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EXECUTIVE SUMMARY

Engineering Geology Limited (EGL) was engaged by Oceana Gold (New Zealand)
Limited (OGNZL) to assess the ground settlement effects from dewatering due to
mining and access tunnel development for the Waihi North Project.

Assessment of ground settlement is based on both review of past settlement trends and
theoretical calculations (where relevant). The large number of settlement observations
at Waihi, spanning some 34 years, provides a reliable database for estimating likely
future settlements associated with further dewatering.

Overall ground settlement effects are assessed to not cause damage to any structures

If mitigations and recommendations are followed. The assessed ground settlement
effects are summarised below, followed by the mitigations and recommendations.

Assessment of ground settlement effects

e The settlement effects for the Waihi North Project are summarised below:

o Settlements can be expected around Gladstone Open Pit (GOP)
(Figure 3) from dewatering of the younger volcanics and andesite near
the pit in the order of 120 to 200mm (see Section 6.1.1). These
settlement effects are on land near to Gladstone Open Pit owned by
OGNZL.

o South of the Ohinemuri River (Figure 3) additional settlements from
the mining of GOP are assessed to be in the order of 10 to 50mm with
low additional tilts (See 6.1.1) and therefore the residential dwellings
in this area will not be damaged. Settlement monitoring is required in
this area to confirm settlement effects are as expected.

o The proposed Martha Underground (MUG) Decline (Figure 3) is
expected to cause additional localised depressurisation of the andesite
and additional settlements in the order of 10 to 50mm locally above the
decline (See Section 6.1.2). There are no structures above the decline
at risk. The proposed decline potentially intersects historic workings
and the interface of the andesite with the younger volcanics. Drawdown
of groundwater in the younger volcanics and historic workings present
a risk, if not mitigated, of more notable settlement and tilt which could
potentially extend to Moore Street, Boyd Road and Barry Road
(Figure 3) where there are residential dwellings. Residential dwellings
in Moore Street, Boyd Road and Barry Road that are not owned by the
company are at least 190 m distance (in plan) from the proposed MUG
Decline. Historic workings on record at the potential level of
intersection only extend 90 m (i.e. part of the way) towards the
dwellings in Barry Road. OGNZL owns the properties between the
proposed MUG Decline and the non-company owned residential
dwellings. There are mitigation options available that OGNZL will
implement in response to evidence of groundwater drawdown or
settlement of the younger volcanics as part of a specific Trigger Action
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Response Plan. Additional settlement and groundwater monitoring is
required in this area.

The Wharekirauponga Access Tunnel decline (Figure 3) length,
starting from the WUG Portal and extending north past Barry Road,
potentially comes close to the younger volcanics. It could cause
settlement effects affecting dwellings at Boyd Road and at the eastern
end of Barry Road, if the potential for dewatering of the younger
volcanics is not mitigated (See Section 6.1.3). OGNZL owns the land
between Boyd Road and the proposed tunnel corridor and the land
within the tunnel corridor immediately north and south of Barry Road.
There are mitigation options available that OGNZL will implement in
response to groundwater drawdown or settlement of the younger
volcanics as part of a specific Trigger Action Response Plan.
Additional settlement and groundwater monitoring is required in this
area.

The additional settlements from the Wharekirauponga Access Tunnel
east of Waihi East (Figure 2) are expected to be in the order of 10 to
100 mm, depending on the geological structures it passes through. The
tunnel east of Waihi East is to be located at depth in andesite rock and
the shallow water table in the younger volcanics is not expected to be
materially affected. Therefore, any additional tilts in this area will be
very small (see Section 6.1.4) and the residential dwellings in this area
will not be damaged. Additional settlement and groundwater
monitoring is required in this area to confirm settlement effects are as
expected.

The settlements from the Willows Access Tunnel and
Wharekirauponga Dual Tunnel (Figure 1) out to WUG are expected to
be in the order of 10 to 100 mm depending on the geological structures.
The tunnel is to be located at depth in andesite rock. There are no
structures near to the Willows Access Tunnel and Wharekirauponga
Dual Tunnel which could be affected (see Section 6.1.5).

Settlements around the ventilation shafts (Figure 1) are expected to be
on the order of 50 to 300 mm. These settlements would have no adverse
effects on the farmland (Willows Ventilation Shaft) and forest area
(WUG Ventilation Shafts) in which they would be located (see Section
6.1.6).

Ground settlements at the WUG site (Figure 1) are expected to be
unnoticeable as any change in level will occur gradually and be
distributed over hundreds of metres resulting in small tilts or change in
grade. This is because the settlement will be caused by dewatering
generally at notable depth below the ground surface. In the middle of
the settlement area, the settlements are estimated to reach up to 300 mm
to 1,000 mm depending on the ground profile. Due to the hilly terrain
at the WUG site, surface settlements of this magnitude are not expected
to have any material effects on stream flows as the change in grade is
notably less than the steepness of the terrain. As the tilt of the ground
will be small, no noticeable impact on the forest environment is
expected (see Section 6.1.7).
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MUG Decline development mitigations and recommendations

e The MUG Decline could potentially dewater the shallow younger volcanics
(ignimbrites and tuffs) and cause settlement effects in Moore Street, Boyd
Road and Barry Road. EGL recommends that OGNZL mitigate this risk
through:

o Detailed assessment of the MUG Decline alignment.
= Avoidance of the younger volcanics may be possible through
refinement of the decline alignment and level, so to stay
completely within the andesite.
= Avoidance of historic workings may be possible.

o Specific geotechnical and groundwater investigations to assist in
determining the ground conditions and groundwater profile between
the decline and closest properties. Such investigations can be
undertaken on OGNZL property.

o Monitoring of groundwater levels and ground surface settlement to
detect possible effects.

o Development of Trigger Action and Response Plans (TARPS) that set
triggers and specific actions including mitigation measures if trigger
levels are exceeded.

o Mitigation of groundwater inflows into the decline (as required) during
construction with grouting methods.

o Mitigation of shallow groundwater drawdown by re-injection of

captured groundwater back into the ground.

Wharekirauponga Access Tunnel decline development mitigations and
recommendations

e The Wharekirauponga Access Tunnel decline from the WUG portal to Barry
Road could potentially dewater the shallow younger volcanics (ignimbrites and
tuffs) and cause settlement effects at Boyd Road and eastern end of Barry Road.
EGL recommends that OGNZL mitigate this risk through:

o Detailed assessment of the decline tunnel alignment to confirm options
and risks.
= Avoidance of the younger volcanics may be possible through
refinement of decline alignment and level, so to stay completely
within the andesite.

o Specific geotechnical and groundwater investigations to assist in
determining the ground conditions and groundwater profile between
the decline and closest properties.

o Monitoring of groundwater levels and ground surface settlement to
detect possible effects.
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o Development of Trigger Action and Response Plans (TARPS) that set
triggers and specific actions including mitigation measures if trigger
levels are exceeded.

o Mitigation of groundwater inflows into the tunnel decline (as required)
during construction with grouting methods.

o Mitigation of shallow groundwater drawdown by the injection of
captured groundwater back into the ground.

Wharekirauponga Access Tunnel development mitigations and recommendations

EGL recommends that the Wharekirauponga Access Tunnel east of Waihi East
Is restricted to @ minimum tunnel depth of 130 m, or 40 m (Ref. 7) minimum
vertical offset from the top of the andesite/younger volcanic interface,
whichever is deeper. The minimum depth reduces the risk of tilt at the ground
surface and the minimum vertical offset reduces the risk of dewatering the
younger volcanics which underlie Waihi East. This was a condition of the
Correnso Underground mine which is directly beneath Waihi East that has been
shown to be successful.

EGL recommends that specific geotechnical and hydrogeological
investigations along the Wharekirauponga Access Tunnel length east of Waihi
East are undertaken to confirm the geotechnical and permeability conditions,
and groundwater pressure profile, and to confirm the level of the tunnel to
achieve the minimum offset to the younger volcanics. This can include surface
drilled investigation boreholes, drilled boreholes ahead of the tunnel and/or
geophysical surveys.

Surface borehole drilling mitigations and recommendations

Where possible boreholes drilled from the surface should be sited away from
structures to minimise settlement risk associated with leakage of shallow
groundwater to deeper systems.

Where possible boreholes should avoid intersecting underground workings.

Grouting of all future surface-drilled holes to a depth below the top of the
andesite.

General tunnel development mitigations and recommendations

e Avoid intercepting existing drillholes with the tunnel operation wherever
possible.

e Avoid intercepting historical workings with the tunnel wherever practicable.

¢ Drilling ahead of the tunnelling operation, to inspect for geological structures or
areas of ground that may make notable water inflows into the tunnel.
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e Mitigation of sustained groundwater inflows through the use of grouting
methods.

Dewatering and ground settlement monitoring recommendations

Monitoring of groundwater levels and ground settlements is required to check
settlements are within estimates and there are no unforeseen effects. The dewatering
and settlement monitoring plan will be updated for the Waihi North Project.
Recommendations in regard to dewatering and ground settlement monitoring are
summarised below:

e Continued monitoring of dewatering and settlement as required by the expired
Mining Licence and resource consent 124860.

e The settlement monitoring zones and settlement trigger limits previously
proposed for Project Martha are adjusted over the Favona Underground and
locally around Gladstone Open Pit and Wharekirauponga Access Tunnel
alignment for the Waihi North Project.

e The dewatering and settlement monitoring plan needs to be updated for the
Waihi North Project.

e Groundwater monitoring piezometers provide the best early warning of
potential adverse ground settlement effects such as tilt. This was evident in the
situation which occurred in Gladstone Road related to borehole CDGO008 as
described in Section 5.3.3. EGL recommends that additional piezometers are
installed along with the new settlement markers in areas where there are
residential dwellings or other structures not owned by OGNZL.

e Recommended additional settlement monitoring markers and piezometers to
measure potential settlement effects are summarised below and in Figure 66 to
Figure 69:

o Potential dewatering of the Gladstone vein south of GOP

= Heath Road — Additional settlement points (Figure 67)
= Clarke Street — Additional settlement points (Figure 67)

o Additional settlement monitoring points around Gladstone Hill to
provide an understanding of the settlement effects close to the pit.

o Potential dewatering of the ignimbrite between the Wharekirauponga
Access Tunnel decline and Boyd Road and Barry Road.

» Boyd Road — Additional settlement points (Figure 68)

o Potential additional dewatering of the andesite rock due to the proposed
MUG decline in andesite beneath Moore Street.

= Moore Street — Additional settlement points and a new
piezometer borehole (Figure 67)
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o Potential dewatering of the andesite veins and rock mass not already
dewatered by the development of the Wharekirauponga Access Tunnel
east of Waihi East.

= Barry Road — A new piezometer borehole adjacent to the houses
in the tunnel corridor (Figure 68)

= Mataura Road — Additional settlement points and a new
piezometer borehole in the tunnel corridor (Figure 68)

= Wenlock Street — Additional settlement points and a new
piezometer borehole in the tunnel corridor (Figure 68)

= State Highway 25 — Additional settlement points and a new
piezometer borehole in the tunnel corridor (Figure 68)

= Wharry Road — Additional settlement points and a new
piezometer borehole in the tunnel corridor (Figure 68)

e Extension of the town settlement monitoring points out to the end of Willows
Road, Highland Road, and Reservoir Road to cover the project extent near
structures. (Figure 69)
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OCEANA GOLD (NEW ZEALAND) LIMITED
WAIHI NORTH PROJECT
GROUND SETTLEMENT REPORT

1.0 INTRODUCTION

Oceana Gold (New Zealand) Limited (OGNZL) proposes to develop a new mining project
named the Waihi North Project (WNP) to extend the mine life in Waihi by developing a new
open pit and underground mine (Ref. 1). OGNZL has engaged Engineering Geology Limited
(EGL) to undertake this ground settlement assessment for the project elements which
potentially have ground settlement effects. This assessment considers ground settlement
effects caused by ground dewatering resulting in direct consolidation of soil and rock
materials.

In this report ground “settlement effects” refer to both “settlement” and “tilt”. The term
“settlement” applies to the widespread and relatively minor vertical displacement of the
ground surface caused by dewatering. The term “tilt” refers to differential settlements in the
ground surface caused by dewatering (i.e. differences in settlement over short distances).

Extensive knowledge of ground settlement effects has been developed around Waihi through
the monitoring undertaken for the effects associated with Martha Open Pit, and the Favona,
Trio and Correnso Underground mines. This report reviews these past effects in assessing
the settlement effects for the Waihi North Project.

1.1. Waihi North Project

The WNP elements (Ref. 1) are shown on Figure 1, Figure 2, and Figure 3 and
comprises:

e The mining of a new open pit near the existing Processing Plant, centred over
Gladstone Hill, the Gladstone Open Pit (GOP). This pit will be converted to a
tailings storage facility once mining is complete;

e A new tailings storage facility to the east of existing Tailing Storage Facility
(TSF) - Storage 1A (TSF1A), called Storage 3 or TSF3 in short;

e New rock stack (the Northern Rock Stack or NRS) at the Northern Stockpile
area adjacent to the existing TSF — Storage 2 (TSF2);

e Reconsenting of the existing Water Treatment Plant (WTP) treated water
discharge consents;

e Upgrading of the existing WTP to double the water treatment capacity;

e A new underground mine, the Wharekirauponga Underground Mine (WUG),
located approximately 11km north-west of the current Processing Plant under
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land administered by the Department of Conservation (DOC) (Coromandel
Forest Park). WUG will comprise surface infrastructure, tunnel portals, a
tunnelling system and the mine itself.

o Site infrastructure supporting the mine will be located on OGNZL
owned farmland located at the end of Willows Road, with only minimal
surface features within the forest, in the form of fenced vent raises, on
legal paper road owned by the Hauraki District Council,

o Portal (Willows Portal) and a single tunnel (Willows Access Tunnel) at
Willows Road to the edge of Coromandel Forest Park (1,300 m long);

o Ventilation shaft on the Willows Road farm south of the Coromandel
Forest Park (250 m long). This shaft will act as an exhaust during tunnel
construction before being converted to an intake during mining
operations;

o Dual (access) tunnel (Wharekirauponga Dual Tunnel) from the edge of
Coromandel Forest Park to the footwall of the Wharekirauponga
orebody (5,500 m long);

o Multiple declines as the dual tunnel approaches the top of WUG, for
access to the lower portions of the orebody (500 — 1,200 m long);

o Cross cuts at 200 m spacing along the length of the Wharekirauponga
Dual Tunnel, providing a connection between the intake and exhaust
tunnels (1,000 m total);

o Portal (WUG Portal) and single ore transport tunnel (Wharekirauponga
Access Tunnel) near the Processing Plant that connects with the dual
tunnels at the Willows Road farm vent raise (approximately 5,000 m
long);

o New Martha Underground (MUG) decline from the cut for the WUG
Portal to the existing Trio decline, passing under the south end of
Moore Street; and

o Allink or bypass drive that connects the single Willows Access Tunnel
to the single Wharekirauponga Access Tunnel from Waihi (270 m in
length). This is to allow long term access between the two portals
(Willows Portal and WUG Portal).

e Modifications to the existing overland and load out conveyors to allow waste
rock loading and conveying to the NRS and return of rock to the plant for
backfilling; and

e Upgrading of the existing Waihi Processing Plant to enable ore processing up
to 2.25 million tonnes per annum (MTPA), up from 1.25 MTPA currently.

1.2. Project elements with potential ground settlement effects

Elements associated with the WNP that have potential ground settlement effects are:

Gladstone Open Pit

Willows Access Tunnel Willows Road Ventilation Shaft
Wharekirauponga Dual Tunnel Up to 4 ventilation shafts at WUG
WUG Mine drives, shafts and stopes

Wharekirauponga Access Tunnel New MUG decline

The other elements of the projects are developed at the surface and do not have any
notable potential ground settlement effects beyond their footprint and therefore do not
require assessment as part of this report.
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1.3. Consented ground settlement effects

This report extends the assessment of potential ground settlement effects due to ground
dewatering for the current as-built and Life of Mine Plan (LoMP) for the open pit and
underground mines already consented, which includes:

Existing Martha Open Pit (MOP) (Ref. 2, 4, 10)

Favona Underground (Ref. 3, 11, 12)

Trio Underground (Ref. 5, 13, 14)

Correnso Underground (including Slevin Underground) (Ref. 6, 15, 16)
Martha Underground (MUG) (Ref. 7, 17, 18, 20)

Martha Open Pit — Phase 4 (MOP4) (Ref. 7, 17, 18 , 20)

The last project consented was Project Martha (MUG and MOP4).

The settlement prediction approaches applied in these past assessments have provided
estimates which have been on a similar magnitude as the measured ground settlements
effects. Where there has been a difference between predictions and measured ground
settlement effects, this has been explained within this report (see Section 5.3).

The elements and effects of the WNP interact with the existing as-built and consented
projects.

1.4. Dewatering and settlement monitoring plan and annual reporting

As arequirement of the existing consents, a dewatering and settlement monitoring plan
has been prepared by OGNZL (Ref. 8). This outlines the monitoring of groundwater
and settlement and process in the event of unusual ground movement. This plan is
certified by Waikato Regional Council and Hauraki District Council. This plan will be
updated for the WNP.

As arequirement of the consent conditions, an annual dewatering and settlement report
is prepared (Ref. 9). This reviews the six-monthly ground settlement survey data and
the groundwater monitoring records. The monitored dewatering and settlement effects
of the WNP will be included in this report annually.

1.5. Assessment limitations and management of risks

This assessment considers ground settlement effects (settlement and tilt) caused by
ground dewatering resulting in direct consolidation of soil and rock materials. Other
causes of potential ground settlement from the WNP are assumed to be less than minor
or to have been assessed by others. This assessment assumes that OGNZL undertakes
best practice mining methods that minimises any other potential ground settlement
effects.

The extent of works covers a large area and the inferred ground conditions are based
on a limited number of ground investigations. Unforeseen ground conditions can be
expected. Uncertainty and risk around unforeseen ground conditions can be partially
reduced by undertaking further ground investigations; however, risk will always
remain and this risk will be managed by OGNZL.
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While this assessment is for ground settlement effects that are caused by ground
dewatering, this report is in no way to be taken as an assessment of effects on
groundwater.

1.6. Report update

This report was originally issued in 2022. Only minor updates to text and figures have
been made for the 2025 fast track application. The conclusions remain the same as in
2022,

2.0 GROUND SETTLEMENT OVERVIEW AT WAIHI

2.1. Ground settlement mechanism

Ground settlement effects at Waihi are predominately caused by dewatering within the
ground, which arises because of lowering or local depressurisation of the groundwater
around the mine open pits and underground workings and interconnected geological
vein or fault structures. Lowering or depressurisation of the groundwater occurs within
the defects and pores of the soil and the rock, resulting in a transfer of stress from the
groundwater to the solid soil and rock material causing it to compress and settle.

The amount of settlement due to dewatering within the ground depends on the
following:

1. The change in the compressive stresses in the ground from the pore water to the
soil and rock material, which depends on the difference between the initial and
final groundwater pressures;

2. The compressibility of the ground which is a natural property, and which varies
depending on the type of soil and rock, and whether the ground has felt the same
stress before; and

3. The thicknesses of the different types of soil and rock that underlie a site which
undergo a change in pressure.

The rate of settlement depends on the permeability of the ground. Permeability is a
measure of how easily water flows through a material. The presence of shafts and
drives and other discontinuities in the ground increases the draining rate of water from
the ground and hence increases the rate of settlement.

Settlement of the ground without notable tilt (i.e. settlement as a uniform surface) does
not cause damage to structures founded on the surface. Tilt, which is differential
settlement of the ground, can cause damage to structures if it occurs over short
distances. This can affect the amenity of structures and in areas of very severe tilt
potentially impact the structural integrity of brittle structures.

2.2. Geology and hydrogeology interpretation
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The understanding of geology and hydrogeology is fundamental to understanding the
observed settlement effects, and to allow estimates of future effects from extended and
new projects. Different geological units beneath the ground surface present different
settlement potential. The younger geological units made up of volcanic airfall, alluvial
and lacustrine (lake) type deposits closer to the surface are more prone to ground
settlement effects (both settlement and tilt) upon dewatering due to their shallower
depth, higher permeability, and higher compressibility. The older andesite geological
units around the Waihi township area are generally less prone to ground settlement
effects due to their greater depth, lower permeability, and lower compressibility.
Martha Open Pit intersects both the younger volcanics and older andesites. The
underground mines are within the andesites. Dewatering caused by mining of the
deeper andesite units causes settlement at the surface, however at Trio and Correnso
Underground, due to their depth, tilt has generally not been an issue. Favona
Underground is in an upper unit of the andesite with an overlay of hydrothermal
breccia and tuff, and a thinner thickness of younger volcanics over the andesite. This
area has experienced higher tilt, however there are no structures in this area for which
the effects are consequential.

2.3. Historic mining operations

Historical mining in Waihi occurred from 1880 to the 1950s (Ref. 21). This included
deep underground workings around the main gold bearing veins. The workings and
dewatered reached approximately 660 m below the Waihi township. This would have
caused settlement and consolidation of the ground. Settlement from historical mining
was not surveyed.

After historical mining, partial rebound of the ground surface would have occurred.
As a result of the historical consolidation of the ground in the areas of historical
dewatering, settlement effects are reduced compared to areas of primary or first
dewatering of the ground.

2.4. Modern mining operations

In 1988 open pit mining of Martha Hill began to form Martha Open Pit (Figure 2).
This involved large scale excavation of both overburden soil and rock, and ore. Martha
Hill was an area of extensive historic underground mining and some surface mining.
Dedewatering of these areas has caused ground settlement, albeit of a lesser magnitude
than historical mining, due to pre-consolidation of the soil and rock.

In late 2004 construction began on the decline (access tunnel) for the Favona
Underground (Figure 2), with the extraction of ore in 2006 (Ref. 23). Favona
Underground is 1.5 km southeast of Martha Open Pit. Before developing the Favona
Underground the area already had some settlement from Martha Open Pit dewatering
(Ref. 9). Favona Underground was extended to the south to include the Moonlight
section of the vein system just to the west of the Processing Plant. Ore production from
Favona Underground including the Moonlight development (Figure 2) was completed
in 2014 (Ref. 22). Concurrently Trio Underground was developed to the west under
Union Hill from 2010 (Ref. 23), with ore production beginning in 2012 and finishing
in 2014 (Ref. 22).
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Correnso Underground development began in 2014 and was close to complete in 2021.
Correnso Underground was the first modern underground undertaken directly under
private residential and commercial property not owned by the mining company.

Martha Underground development and underground bores were drilled for dewatering,
beginning in July 2020. Martha Underground is currently being developed.

3.0 STUDY AREA GEOLOGY

3.1. Waihi to WUG geological setting

Brathwaite and Christie (Ref. 24) interpret the geology of the Waihi Basin as part of
the Coromandel Volcanic Zone, a sub-aerial 8-million-year-old (late Miocene) to
1.5 million-year-old (early Pleistocene) andesite-dacite-rhyolite sequence that forms
the Coromandel-Kaimai ranges. The basement rock (Manaia Hill Group sandstone,
siltstone and conglomerate, Ref. 24) is assumed to be at considerable depth (~1 km).
The Waihi Basin is a paleo-caldera (ancient large volcanic centre, like Lake Taupo)
within the Coromandel Volcanic zone (Ref. 25) and the Coromandel Peninsula is
located within an area of extensional tectonic faulting between the Taupo Volcanic
Zone and the Hauraki Rift (i.e. Hauraki Plains and Firth of Thames). Faulting in the
Waihi area trends approximately northeast-southwest.

The oldest volcanic formations outcropping in the Waihi area are andesites and dacites
of the Late Miocene Waiwawa Subgroup of the Coromandel Group and includes the
Waipupu Formation andesites and dacites which are 7.9-6.3 million years old (Ref.
24). These andesites outcrop at Gladstone, Union, and Martha Hill, and hills further to
the northwest.

To the north of Waihi the Whitiroa andesite of the Waiwawa Subgroup comes in over
the Waiwawa Formation andesite and dacites. The Whitiroa andesites are mapped out
to the WUG site (Ref. 24).

The host rhyolites flows and pyroclasitc deposits at the WUG site are assigned to the
Maratoto Rhyolite of the Coroglen Subgroup of the Whitianga Group (Ref. 24, 27,
29). The rhyolites form a dome complex that is partially overlain by rhyolitic tuffs of
the Edmonds Formation (Ref. 24, 30, 31). The rhyolites at WUG are interpreted to
overlie the older andesites of the Waipupu Formation or Whitiroa andesite (Ref. 27,
31). The older andesites and rhyolites are overlain by the Whakamoehau andesite (Ref.
31).

Dating (K-Ar) indicates a geological erosional time break of about 1 Ma (million
years) between the andesites and dacites of the Waiwawa Subgroup and the eruption
of andesites and dacites of the Kaimai Subgroup, which contains dacites belonging to
the Uretara Formation which are 5.6-4.3 million years old. The dacites (Black Hill
Dacite) of the Uretara Formation come in over the Waiwawa Formation andesites to
the east of Waihi along the Ohinemuri River passing the TSF Development Site.

Of similar age to the Kaimai Subgroup are rhyolites of the Minden Rhyolite Subgroup
within the Whitianga Group, which includes domes of Homunga Rhyolite which is
5.5-5.2 million years old and forms the hills of Ruahorehore Dome on which the
existing TSFs are predominantly against.
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The Waihi Basin caldera is infilled with Pliocene to early Pleistocene lacustrine (lake)
sediments and ignimbrites of the Whitianga Group. At the base are lacustrine
sediments of the Romanga Formation (4.5-3.0 million years old) part of the Coroglen
Subgroup. Lacustrine sediments are also found around the current crest of the Martha
Open Pit and in isolated locations at the TSF Development Site.

The overlying ignimbrites around Waihi are grouped into the Ohinemuri Subgroup
consisting of Corbett ignimbrites at 2.9 million years old and Owharoa ignimbrites
(late Pliocene) and Waikino ignimbrite at 1.5 million years old (early Pleistocene).

Eruptions of ash and pumice blanketed the Waihi area. Typical ash soils found in the
area include the Waihi Ash series, the Hauparu Ash and the Rotoehu Ash. The ash
mantle at WUG is likely to differ in origin.

3.2. Geology Martha Open Pit to Favona Underground and Gladstone Hill

With mining and exploration drilling a good understanding of the geology has been
developed from Martha Open Pit to Favona Underground and Gladstone Hill.

Figure 5 to Figure 19 show geological maps and sections of the area around Martha
Pit and proposed Gladstone Open Pit and Wharekirauponga Access Tunnel, including
the various mineralised vein systems. Figure 5 includes the geological map of the area
around the Martha Open Pit and proposed Gladstone Open Pit and the location of the
cross-sections radiating out from the pits. The cross-sections are given in Figure 6 to
Figure 17 and show that the mineralised andesite extends down to at least RL500m
(m RL, Reduced Level in Mine Datum). For reference, the ground surface varies from
approximately RL1080m to RL1180m around the pits.

Figure 19 shows the veins and workings in plan between the Martha and Favona fault
and vein systems. Figure 18 shows an indicative geological cross-section from Martha
Pit through the Correnso, Trio and Favona fault and vein systems along the same
orientation as the lines A-A’ and B-B’ in Figure 19. The section in Figure 18 shows
that the andesite (Waipupu Formation) made up of a lower quartz andesite and upper
andesite outcropping at the horst (elevated) features of the former Martha Hill (Martha
fault), Union Hill (Amaranth fault) and Gladstone Hill (Favona fault). The andesite
rock extends to depths greater than 600m and below this a lower
volcanic/volcaniclastic sequence is indicated, which is inferred to overlie the basement
rock (Manaia Hill Group). The andesites are also host to the ore.

Along the top of the Favona fault and Favona and Gladstone vein systems are localised
sequences of:

¢ Volcaniclastic deposits (tuffs) (Waipupu Formation)
e Hydrothermal (andesitic) vent breccia (Waipupu Formation)

See Figure 18. The hydrothermal breccia is encountered on the east side of Gladstone
Open Pit. Above Favona Underground both the volcaniclastic deposits and
hydrothermal breccia are present in the area where the Wharekirauponga Access
Tunnel decline will pass.
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The hydrothermal vent breccia and volcaniclastic deposits appear localised to the
Favona and Gladstone vein systems based on the OGNZL geological model of Waihi
(Ref. 26).

East from the Favona fault and Favona and Gladstone vein system is a sequence of:

e Rhyolite lava flows and tuff (Ruahorehore Rhyolite of Homunga Rhyolite)
e Dacite lava flows and breccia (Uretea Formation — Black Hill Dacite)

The Black Hill Dacite is present on the east side of Gladstone Open Pit, outcropping
as Black Hill. The rhyolite lava flows and tuff associated with the Ruahorehore
Rhyolite are too far to the east beneath the tailings storage facilities to be of interest
for this study, however, are mentioned as there are rhyolitic lava flows and pyroclastic
units also at WUG.

The Waipupu Formation andesite rocks (lower quartz andesite and upper andesite on
Figure 18) around Waihi are extensively modified in places by weathering and
hydrothermal alteration. An almost continuous cap of low permeability, highly
weathered and altered material is present on the surface of the andesites around Waihi
township.

The andesites are overlain by a series of younger volcanic deposits (post
mineralisation) which are highly variable in thickness and composition. The younger
volcanic deposits consist of rhyolitic tephras and ignimbrites in the form of flows,
breccias and tuffs. On the sections (Figure 6 to Figure 17) these are shown as:

e Rhyolitic tuffs
e Sandy ignimbrites
e Welded ignimbrites

These younger volcanic deposits are exposed in the east and south walls of Martha
Open Pit (Figure 38), however, blanket much of lower areas around Waihi, including
Waihi East, Waihi South, lower slopes of Gladstone Hill, and the area over Favona
Underground where the Wharekirauponga Access Tunnel decline is proposed.

Occasionally, paleosols (buried soils) and sedimentary deposits such as alluvium and
boulder alluvium are present at the top of successive eruption sequences. The younger
volcanic deposits underlie much of Waihi township to the east and south of the Martha
Pit (Figure 5). They also overlie Favona Underground and the west and south of
Gladstone Open Pit around the Ohinemuri River, however in a lesser thickness. A
layer, up to approximately 8 m thick, of geological young ash soils, alluvium and
completely weathered rhyolitic tephras blankets much of the younger volcanic
deposits.

The younger volcanic deposits have some layers which are more compressible than
the underlying andesite which means they have the potential to settle more when
subjected to the same increase in stress. There are also some layers of welded
ignimbrite which are very stiff which minimise tilt effects at the surface. The combined
profile of the younger volcanic beneath Waihi township are up to 140 m deep in the
Waihi East area.
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3.3. Gladstone Open Pit

Gladstone Open Pit is centred over the Gladstone Hill and partially over the adjoining
Winner Hill to the south. Gladstone Open Pit will intersect the veins within the andesite
which extend to the Ohinemuri River to the south (Ref. 26, 37, and 40). It is possible
that the veins do extend beneath the Ohinemuri River towards Heath Road.
Surrounding Gladstone Hill are younger volcanic ignimbrite deposits (Ref. 26, 37, and
40) ignimbrites are present along the reach of the Ohinemuri River passing to the south
of Gladstone Hill. In borehole GLDO004D they are 16m deep. The andesite is highly
weathered from approximately 16m to 24m deep and then abruptly changes to
moderately to slightly weathered andesite, with quartz veining present. It is assumed
that this weathered surface of the andesite will be of sufficiently low permeability to
minimise drawdown of the ignimbrites above, as is found elsewhere around Waihi.

3.4. Wharekirauponga Access Tunnel geology

A high-level interpretation of the geology for the Wharekirauponga Access Tunnel by
Golder (Ref. 27) is shown in long section in Figure 20. Sections from the OGNZL
geology model (Ref. 26) in Figure 9, Figure 13, Figure 16, and Figure 17 also show
the inferred geology. Behind the east end of the Waihi township the tunnel is indicated
to pass through Waipupu Formation andesite (aw) which consists of andesitic flows,
breccias, and tuffs, some of which are hydrothermally altered (Ref. 36). The tunnel
will then pass through the younger andesite (inferred to be Whitiroa andesite by Golder
Ref. 27), before returning back into Waipupu Formation andesite (Ref. 27).

The younger andesite present in the mid-section of the alignment is inferred to be on
a down thrown block (graben) that is bounded by northeast regional scale faulting (Ref.
27). It is expected that there will be fracture zones associated with these faults and
that ground conditions will be weaker than the general andesite rockmass (Ref. 36).

The WUG Portal entrance for the Wharekirauponga Access Tunnel is likely to be in
andesites. However, the top of the cuts for the portal may intersect ignimbrites
blanketing the hill.

The Wharekirauponga Access Tunnel decline alignment is slightly to the west of the
current Favona Underground, however, will be notably shallower and may intersect
both overlying ignimbrites and hydrothermal vent breccia before reaching the andesite
again before passing behind Waihi East. PSM (Ref. 40) has produced an indicative
section along the decline alignment which is included in Figure 21.

The existing Favona Underground vent shafts are approximately on the alignment of
the decline (Figure 3). There is approximately 15m deep ignimbrites, with
approximately 15m thickness of hydrothermal tuff (volcaniclastics) over hydrothermal
vent breccia (Ref. 39) at this location. The hydrothermal vent breccia is 50m thick and
overlies the upper andesites. The Favona Underground is within the upper andesites.
Close interaction of the tunnel decline and the vent shafts present a potential risk of
groundwater drawdown in the younger volcanics.
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3.5. Willows Road site geology

The geology of the Willows Road site is summarised on Figure 22 and Figure 30,
produced by GHD (Ref. 28). The site is noted to consist of a depth of primary
weathered rock and/or pyroclastic deposits that are weathered to form clay and silt
soils (Ref. 36). These soil materials are a few metres thick on the steeper slopes and
in the gullies are around 7 to 15 m thick. Beneath these soils either lies relatively fresh
andesite rock in the northern part of the site (Waipupu Andesite) or completely
weathered tuff (Whiritoa Andesite) (Ref. 36) towards the portal and site infrastructure
location. Golder (Ref. 38) infers the contact between the two units to daylight on the
west side of Willows Road Farm and dip to the east. In the low-lying areas adjacent
to the Mataura Stream, alluvial terrace deposits exist consisting of silty gravel and
sands. These materials directly overlie the andesite (Ref. 36).

3.6. Wharekirauponga Dual Tunnel alignment

GHD (Ref. 28) has interpreted the available information along the Wharekirauponga
Dual Tunnel from Willows Access Tunnel to WUG mine indicating that the tunnel
passes at depth primarily through the Waipupu Formation andesite (aw) and Whiritoa
andesite (ah), passing various geological lineaments or faults. The sections indicate
that the Whakamoehau andesite (Ref. 31) overlies the Waipupu and Whitianga
andesite over part of the alignment, however the tunnel is unlikely to intersect this unit
at depth. This is shown on the plans in Figure 22 to Figure 26 and sections in Figure
27 to Figure 30. This mapping is based on the GNS 1:50,000 geological map (Ref. 24,
28).

3.7. WUG Mine geology

At WUG the host rock is assigned to the Maratoto Rhyolite (Ref. 24, 27, 29, 30, 31).
The epithermal quartz veins occur in the rhyolite flow and breccias that form a dome
complex (Ref. 31). The Maratoto rhyolites are overlain by tuffs of the Edmond
Formation (24, 30, 31). The rhyolites infill a north-east trending graben (down thrown)
structure (Ref. 30). The rhyolites overlie andesites of the Waipupu Formation or
Whitianga Group andesites (Ref. 24, 27). The mineralised sequences are partially
overlain by strongly magnetic, fresh andesite flows, rhyolitic tuffs and recent ash
deposits (Ref. 22). The andesites are interpreted to be Whakamoehau andesite
(Ref. 31). The fault structures of the graben trend approximately north-northeast (not
inferred to be active) with a series northwest-striking faults interpreted to be cross-
cutting the rhyolites (Ref. 30).

The geology at WUG is shown in a simplified form in Figure 31 and Figure 32, with
a rhyolitic profile of pyroclastic deposits indicated to overlie a notable thickness of
(lava) flow deposits, with pyroclastic deposits again beneath the flows before reaching
the underlying andesites. The WUG Mine will be in the rhyolite flows and pyroclastic
deposits. The ventilation shafts are positioned over the declines as they approach the
mine from the south. They may be wholly within the Whitiroa andesite or pass through
the Whakamoehau andesite at the surface and into the rhyolites at depth (26, 27).
Further ground investigation is required to confirm the ground profile at these
locations.
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4.0 WAIHI DEWATERING AND GROUNDWATER LEVELS

4.1.

4.2.

Historical Dewatering

Extensive underground mining was undertaken at the Martha Mine from 1893 until
1952. The workings were generally in the area of Martha Hill, which is now Martha
Open Pit and modern Martha Underground. Dewatering the original mine was required
down to the full depth of workings, approximately RL540m. The historic dewatering
occurred over many decades, longer than the recent phase of mining (1989-2021). By
the time the recent phase of mining commenced in 1989 the groundwater levels had
returned to near pre-mining levels.

Martha Open Pit, Favona, Trio and Correnso Underground Dewatering 1989-
2024

Dewatering of the Martha Open Pit occurred progressively. Dewatering was achieved
by installing pumps into the main shafts associated with historical underground mining
beneath the pit. A record of the mine dewatering level over the life of the mine is
shown in Figure 4. Reference reduced levels (RL) for key mine and geological features
are also shown on Figure 4. Monitoring of dewatering levels was undertaken from
shafts in the bottom of Martha Open Pit until 4 May 2015, when the slip occurred on
the North Wall of the pit. Dewatering levels since 2015 are based on pumping levels
in Correnso Underground and underground bores for MUG development.

The dewatering has been carried out at different rates during the period and sometimes
the water level has been held near constant (refer to Figure 4). Records at Martha Open
Pit begin with the groundwater at approximately RL1110m in 1989. The average rate
of drawdown in the pit from 1989 to 1998 was about 16 m per year. Between 1998 and
2000 the groundwater level at the pit was at approximately RL970m. In 2000 and
2001 it was drawn down 30 m to RL940m. Between 2001 and 2003 the groundwater
level at the pit was maintained between RL940m - RL960m. It was then lowered
progressively 70m from RL960m to about RL890m from about May 2003 to
December 2006, at an average rate of approximately 20 m per year. Groundwater
levels beneath Martha Open Pit were held close to RL 890m until June 2009.

Concurrently, from 2004 the Favona Decline was developed, with the decline reaching
near full depth early 2008 (see indicative depth of decline construction on Figure 4).
The development of the decline is notable as the Favona vein system was understood
to not be hydraulically connected to the Martha vein system and had not been
dewatered historically. The decline for Favona was developed from the existing
Favona Portal in Gladstone Hill (see Figure 3).

Martha Open Pit was dewatered a further 15 m to RL875m between June 2009 and
December 2010 at an average rate of drawdown of approximately 10 m per year. The
rate of dewatering was then increased to about 70 m per year from December 2010 to
November 2011, with the water level was reduced from RL875m to RL807. It was
slowly lowered to about RL790m from November 2011 to May 2015. Concurrently,
Trio Underground was developed under Union Hill from 2010 (Ref. 23), with ore
production beginning in 2012 and finishing in 2014 (Ref. 22). Correnso Underground
development began in 2014. This was the first modern underground mine in Waihi
undertaken under private residential and commercial property not owned by the
mining company.
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In 2015 there was the slip on the north wall of Martha Open Pit which prevented access
to the dewatering pumps which were located in the pit in the old mine shafts. After
this the dewatering was undertaken from the Correnso Underground. Slow dewatering
continued to approximately November 2017, after which the dewatering rate was
increased and the level was lowered at a rate of approximately 55 m per year to
RL705m by Jan 2019. The level of the sump in Correnso (Gladstone Sump) remains
at RL705m. Correnso Underground was close to complete in 2021 with the majority
of the stopes mined and backfilled. Dewatering for Martha Underground commenced
in July 2020 from two underground bores drilled below the RL800m exploration drives
for MUG, which extend beneath Martha Open Pit. The bores are continuing to lower
the groundwater level, which had reached RL662m as of December 2023.

4.3. Piezometer monitoring and interpretation

Monitoring wells, referred to as piezometers, have been installed at various locations
surrounding the pit and undergrounds to monitor the effect of dewatering on
groundwater levels as shown in Figure 33. The piezometers have been installed at
different depths to enable the monitoring of groundwater levels or water pressures in
the different geological units (alluvium, deeper younger volcanic deposits and andesite
rock). The recorded levels are summarised on contour plans in Figure 34, Figure 36,
and Figure 39.

The contours for the andesite in Figure 39 are indicative of the groundwater levels in
the upper surface of the andesite. Groundwater levels in the deeper andesite will be
lower. Figure 35, Figure 37, and Figure 40 group and present the recorded
groundwater levels over time by geological unit for information.

GWS (Ref. 35) provides a detailed review of the site hydrogeology and the effect of
pit dewatering on groundwater levels. Generally dewatering has resulted
comparatively in much greater changes in groundwater levels in the deeper andesite
rock than in the weathered surface of the andesite, younger volcanic deposits and
alluvium. This is shown in Figure 42 and Figure 43 which present the recorded
groundwater levels at monitoring location P2 and P8. At each location there are
multiple devices recording groundwater levels in different geological units.

Generally, the groundwater can be drawn down in the andesite without affecting the
shallow groundwater table, and only partially depressurising the younger volcanics at
depth. In Figure 42 P2-1 and P2-2 tip (measurement) levels are in the andesite rock.
They show the progressive drawdown of the andesite following the mine dewatering
level. In Figure 43 P8-1 is located in andesite and also follows the mine dewatering.
For all three piezometers (P2-1, P2-2 and P8-1) the groundwater levels have been
drawn down below the tip and therefore they show a constant level as the mine
dewatering continued. Notably the piezometer tips P2-3, P2-4, P8-3, and P8-4 in the
alluvium and younger volcanic have not followed the same drawdown trend as the
underlying andesite.

A shallow groundwater system associated with volcanic ash, alluvium and completely
weathered rhyolitic tephra is present at shallow depth. The shallow groundwater
system is controlled by rainfall infiltration. It is not affected by underground mine
dewatering in the andesite and is only affected by the open excavations close to the
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pit. Both piezometers P2-4 (tip RL 1101m) and P8-4 (RL1111.8m) in the boulder
alluvium do not show any notable drawdown.

The younger volcanic deposits are located within a transitional groundwater system.
This groundwater system is not influenced significantly by either surface infiltration
or underground dewatering of the andesite. It is, however, influenced by drawdown
caused by the excavation of the pit walls. Figure 36 shows the contact of the deeper
younger volcanics in the pit walls, showing the contact is lowest on the east side of the
pit. Monitoring of groundwater levels indicates drainage primarily towards the open
pit (see Figure 36). The response of piezometer P2-3 in Figure 42 and P8-3 in Figure
43 shows drawdown in the early stages of pit dewatering before a steady-state situation
was reached in about 1996. This contrasts with the continuing drop in groundwater
levels in the deeper andesite rock (P2-1, P2-2 and P8-1). Groundwater level changes
and the associated consolidation of the varying thickness of the younger volcanic
deposits, which are weaker and more compressible than the andesite, is responsible for
much of the settlement that occurred in the early stages of dewatering close to the
Martha Open Pit, however, as dewatering has transitioned to being predominantly in
the andesite, compression of the andesite has become the more notable contributor for
settlement.

The andesites host the mineralised veins. The veins are therefore located within the
deep andesite groundwater system. The veins are directly affected by dewatering in
Martha Open Pit and underground mines and respond rapidly to mine dewatering. The
adjacent andesite rock responds slower than the veins due to its low permeability. The
veins have good connection due to both their high permeability nature and the
intersecting historical mining drives/adits and shafts.

Dewatering effects associated with the Martha Open Pit are abruptly attenuated to the
north and west of the mine because of faulting. Dewatering extends to the south-west
and east of Martha Pit. There is a connection between Martha, Correnso and Trio
groundwater systems. The Favona vein groundwater system was originally thought to
be hydrologically separate from Martha-Correnso-Trio groundwater system because
of the groundwater levels in the andesite. Now the construction of Favona to Trio
incline and decline provides a connection of the two systems above RL823m (Ref. 9).
Some settlement (10 to 50 mm) had been observed at Favona prior to its development,
hence the effects of deep dewatering of the andesite close to Martha Pit were having
some minor effect at Favona.

Development of the Favona Underground caused significant local drawdown of
groundwater in the andesite as indicated by piezometer P64-a on Figure 46, which is
now dry below the screen depth 184 m below ground level (mbgl). The Favona
Underground drives have reached RL766m (Figure 4), approximately 330 to 360
mbgl. Drawdown of the upper younger volcanic material in this area did not occur, as
confirmed by piezometer P64-i (screen depth 30.5 mbgl) (Figure 46). However, some
local drawdown of groundwater levels in the younger volcanics may have occurred
temporarily during the ventilation shaft construction (Ref. 39). Piezometers P64-d was
also drawn down dry during the development of Favona decline, with a screen depth
at 53.6 mbgl. Drawdown has also occurred in the andesites south toward Gladstone
Hill where the Moonlight Underground was developed. The dewatering reduces
further south towards Gladstone Hill (Ref. 27) as shown on Figure 39 (Ref. 9) (see
borehole GLDO004) where the andesite groundwater levels at depth are close to the
level of the Ohinemuri River.
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4.4. Martha Underground dewatering

The Martha Underground dewatering will occur before and during the WNP. The
effects may therefore occur concurrently with WNP.

The Martha Underground mine (Project Martha) extends to RL500m. Therefore, the
water level will need to be lowered by 205 m below the previously held (Correnso)
dewatering level (RL705m). Dewatering for Martha Underground is another 40 m
deeper (RL500m) than historic mining. Dewatering will be achieved by the installation
of stage pumping chambers within the mine that pump into the existing Correnso
dewatering pumping system located at RL780m. Water will continue to be piped to
the Water Treatment Plant. The MUG dewatering level is at RL662m at the end of
2023 (see Figure 4).

The observed response of veins within the Martha groundwater system to dewatering
at Martha Mine means that the RL500m water level will also be developed in veins
beneath Waihi, including Waihi East (Ref. 35). The existing multi-level piezometers
P90 to P95 and P100 to P102 located in the Waihi East, shown in Figure 44, and Figure
45 indicate that the drawdown of the andesite is unlikely to have any notable
drawdown effects on the shallower surficial alluvial and younger volcanic
groundwater systems. These groundwater levels were recorded in August 2020. The
groundwater level of the Martha vein system at that time was RL705m. The deepest
piezometers in the boreholes are located in the upper andesite and show significant
under drainage, however, the shallow piezometers in the younger volcanics show
increasing groundwater pressure with depth indicating that they are maintaining a near
hydrostatic profile.

Observation of groundwater levels and modelling by GWS (Ref. 35) indicate
dewatering the Martha vein system from the current elevation (approximately
RL705m) to RL500m is not expected to notably affect groundwater pressures within
the younger volcanics. This is consistent with the long-term groundwater monitoring
data which shows shallow groundwater pressures have remained relatively unchanged
while dewatering has been ongoing. The groundwater pressures in the interconnected
veins and other open rock defects connected to the veins are expected to drop nearly
immediately in response to lowering of the groundwater level required for the Martha
Underground. The groundwater pressures in the andesite rock mass are indicated to
respond to dewatering of the veins.

The weathering profile depth within andesite rock does vary locally, resulting in a
variation in thickness of the low permeability material that perches the shallow
groundwater system. However, monitoring and modelling indicates that it is generally
thick enough in the areas of works to date to maintain a perched water level in the
overlying younger volcanics (Ref. 35). Martha Underground is located in areas of
previous andesite watering.

Monitoring in the andesite is limited by the depth to which the piezometers have been
installed. The lowest piezometers installed in the andesite are P92-156.3m at RL965m
(beneath Waihi East) and P106-163m to RL974m (behind Martha Pit North Wall).
Project Martha underground mines will be developed down to RL500m. Deeper
dewatering of the andesites is interpreted to have very minor effect for structures at the
surface. Dewatering levels in the interconnected veins are assumed to match the
dewatering for the underground mines.
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4.5. Waihi North Project dewatering

The groundwater drawdown effects for Waihi North Project have been assessed by
GWS (Ref. 36) and GHD (Ref. 37). The following sections summarise the
groundwater drawdown situations assumed for this ground settlement assessment for
the various project elements.

45.1. Gladstone Open Pit

GHD (Ref. 37) has made assessment of the groundwater drawdown at
Gladstone Open Pit. There is a shallow groundwater system in the younger
volcanics overlying a deeper system in the andesite, similar to the rest of
Waihi. However, the younger volcanics (sandy ignimbrite found up to
43.5mbgl) are of a much more limited depth than Waihi East (up to
140 mbgl).

The Favona Underground dewatering is inferred to partially dewater the
Gladstone vein system, with deeper piezometers in the andesite near to the
vein system (P60 and P61) drawn dry on the north side of the pit. On the south
side of the pit, piezometer GLDO004 close to the inferred extent of the vein
system shows slight vertical upward flows from the andesite to the
ignimbrites. Piezometer P79 to the southwest of the pit indicates minor
gradual drawdown of the andesites, however groundwater is still present in
the monitored levels of the andesites. GLD004 indicates that the veins to the
south may not be dewatered. P79 indicates partially dewatering in the
andesites with limited hydraulic connection to the vein system is indicated by
the lack of drawdown.

GHD (Ref. 37) expected that Stage 1 of the Gladstone Open Pit will already
be fully dewatered in the andesites (near to the vein). Stage 2 which extends
partially into Winner Hill, may only be partially dewatered along the vein, and
in the andesites.

The pit is expected to have some drawdown effects in the shallow groundwater
system around the pit, however these effects diminish away from the pit. The
extent of the dewatering in younger volcanics is estimated by GHD (Ref. 37).
The extent of dewatering effects in the shallow groundwater system is
presented by GHD (Ref. 37) as distance drawdown graphs. In summary the
groundwater drawdown at the edge of the pit varies between 3 to 8 m and the
drawdown zone of influence extends up to 290 m. The Ohinemuri River is
approximately 185m from the pit on its southwest extent. The Ohinemuri
River is expected to control the shallow groundwater to the south of the river.

GHD (Ref. 37) has assumed that there will be a strong hydraulic connection
along the Gladstone vein system which will allow the vein to dewater to the
pit floor level of RL1005m. They consider that the drawdown extent will be
similar to the extent indicated by P60 (fully drawn down) to GLDO04 (not
drawn down), however the maximum depth of drawdown will now shift 180 m
to the southwest along the vein to the bottom of Gladstone Open Pit
(RL1005m). GHD indicated no material reduction on the Ohinemuri River
flows, attributed to the separation of the shallow and deep groundwater
systems. They have indicated the likely extent of drawdown effects in the
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deeper andesite in Figure 3.14 of their report (Ref. 37). As there may be some
drawdown of the vein system beneath at the Ohinemuri River they have
assessed the effect on groundwater from vein dewatering. This is shown in
Figure 3.13 of the GHD report (Ref. 37). This drawdown has been considered
in the assessment of potential settlement effect in this report (Section 6.1.1).

4.5.2. Wharekirauponga Access Tunnel

GWS (Ref. 36) assessed the groundwater effects of the Wharekirauponga
Access Tunnel from the Processing Plant to the start of the Wharekirauponga
Dual Tunnel at Willows Farm. The tunnel will cause depressurisation of the
andesite where not already depressurised by underground working. Where the
Wharekirauponga Access Tunnel (decline) is passing Favona Underground in
the andesite the ground water is indicated by monitoring to have been drawn
down. No further drawdown effects are expected over the length of the decline
in andesite.

Any sections of the decline which intersect the younger volcanic (ignimbrite)
deposits can be expected to draw down the shallow groundwater system,
which is not currently affected by the Favona Underground. OGNZL will use
grouting methods at these sections of the decline to limit shallow groundwater
inflow from the ignimbrites or undertake investigations to confirm any effects
would not extend to reach any properties.

The proposed Wharekirauponga Access Tunnel corridor east of Waihi East is
expected to pass at depth through andesite rock and therefore no notable
drawdown of the overlying perched groundwater system in the younger
volcanics is expected. Further investigation is required to confirm the tunnel
will pass Waihi East within the andesite.

GWS highlighted (Ref. 36) the younger andesite is present in the mid-section
of the tunnel alignment due to being in a down thrown block that is bounded
by regional scale faults, and that it is expected that there will be fracture zones
associated with these faults and that ground conditions will be weaker than the
general andesite rockmass.

Where the tunnel passes these faults zones or veins in the andesite they may
already be partially drained. EGL recommends installation of piezometers to
determine the groundwater situation prior to the tunnel being drilled. These
piezometers will follow the standard practice for Waihi East where piezometer
tips are positioned in the shallow alluvium, deeper younger volcanics,
weathered andesite and deeper andesite. They are also recommended to allow
interpretation of the response of the groundwater system to tunnelling. If there
is drawdown in the shallow groundwater systems, the tunnel will have to be
pre-grouted with a curtain anywhere the tunnel is likely to draw considerable
groundwater, which is most likely to be around faults or veins. If the
weathered surface of the andesite was not present, much more extensive pre-
grouting could be required, however, this is unlikely given the wider spread
drawdown of andesite and monitoring to date in Waihi.
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45.3. Willows Access Tunnel

GWS (Ref. 36) assessed the groundwater effects for the decline for the
Willows Access Tunnel and Willows Ventilation Shaft based on ground
investigations by Golder (Ref. 38) and GHD (Ref. 28). The site has relatively
steep topography sloping down to the Mataura Stream. The wells indicated at
higher elevations the water table is tens of meters below ground level. At
lower elevations the depth to groundwater is between 1 to 5 m. Perching of
groundwater is noted to occur in the shallow materials overlying the volcanic
rockmass.

The portal cut will be at higher elevations and is expected to have only local
drawdown in the rock which it is cut.

In-situ permeability testing was undertaken as part of the investigations by
GHD and Golder (Ref. 38). GWS (Ref. 36) summarised that the andesite,
which is the main geological unit the access tunnel is to be driven through, has
a permeability of approximately 3.0 x 10 m/s and is similar to that adopted
elsewhere in Waihi. GWS (Ref. 36) noted given the rockmass dewatered by
the tunnel is of low permeability, any associated dewatering effects are
expected to be limited. GWS (Ref. 36) assessed the potential groundwater
drawdown profile above the tunnel. The estimated drawdown was 3.5 m above
the tunnel with no discernible drawdown 600 m from the tunnel. They noted
most of this effect would be within Willows Road Farm. The closest dwellings
not owned by OGNZL are on Willows Road and Highland Road. Both are
over 600 m from the decline access tunnel. The Willows Access Tunnel passes
beneath the proposed Willows Rock Stack.

4.5.4. Wharekirauponga Dual Tunnel

The Wharekirauponga Dual Tunnel from Willows Access Tunnel to the WUG
site is at depth (approximately 130m to 420m) within andesite rock.

GWS (Ref. 36) notes that any drainage effects will be localised to around the
tunnel, and they will not manifest in the near surface due to the relative depth
of the tunnel. They note no intrusive groundwater investigations along the
tunnel alignment have been undertaken and this is considered justified based
on the geology being similar to that at Waihi and the proposed mitigating
tunnelling methodology that will ensure drainage effects are managed. This
includes pre-grouting of any high inflow zones and allowing only rockmass
drainage to occur. Geotechnical boreholes will be drilled ahead of the tunnel
in advance to give prior warning of geotechnical and groundwater conditions.

45.5. WUG - Mine drives, shafts and stopes

The host rock at WUG is rhyolite flows and pyroclastic deposits. The rhyolite
overlies andesite. Permeabilities within the rhyolites are currently understood
to be higher than the andesites (Ref. 41). Detailed investigation and modelling
will continue to develop this knowledge.
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The current assumption is that the host rhyolites will be dewatered to the full
depth of the WUG mine and shallow surficial groundwater systems will be
protected with measures to avoid effects at the surface (restricting mining
within a certain distance of the ground surface or geological units, grouting to
restrict seepage).

45.6. Ventilation shafts

GWS (Ref. 41) assessed the potential for groundwater drawdown with
distance from the ventilation shafts (at Willows Road and WUG) for the
purposed of making a general assessment of ground settlement. The
assessment assumes drawdown for 40 days until the ventilation shafts can be
lined (with sprayed concrete). Estimated drawdown of the groundwater at the
vent shafts ranged from 40 to 70 mbgl.

5.0 GROUND SETTLEMENT MEASUREMENTS AND PREDICTIONS

5.1. Settlement effects 1989 to 2024

Ground settlement measurements have been made around the Martha Open Pit and
throughout Waihi since 1989. Six monthly surveys have been undertaken as required
by condition 11 of the Mining Licence, condition 9 of Water Permit 971286 and
conditions 5 to 7 of resource consent 124860. The locations of the settlement markers
where settlement measurements are made are shown in Figure 47 to Figure 50.

Land Use Consent (N0.97/98-015, Condition 3.30g) granted in 1999 refers to Figure
8 of the evidence presented by Dr R. Semple to the Environment Court in 1998 (Ref.
2). Seven zones (Zones 1 to 7) are identified in Figure 8 of this evidence and a copy of
this figure is attached (refer to Figure 50 in this report). The seven zones are intended
to represent areas of different magnitude of settlement. The zone boundaries were
based on settlement monitoring up to 1997, site geology and distance from the pit.
Generally, settlements within the different zones have been relatively consistent.
However, there are some settlement markers that do not fit with the zones they are
currently associated with. In 2018, EGL reviewed and updated the zonation for Project
Martha taking into consideration of the monitoring data since 1997. This is shown in
Figure 51.

The monitoring data show that some of the settlement markers indicate greater
settlements than their zone category. These are noted in the annual dewatering and
settlement report. The latest figure noting these locations is included in this report in
Figure 52.

The results of settlement monitoring for Zones 1 to 7 are presented in Figure 53 to
Figure 61. The settlement data indicate general trends, either showing gradual slow
settlement over time or more notable response to specific stages of groundwater
drawdown.

Figure 47 to Figure 49 show that generally, settlements decrease with distance from
Martha Pit, except for the area of Favona Underground. Settlements are greatest near
the perimeter of the pit on its east side where the younger volcanic are deeper.
Settlements in this area (Zone 7) are currently up to approximately 300 mm (Figure
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61). Settlement reduces away from the pit, however there is still recorded settlement
greater than 20 mm up to 2.9 km from the pit indicating the depressurisation has some
slight influence in the deep andesite for a notable distance. This slight depressurisation
at depth is of no material effect.

Comparison of settlements with groundwater levels indicates that with ongoing
dewatering, settlement has continued. The settlement typically follows a general trend
rather than a rapid response to changes in the drawdown rate. However, Favona
Underground dewatering has affected groundwater levels and settlement in its vicinity,
at different rates than dewatering around the Martha vein system.

Dewatering at Favona Underground from 2005 to 2008 was notably faster than
dewatering for Martha Open Pit over the same period. The dewatering of Favona
Decline and Martha System are shown together on Figure 4 and Figure 59. Settlements
in Zone 5 at Favona (Figure 59) were also at a greater rate than the rest of Zone 5
(Figure 58) over this time. Notably this rapid drawdown of groundwater at Favona
Underground did not affect other areas of Zone 5, which were likely already drawdown
to lower levels or were not connected to the Favona vein system.

There was a significant change in pit water level from November 2010 to November
2011. In general, settlement markers (refer Figure 53 to Figure 61) either showed no
noticeable or only a very small increase in the rate of settlement. Where there was a
change in rate of settlement it occurred either immediately or within one month
following the change in pit water level. However, the rates of settlement reduced to
their original levels in approximately six months.

Notably settlements continued at Favona until 2014 when underground mining of
stopes was completed (see Figure 59). At this point the settlement rate slowed till
November 2017.

Ground above Favona Underground (Figure 59) has shown a more notable settlement
rate when water levels were further drawn down from Correnso Underground,
approximately 75m, between November 2017 to January 2019. This indicates that
there is now likely some connection between the andesite around the Martha veins and
the Favona veins or underground. Dewatering of the Martha veins through the Martha
Underground may result in further settlement at Favona, however, further monitoring
data is required to confirm.

Settlements show a slower response to pit dewatering with increasing distance from
the Martha Open Pit and underground mines, as shown by settlement measurements
in Zones 1, 2 and 3 (refer to Figure 53, Figure 54, and Figure 55). At these locations
settlements are much smaller and the rate of settlement is more uniform with time.
Smaller settlements are expected because groundwater drawdown away from the
Martha Open Pit and underground mines is less and the rate of settlement is more
uniform with time due to the slower rate of depressurisation of the andesite rock mass
away from depressurised veins.

Settlements have continued to occur, albeit at very slow rates (typically 0.1-1 mm per
year), during periods when mine water levels have not changed significantly (July
1998 to January 2000 and November 2006 to November 2010). The most likely
explanation is ongoing drainage of the andesite rock mass, with slow depressurisation
of the rock away from the vein system occurring due to its low permeability.
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Condition 7 of resource consent 12860 (and previously condition 10 of the Water
Permit 971286) requires that tilt be assessed based on the six-monthly settlement
survey data and reported in the Annual Dewatering and Settlement Monitoring report
(Ref.6). Tilt gradients are generally very low, less than 1:1,000, in the area of the Waihi
township. Tilt of less than 1:1,000 is well below the gradient that would give rise to
concern for structures. Over Favona Underground there have been tilts with gradients
greater than 1:1,000, however there are no structures in this area, so is not of concern.
The area of greater tilts over Favona Underground appear to be limited, potentially by
the Favona Fault on the west side of Favona Underground.

5.2. Project Martha settlement effects

The further dewatering to RL500m of the Project Martha underground will have
minimal effect on any ongoing settlement in the upper andesite or younger volcanics.
However, it will result in additional depressurisation and settlement of the deeper
andesite rock mass. These settlement effects can be expected in the general areas of
previously experienced settlement.

New settlement trigger levels for each settlement zone were set for Project Martha and
are shown in Figure 51. These were determined by projecting observed settlements
using the settlement trends determined using numerical models. These settlement
trigger levels are also plotted on Figure 53 to Figure 61. The settlement trigger level
for Zone 7 for Project Martha is 540 mm immediately east of Martha Open Pit. Around
Favona and Gladstone, Zones 4 and 5 are specified with a settlement trigger level of
160 mm and 260 mm respectively.

5.3. Settlement exceptions to predictions

Generally, settlements have been in-line with expectations. Where there have been
exceptions they have been investigated and in all cases there have been explanations.
These are discussed in the following sections.

5.3.1. Gladstone Road

Settlement occurred in 2012 causing damage to some dwellings in Gladstone
Road to the east of the Martha Open Pit. Differential ground settlements (tilts)
were the cause of the damage, and investigations confirmed the settlement was
a result of dewatering of the younger volcanic deposits in this area caused by
a deep geotechnical drillhole (CGDO008) not being properly grouted, which
allowed groundwater to leak into the lower strata. Following re-grouting of
the drillhole the ground water was restored to the original levels and the land
rebounded quickly close to original levels.

5.3.2. Slevin Street

Since May 2015 the tilt between marks 20C and 20D (near Slevin Street)
(Figure 49) has at times been greater than 1:1,000. OGNZL understands the
settlement to be unrelated to dewatering associated with the current project. It
is considered to be due to the weak nature of the ground and the presence of
unfilled stopes in the old underground Martha Mine that underlie the area. The
area is near a high hazard zone identified by GNS (Ref. 42). Slevin Park is a
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swampy area, historically infilled with weak material where
slumping/subsidence has occurred previously. No damage to any dwellings
has occurred. The closest dwelling to the affected area is 95 m away.

5.3.3. Correnso Area

Two tilt calculations greater than 1:1,000 in the Correnso South area were
identified during the May 2020 survey and remain in the November 2021
survey. The tilts are between marks 23C/2.25 and 23C/BANK1 (Figure 49).
Both tilts are due to a sharp increase in settlement of mark 23C in the May
2020 survey. The mark is noted by the surveyor as being near a watercourse.
The mark may have been influenced by improved drainage nearby or may
have been disturbed. The rate of settlement recorded at 23C in subsequent
survey events has been similar to nearby marks, indicating that increased
settlement at this point, if it were occurring, is not ongoing.

5.3.4. Favona Underground Mine

Settlements above the Favona Underground have been greater than originally
predicted and tilts have exceeded 1 in 1,000 at five locations. The locations
are directly above the underground workings and vein system on farmland
owned by OGNZL. No buildings have been affected. The closest dwelling is
on OGNZL owned land and is within 30 m of the recorded tilts. The nearest
non-OGNZL dwelling is approximately 120 m from any tilts greater than
1:1,000. The original settlement estimates only considered settlements in the
younger volcanic deposits (Ref. 3). If allowance is made for settlement in the
geologic units that underlie the younger volcanic deposits (i.e. hydrothermal
tuff, hydrothermal breccia, andesite and dacite) then the predicted settlements
are closer to the measured settlements.

6.0 ASSESSMENT OF GROUND SETTLEMENT EFFECTS - WAIHI NORTH
PROJECT

6.1. General

Prior to commencement of mining in 1987 and subsequently again in 1997 (Ref. 2),
theoretical predictions of the future ground settlements due to mine dewatering were
made. Since then, throughout the life of the mine, ground settlements have been
measured at six-monthly intervals at hundreds of locations in Waihi township. The
large number of settlement observations, spanning some 34 years, provides a reliable
database for estimating likely future settlements associated with further dewatering.
The monitoring undertaken at Waihi makes it one of the best monitored sites in New
Zealand and provides an excellent database for predicting future settlements.

Assessment of ground settlement is based on both review of past settlement trends and
theoretical calculations (where relevant).

Past assessment for Project Martha (Ref. 7) has set the ongoing settlement trigger
levels for the seven settlement monitoring zones (refer to Table 1 and Figure 51).
Settlement trigger levels are set to drive review of settlements which may be higher
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than expected, to check that there are no adverse effects occurring. Settlement
predictions were based on the observed settlements trends extended for the potential
dewatering effects of Project Martha. This approach follows two key steps:

1.

First step is to set up simplified calculations/models to compare theoretical
predictions with past recorded groundwater levels and ground settlement.
Theoretical prediction models can then be adjusted to better match past predictions
and to then aid future estimation of settlements, where the mechanisms involved
are similar.

Second step is to use the adjusted theoretical models to estimate the settlement
effects of dewatering caused by future developments.

The theoretical predictions are possible at Waihi because:

There is strong correlation between groundwater levels and observed settlement
which allows theoretical models to be essentially calibrated against the observed
effects.

Limited dewatering of the shallow groundwater and younger volcanics has
occurred and limited future dewatering of these materials is predicted. Modelling
of tilt due to changes in general groundwater profiles, depressurisation and geology
can be broadly estimated, but cannot reliably predict notable tilts due to localised
dewatering at shallow depths.

The additional settlement effects due to Waihi North Project have been assessed
separately for:

Potential dewatering of the Gladstone vein south of GOP

Potential additional dewatering of the andesite rock due to the proposed MUG
decline in andesite beneath Moore Street

Potential dewatering of the ignimbrite between the Wharekirauponga Access
Tunnel decline and Boyd Road and Barry Road

Potential dewatering of the andesite veins and rock mass not already dewatered
caused by the development of the Wharekirauponga Access Tunnel behind Waihi
East

Depressurisation around the Willows Access Tunnel

Dewatering around ventilations shafts

Dewatering due to the development of WUG

Calculations for the estimates of settlement have been undertaken using the GeoStudio
2D finite element analysis (FEA) programs, SEEP/W and SIGMA/W.

6.1.1. Gladstone vein dewatering south of GOP

Calculation of seepage and settlement has been undertaken for a representative
profile south of the Gladstone Open Pit where there could be veins connected
with the pit that may extend some limited distance beneath the Ohinemuri
River. The assessment was undertaken to estimate the potential additional
settlement and tilt around the Heath Road area.

The SEEP/W model of the ground and groundwater parameters for GOP were
provided by GHD (Ref. 37). This assumes full vein drawdown to match the
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level of the pit floor (RL1005m). The change in groundwater is assessed
against a current condition with the groundwater approximately at the river
level with a slight upward flow from the andesite to the river indicated by
GLDO004 piezometers. The model assumes that the weathered andesite at the
interface has a lower permeability than the overlying ignimbrites and fresher
andesite rock beneath. The modelled drawdown of the groundwater in the
ignimbrites by GHD is up to 4 m over the vein position. Depressurisation in
the andesite is concentrated around the vein with a steep draw down profile
modelled down to RL1005m or 80 m below the current water level in the vein.

The stiffness values used in the settlement calculations were selected by EGL.
A stiffness value (young modulus) of 1,000 MPa was initially selected for
ignimbrite profile which is the stiffness value used at Waihi East (Ref. 7) for
softer rocks typical of the younger volcanics (for the purpose of estimating
settlement). 2,000 MPa was used for the weathered andesite and 8,400 MPa
for the slightly to unweathered andesite. The calculations are summarised in
Appendix A. For the vein dewatering associated with Gladstone Open Pit
excavation, the average modelled settlement was 36 mm, and the additional
tilt effects were very low at 1:4800. Approximately 10 to 20 % of the
calculated settlement is attributable to settlement in the ignimbrites and the
remaining 80 to 90 % in the andesites. For the assessment of effects,
settlement south of the Ohinemuri River can be expected to be in the order of
10 to 50 mm with very low additional tilts.

The settlement points (1.12A, 1.22, 1.25) south of GOP were reviewed against
the trigger limits for monitoring plan zonation (Figure 62). The settlement in
November 2021 in Zone 3 is between 45 and 75 mm. The settlement trigger
limit for Zone 3 is 95 mm. The settlements in November are 47 to 78 % of the
trigger level, with 73 % of the currently proposed drawdown in the Waihi vein
systems undertaken.

The settlement (at points 1.26 and AP100) south of GOP in November 2021
in Zone 4 is approximately 110 mm (Figure 63). The settlement trigger limit
for Zone 4 is 160 mm. The settlements in November 2021 were 69 % of the
trigger level, with 73 % of the currently proposed drawdown in the Waihi vein
systems undertaken.

Notably, settlements south of GOP have followed a relatively consistent trend
with time as the Martha and Favona vein systems have been progressively
dewatered, and the level of groundwater drawdown proposed for GOP is much
less. The vein is indicated to have limited extent (Ref. 37), ending
approximately at the Ohinemuri River. Overall, the extent of potential
additional settlement from GOP is expected to diminish towards Heath Road
and settlements associated with Martha dewatering are expected to continue.

For the Heath Road area it is proposed that the settlement zonation remains
the same (Zone 3 and 4) and additional monitoring points be added near to the
existing dwellings to provide forward warning of any unforeseen settlement
effects. GLDO04 piezometers are already in place close to the end of the
Gladstone vein on the north side of Ohinemuri River to provide indication of
dewatering effects in the ignimbrite and andesite. EGL recommends that
additional settlement monitoring points are also included in Clarke Street to
monitor for any effects southwest of GOP.
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Settlements can also be expected close to GOP from dewatering of the
younger volcanics and andesite close to the existing Gladstone Hill. Past
settlements in this area have been on the order of 120 to 200 mm on the west
and north sides of Gladstone Hill due to dewatering caused by Favona and
Trio Underground developments. The areas to the north are already
dewatered. Settlement around the south and east side of Gladstone Hill can be
expected to be of a similar magnitude. The Processing Plant contains the only
structures close to the pit and has experienced settlement due to the Favona
dewatering. It is noted that on the west side of Gladstone Hill is a surficial
landslide feature in extremely weak ignimbrites and tuffs which has recorded
up to 540 mm of settlement. These settlements can be expected to continue
and are likely a combination of surficial downslope movement and drawdown
settlement. A series of additional settlement monitoring points around the
remaining Gladstone Hill are recommended to provide an understanding of
the settlement effects close to the pit, noting that the pit is proposed to become
a TSF on closure (Ref. 1).

EGL recommends that the settlement zones around GOP and over Union Hill
are adjusted to remove Zone 1. Zone 1 is no longer representative of the
settlement levels in this area. Proposed adjustments are shown on Figure 66
and Figure 609.

6.1.2. Potential dewatering in the andesite by the MUG decline

The Gladstone Open Pit will require the existing Favona portal (access to
MUG) and associated decline to be relocated. OGNZL is considering two
options, one of which will be developed to provide a replacement portal in
GOP, and a short length of new decline to link that portal to the existing
underground workings to provide access to MUG. The other is a portal
established just north of the existing conveyor, with the new decline running
under the southern end of Moore Street linking into the existing development
under Union Hill. This assessment considers the option of a portal north of the
conveyor. The alternative portal and decline option, sited within the Gladstone
Open Pit, remains south of the existing conveyor, and is not overlain by any
built infrastructure. Any related settlement effects on privately or publicly
owned property would therefore be of lesser effect than the portal north of the
conveyor.

The area of the proposed MUG Decline option under Moore Street is partially
depressurised in the andesite, possibly by the incline between Favona
Underground and Trio Underground at RL823m, the Favona Underground,
existing Favona Decline to the east, the existing Trio Decline to the South, or
the dewatering of the interconnected Martha vein system. The proposed MUG
Decline will be at RL1115m to RL1040m, a much shallower depth than the
incline at RL823. The decline might intersect historic workings and also might
intersect the top of the No. 9 fault/vein structure. The OGNZL geological
model for the area indicates that the overlying younger volcanics (ignimbrites
and tuffs) interface with the andesites at RL1074m. The proposed decline will
come close to younger volcanics and historic workings which are interpreted
to extend back to Moore Street, Boyd Road and Barry Road area. This presents
a risk of dewatering the younger volcanics and this risk will be mitigated by
OGNZL.

File: WAI-985-000-REP-LC-0050-Rev2.docx
This report shall only be read in its entirety.



EGL Ref: 9049

6.1.3.

14 February 2025 Page 25

Mitigation includes grouting methods to limit groundwater inflows into the
decline prior to construction and post-grouting if inflows continue at
unacceptable levels Re-injection of captured groundwater can also be used as
a mitigation option to maintain groundwater levels in the younger volcanics.
Alternatively, it may be possible to avoid the younger volcanics completely
be refining the decline alignment and level so to stay completely within the
andesite.

Experience from the development of the initial section of the Favona Decline
is that the additional settlements could be in order of 10 to 50 mm locally
above the decline, if the decline remains in the andesite and assuming the
younger volcanics are not drained.

Additional settlement monitoring points are recommended in Moore Street, to
provide a closer network of points. Piezometers in borehole P75 and P76
already monitor groundwater levels in this area, however, an additional
piezometer is recommended closer to the location of the decline to monitor
the current groundwater levels above the decline and any future effects.

Wharekirauponga Access Tunnel decline behind Boyd Road and Barry
Road

The location of the Wharekirauponga Access Tunnel decline (i.e. southern end
of Wharekirauponga Access Tunnel) is above the Favona Underground. The
andesite in this area is already dewatered and settlements and tilts have
occurred, however, no dwellings are present in the area with greatest effects.

There is potential for the Wharekirauponga Access Tunnel decline to intersect
the younger volcanics (ignimbrites) which potentially connect with
ignimbrites at Boyd and Barry Road. The potential for intersection is
illustrated by the cross section along the start of the decline shown on Figure
21 (Ref. 40), where the extended path of the top of the decline is close to the
base of the younger volcanics (ignimbrites and tuffs). This could dewater the
younger volcanics, and there is a risk this could cause settlement effects at
Boyd Road and eastern end of Barry Road. This risk needs to be managed and
where required mitigated by OGNZL.

Mitigation options includes grouting methods to limit groundwater inflows
into the decline prior to construction and post-grouting if inflows continue at
unacceptable levels. Re-injection of captured groundwater can also be used as
a mitigation option to maintain groundwater levels in the younger volcanics.
Alternatively, it may be possible to avoid the younger volcanics completely
be refining the decline alignment and level so to stay completely within the
andesite.

No calculations of potential settlements have been undertaken for the decline.
Any effects from the decline can be limited to the existing settlement and tilt
area above Favona Underground, through the mitigation measures discussed
above.

Some settlement points over Favona Underground are starting to exceed the
settlement trigger levels for Zone 5 (see Figure 59). Review of the settlement
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values over Favona Underground indicated an increase in settlement after the
completion of mining at Favona in 2014. This is likely a delayed settlement
response to the Correnso dewatering to RL705m. The settlement increased
around 2017 and has slowed around 2020. This indicates some form of
hydraulic link to dewatering of the Martha vein system.

EGL recommends that the area expected to exceed the Zone 5 trigger limits is
redefined as Zone 6. Proposed adjustments are shown on Figure 66 and Figure
69. In this area, tilt greater than 1:1,000 occurs. No private structures are
affected. This tilt is currently reviewed at six-month intervals. Continuing this
review is prudent to make sure that the tilts do not extend to the privately
owned dwellings in Boyd and Barry Road, with continued dewatering for
Martha Underground and with the development of the Wharekirauponga
Access Tunnel proposed.

Boyd Road and Barry Road are in settlement monitoring Zone 4. The
settlement trigger level is 160 mm. Settlements in the area, away from the
effects of Favona Underground, are typically 90 to 110 mm. The settlements
in November 2021 were 56 to 69 % of the trigger level, with 73 % of the
currently proposed drawdown in the Waihi vein systems undertaken. Keeping
the Zone 4 settlement trigger level in this area is recommended.

Additional settlement monitoring points are recommended along Boyd Road
to provide monitoring of any progression of tilts away from the Favona
Underground.

6.1.4. Wharekirauponga Access Tunnel east of Waihi East

Calculations of potential seepage and settlement have been undertaken for a
representative profile east of the Waihi Township where the Wharekirauponga
Access Tunnel will be developed. This area covers settlement Zones 1, 3, and
4. The assessment was undertaken to estimate the potential additional
settlement and tilt that could be expected.

The modelling provided estimates of settlements due to dewatering to
RL940m, approximately the expected low point of the tunnel. In the model
the tunnel is in the fresh andesite with a 50 m thick weathered andesite directly
overtop which provides notable hydraulic separation from the younger
volcanics. Two different situations were considered:

1. With the tunnel causing local depressurisation around the tunnel in the
andesite rock mass
2. With the tunnel causing local depressurisation in multiple veins

The setup of these models is similar to the previous modelling done for Waihi
East as part of Project Martha, however, they assume that there is no previous
depressurisation of groundwater in this area. Settlement monitoring indicates
there is some depressurisation in this area already, however it is not known to
what extent. For the same conditions, the modelled groundwater
depressurisation is likely to be greater than actual, and therefore the modelled
settlements may be higher than actual, for this reason.
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The average modelled settlements for the depressurisation around the tunnel
in the general andesite rockmass is negligible at 8 mm.

The average modelled settlements from potential vein or fault drawdown due
to seepage into the tunnel is 85 mm.

The additional tilt due to the Wharekirauponga Access Tunnel dewatering
effects are very low (1:6,400 to 1:19,000) due to its depth and indicate any
related potential for damage to structures is low.

For this assessment of effects settlements from the Wharekirauponga Access
Tunnel east of Waihi East are expected to be in the order of 10 to 100 mm,
depending on the length of the tunnel and the geological structures it passes.
If the shallow water table is not affected, tilts will be very small.

EGL recommends that the Wharekirauponga Access Tunnel alignment
remains in the andesite. Like Correnso Underground, a 40 m minimum offset
from the interface between the top of the andesite and top of the tunnel
workings could be required as a consent condition. Further investigation of
the tunnel alignment would be required ahead of construction to confirm the
offset is achieved.

Increased settlement monitoring and groundwater monitoring s
recommended over the tunnel alignment. The increased monitoring reflects
good practice in managing any risks associated with potential dewatering of
the andesite and fault structures along the back of Waihi East.

Groundwater monitoring in the form of nested piezometers (like the P90 and
P100 series holes in the area of Correnso Underground) is recommended at
regular intervals along the tunnel alignment. Dewatering in the younger
volcanics has been found in the past to be a good indicator of potential
settlement issues (see Section 5.3.3).

The No. 9 Fault structure extends from the MUG decline to the
Wharekirauponga Access Tunnel behind Waihi East (See Figure 39) and
passes beneath privately owned dwellings. It is assumed that it is partially
dewatered by the RL823m incline between Favona Underground and Trio
Underground. A piezometer borehole in this area is recommended.

EGL recommends that Zones 2 and 3 are extended partially up SH2 as shown
on Figure 66 and Figure 69 to allow for the additional settlement from the
Wharekirauponga Access Tunnel at depth in the andesite rock.

6.1.5. Depressurisation around the Willows Access Tunnel and
Wharekirauponga Dual Tunnel

The Willows Access Tunnel and Dual Access Tunnel to the WUG will be in
andesite. Where the tunnel is at depth, average settlements and tilts at the
surface are expected to be small. An assessment of potential magnitude of
settlement was made for the tunnel when it is at 120 m depth. Most of the
depressurisation is within the andesites. The stiffness applied to the regolith
(alluvium, ash, residual soil) and weathered surface of the andesite was
1,000 MPa (this is a simplification assuming that the shallow groundwater is
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perched above the andesite), and the stiffness of the unweathered andesites
was assumed to be 8,400 MPa. The calculated maximum settlement was
10 mm, and the tilt was 1:15,000. This is a small settlement owing to localised
depressurisation in the tunnel at depth and the stiffness applied to the andesite.
The stiffness of the andesite could be less. For example, if the stiffness was
half the settlements would approximately double. This would still be a small
settlement.

As a comparison the settlement calculated for the Wharekirauponga Access
Tunnel in the andesite rock mass was 8 mm at the surface (see Section 6.1.4)
for a tunnel depth of approximately 160 m. For the Wharekirauponga Access
Tunnel the potential for the tunnel to drain multiple veins of fault structures
and result in more widespread dewatering of the andesite was considered and
this indicated 85 mm of settlement, with very low tilt. It is likely that the access
tunnel will pass through vein and fault structures and settlements could be
higher.

To conclude, settlements from the Wharekirauponga Dual Tunnel and
Willows Access Tunnel to WUG are expected to be in the order of 10 to
100 mm, and if the shallow water table is not affected tilts will be very small.
There are no buildings near to the access tunnel which could be affected by
the effects of access tunnel and any settlement or tilt will not have any
noticeable effect on farmland or forest environments.

A network of piezometers has already been installed at Willows Farm.

EGL recommends that the town settlement monitoring network is extended up
Willows Road and Highland Road to the privately-owned dwellings at the end
of these roads.

No settlement monitoring is required above the decline and access tunnel
alignments, as it passes under farmland and forest. Any settlement is not
expected to have any effects at the surface for these land uses.

Dewatering around ventilations shafts

Potential settlements around the vent shafts located at Willows Road and
WUG can be expected due to construction or long-term seepage into the vents.
The seepage could be from local drawdown of local perched water tables, and
drawdown of deeper groundwater. Settlement effects are expected to be
greatest close to the ventilation shafts where the drawdown profile is the
greatest.

Simplified models of groundwater drawdown were developed by GWS, and
EGL applied selected stiffness profiles to two profiles (see Appendix A). The
two stiffness profiles considered were for the shaft at Willows Farm (Shaft 1
— 200 m deep) and the first shaft out at WUG (Shaft 2 — 320 m deep). Shaft 2
is the deepest at WUG and is the only shaft with current borehole information.
The applied maximum drawdowns at the ventilation shafts were 50 to
65 mbgl. The calculated settlement was 75 mm at Shaft 1 and 140 mm at Shaft
2, with tilts between 1:8,200 and 1:1,400. These settlements are based on
initial profiles, which pass through materials with rock stiffnesses. If the other
ventilation shafts are located where soil is present the settlements could be
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greater. Based on the initial calculations, and observed settlements from
dewatering adjacent to Martha Pit, settlements around the ventilation shafts
are expected to be on the order of 50 to 300 mm. These settlements would
have no adverse effect on the farmland and forest area in which they would be
located. Any local depression around the ventilation shaft will only affect very
local surface water flows around the shaft and this can be managed with minor
ground profiling, so surface water does not pond against the shaft.

6.1.7. Dewatering due to the development of WUG

At WUG the drawdown of the deep groundwater will follow the underground
mining development. The proposed mine development drives reach
approximately RL850m (Waihi Mine Datum) at the East Graben Vein. The
ground level above the East Graben Vein is between RL1260m and RL1120m.
This is between 410 m and 270 m of potential drawdown.

An estimate of settlement for 380 m of drawdown was undertaken for an
assumed geological ground profile of rhyolitic pyroclastics, rhyolite flows,
and andesite flows (see Appendix A). The model was extended to a depth
twice the depth of the proposed underground and the stiffness parameters used
for the pyroclastics were assumed to be similar to the younger volcanic profile
east of Waihi and given a Young’s modulus of 1,000MPa. The stiffness of the
rhyolite and andesite flows was assumed to be 8,700MPa, which is similar to
the unweathered andesite at Waihi. The calculated settlement is 700 mm. This
calculation is undertaken to provide an understanding of the order of
magnitude of possible settlement. Actual settlements will vary across the site.

For comparison, the maximum drawdown in Waihi in 2021 was around 450 m
and the maximum settlement near to Martha Open Pit was 300 mm. However,
this area had been subject to historic dewatering so the materials are already
pre-consolidated. Further, the groundwater in the younger volcanic materials
beneath Waihi East is only partially drawn down or depressurised, whereas
for the calculation at WUG full drawdown has been assumed.

The Favona Underground area was subject to dewatering in the order of
350 m. The total settlement at Favona is around 300 mm. Favona is less likely
to have had previous dewatering consolidation, however, the younger
volcanics are less thick and not fully dewatered.

Based on the general order of magnitude of the settlement experience in
Waihi, and the calculation undertaken and presented in Appendix A, for this
assessment of effects we estimate settlements up to between 300 mm to
1,000 mm could be expected in the area of the WUG site.

Due to the hilly terrain at the WUG site, ground settlements in the order of
300 to 1,000 mm are not expected to have any material effect on stream flows
or the forest environment. The flattest stream grade is approximately 1 in 30
over a 500 m length at the north end of the East Graben Vein, based on
available topographic information. For a maximum settlement of 1m,
occurring over a distance in the order of 200 m (i.e. estimated minimum
distance from maximum to no settlement, based on the dewatering depths),
this would result in a shallowing or steepening of grade in the order of 1 in
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200. For astream at 1 in 30, a 1 in 200 grade change is very minor. A 1 in 200
tilt is also unnoticeable in a forested environment.

In summary initial ground settlement estimates in the area of WUG could be
on the order of 300 to 1000 mm, however, this is not expected to have any
material effect on stream flows or the forest environment. EGL recommend
that ongoing settlement monitoring is not required at the WUG site. Base
survey of reference points at the ventilation shafts and any drill sites will be
sufficient. Visual observation of the stream and forest environment as part of
monitoring of other environmental effects would be sufficient to check for any
unforeseen effects due to settlement.

6.1.8. Additional settlement and groundwater monitoring locations

We recommend additional monitoring (settlement points and piezometers
located in boreholes). The locations are shown in Figure 66 to Figure 69. They
will need to be reviewed and confirmed as part of the updates to the
Dewatering and Settlement Monitoring Plan. This will depend on the final
arrangement of the WNP elements i.e. confirm decline positions and depths
and the final tunnel alignment in the Wharekirauponga Access Tunnel
corridor.

7.0 REBOUND

Dewatering around the open pits and underground mines will eventually stop once mining
in the area has ceased. The area will then be allowed to re-water. The re-watering will occur
naturally, but for the areas near-Waihi, may be accelerated by the addition of water pumped
from the Ohinemuri River. Re-watering will result in the groundwater levels rising back
closer to their original levels. Rebound will occur as rising groundwater re-saturates the
ground, resulting in a reduction in effective stress within the ground. As already noted,
historical underground mining at Martha Open Pit involved dewatering of the ground to
about RL540m; approximately 40 m above the targeted RL500m for the Martha
Underground. Following the cessation of mining in 1952, groundwater levels rose back to
near original levels before modern mining started in 1989. No damage arising from historical
re-watering has been recorded.

Rebound of the ground to its original level because of rising groundwater levels is unlikely.
It is expected that rebound could be in the order of 30 % to 90 % of the settlement that has
occurred during modern mining depending on the area of town, and the level of previous
dewatering. No damage from rebound is expected as, like settlement, it occurs relatively
evenly across the same general areas. However, rebound must be monitored to confirm that
there are no unforeseen effects. It is recommended this is continued until groundwater levels
have stabilised, any rebound can be demonstrated to be 90 % complete, and there are no
known issues unresolved.
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8.0 SUMMARY OF EFFECTS, MITIGATIONS AND RECOMMENDATIONS

Overall ground settlement effects are assessed to not cause damage to any structures if
mitigations and recommendations are followed. The assessed ground settlement effects are
summarised below, followed by the mitigations and recommendations.

Assessment of ground settlement effects

e The settlement effects for the Waihi North Project are summarised below:

o Settlements can be expected around Gladstone Open Pit (GOP) (Figure 3)
from dewatering of the younger volcanics and andesite near the pit in the
order of 120 to 200 mm (see Section 6.1.1). These settlement effects are on
land near to Gladstone Open Pit owned by OGNZL.

o South of the Ohinemuri River (Figure 3) additional settlements from the
mining of GOP are assessed to be in the order of 10 to 50mm with low
additional tilts (See 6.1.1) and therefore the residential dwellings in this area
will not be damaged. Settlement monitoring is required in this area to confirm
settlement effects are as expected.

o The proposed Martha Underground (MUG) Decline (Figure 3) is expected to
cause additional localised depressurisation of the andesite and additional
settlements in the order of 10 to 50 mm locally above the decline (See
Section 6.1.2). There are no structures above the decline at risk. The proposed
decline potentially intersects historic workings and the interface of the
andesite with the younger volcanics. Drawdown of groundwater in the
younger volcanics and historic workings presents a risk, if not mitigated, of
more notable settlement and tilt which could potentially extend to Moore
Street, Boyd Road and Barry Road (Figure 3) where there are residential
dwellings. Residential dwellings in Moore Street, Boyd Road and Barry Road
that are not owned by the company are at least 190m distance (in plan) from
the proposed MUG Decline. Historic workings on record at the potential level
of intersection only extend 90 m (i.e. part of the way) towards the dwellings
in Barry Road. OGNZL owns the properties between the proposed MUG
Decline and the non-company owned residential dwellings . There are
mitigation options available that OGNZL will implement in response to
groundwater drawdown or settlement of the younger volcanics as part of a
specific Trigger Action Response Plan. Additional settlement and
groundwater monitoring is required in this area.

o The Wharekirauponga Access Tunnel decline (Figure 3) length, starting from
the WUG Portal and extending north past Barry Road, potentially comes
close to the younger volcanics. It could cause settlement effects affecting
dwellings at Boyd Road and at the eastern end of Barry Road, if the potential
for dewatering of the younger volcanics occurs and is not mitigated (See
Section 6.1.3). OGNZL owns the land between Boyd Road and the proposed
tunnel corridor and the land within the tunnel corridor immediately north and
south of Barry Road. There are mitigation options available that OGNZL will
implement in response to groundwater drawdown or settlement of the
younger volcanics as part of a specific Trigger Action Response Plan.
Additional settlement and groundwater monitoring is required in this area.
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o The additional settlements from the Wharekirauponga Access Tunnel east of
Waihi East (Figure 2) are expected to be in the order of 10 to 100 mm,
depending on the geological structures it passes through. The tunnel east of
Waihi East is to be located at depth in andesite rock and the shallow water
table in the younger volcanics is not expected to be materially affected.
Therefore, any additional tilts in this area will be very small (see
Section 6.1.4) and the residential dwellings in this area will not be damaged.
Additional settlement and groundwater monitoring is required in this area to
confirm settlement effects are as expected.

o The settlements from the Willows Access Tunnel and Wharekirauponga Dual
Tunnel (Figure 1) out to WUG are expected to be in the order of 10 to 100 mm
depending on the geological structures. The tunnel is to be located at depth
in andesite rock. There are no structures near to the Willows Access Tunnel
and Wharekirauponga Dual Tunnel which could be affected (see
Section 6.1.5).

o Settlements around the ventilation shafts (Figure 1) are expected to be in the
order of 50 to 300 mm. These settlements would have no adverse effects on
the farmland (Willows Ventilation Shaft) and forest area (WUG Ventilation
Shafts) in which they would be located (see Section 6.1.6).

o Ground settlements at the WUG site (Figure 1) are expected to be
unnoticeable as any change in level will occur gradually over hundreds of
metres resulting in small tilts or change in grade. This is because the
settlement will be caused by dewatering generally at notable depth below the
ground surface. In the middle of the settlement area, the settlements are
estimated to reach up to 300 mm to 1,000 mm depending on the ground
profile. Due to the hilly terrain at the WUG site, surface settlements of this
magnitude are not expected to have any material effects on stream flows as
the change in grade is notably less than the steepness of the terrain. As the tilt
of the ground will be small, no noticeable impact on the forest environment
is expected (see Section 6.1.7).

MUG Decline development mitigations and recommendations

e The MUG Decline could potentially dewater the shallow younger volcanics
(ignimbrites and tuffs) and cause settlement effects in Moore Street, Boyd Road and
Barry Road. EGL recommends that OGNZL manage and mitigate this risk through:

o Detailed assessment of the MUG Decline alignment.
= Avoidance of the younger volcanics may be possible through
refinement of the decline alignment and level so to stay completely
within the andesite.
= Avoidance of historic workings may be possible.

o Specific geotechnical and groundwater investigations to assist in determining
the ground conditions and groundwater profile between the decline and
closest properties. Such investigations can be undertaken on OGNZL

property.
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Monitoring of groundwater levels and ground surface settlement to detect
possible effects.

Development of Trigger Action and Response Plans (TARPS) that set
triggers and specific actions including mitigation measures if trigger levels
are exceeded.

Mitigation of groundwater inflows into the decline (as required) during
construction with grouting methods.

Mitigation of shallow groundwater drawdown by re-injection of captured
groundwater back into the ground.

Wharekirauponga Access Tunnel decline development mitigations and recommendations

The Wharekirauponga Access Tunnel decline from the WUG portal to Barry Road
could potentially dewater the shallow younger volcanics (ignimbrites and tuffs) and
cause settlement effects at Boyd Road and eastern end of Barry Road. EGL
recommends that OGNZL mitigate this risk through:

o Detailed assessment of the decline tunnel alignment to confirm options and

risks.
= Avoidance of the younger volcanics may be possible through
refinement of decline alignment and level so to stay completely within
the andesite.

Specific geotechnical and groundwater investigations to assist in determining
the ground conditions and groundwater profile between the decline and
closest properties.

Monitoring of groundwater levels and ground surface settlement to detect
possible effects.

Development of Trigger Action and Response Plans (TARPS) that set
triggers and specific actions including mitigation measures if trigger levels
are exceeded.

Mitigation of groundwater inflows into the tunnel decline (as required) during
construction with grouting methods.

Mitigation of shallow groundwater drawdown by the injection of captured
groundwater back into the ground.

Wharekirauponga Access Tunnel development mitigations and recommendations

EGL recommends that the Wharekirauponga Access Tunnel east of Waihi East is
restricted to a minimum tunnel depth of 130 m, or 40 m (Ref. 7) minimum vertical
offset from the top of the andesite/younger volcanic interface, whichever is deeper.
The minimum depth reduces the risk of tilt at the ground surface and the minimum
vertical offset reduces the risk of dewatering the younger volcanics which underlie
Waihi East. This was a condition of the Correnso Underground mine which is directly
beneath Waihi East that has been shown to be successful.
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EGL recommends that specific geotechnical and hydrogeological investigations
along the Wharekirauponga Access Tunnel length east of Waihi East are undertaken
to confirm the geotechnical and permeability conditions, and groundwater pressure
profile, and to confirm the level of the tunnel to achieve the minimum offset to the
younger volcanics. This can include surface drilled investigation boreholes, drilled
boreholes ahead of the tunnel and/or geophysical surveys.

Surface borehole drilling mitigations and recommendations

Where possible boreholes drilled from the surface should be sited away from
structures to minimise settlement risk associated with leakage of shallow
groundwater to deeper systems.

Where possible boreholes should avoid intersecting underground workings.

Grouting of all future surface-drilled holes to a depth below the top of the andesite.

General tunnel development mitigations and recommendations

Avoid intercepting existing drillholes with the tunnel operation wherever possible.

Avoid intercepting historical workings with the tunnel wherever practicable.

Drilling ahead of the tunnelling operation, to inspect for geological structures or areas

of ground that may make notable water inflows into the tunnel.

Mitigation of sustained groundwater inflows through the use of grouting methods.

Dewatering and ground settlement monitoring recommendations

Monitoring of groundwater levels and ground settlements is required to check settlements
are within estimates and there are no unforeseen effects. The dewatering and settlement
monitoring plan will be updated for the Waihi North Project. Recommendations in regard to
dewatering and ground settlement monitoring are summarised below:

Continued monitoring of dewatering and settlement as required by the expired
Mining Licence and resource consent 124860.

The settlement monitoring zones and settlement trigger limits previously proposed
for Project Martha are adjusted over the Favona Underground and locally around
Gladstone Open Pit and Wharekirauponga Access Tunnel Alignment for the Waihi
North Project.

The dewatering and settlement monitoring plan needs to be updated for the Waihi
North Project.

Groundwater monitoring piezometers provide the best early warning of potential
adverse ground settlement effects such as tilt. This was evident in the situation which
occurred in Gladstone Road related to borehole CDGO08 as described in
Section 5.3.3. EGL recommends that additional piezometers are installed along with
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the new settlement markers in areas where there are residential dwellings or other
structures not owned by OGNZL.

Recommended additional settlement monitoring markers and piezometers to
measure potential settlement effects are summarised below and in Figure 66 to Figure

69:

o

Potential dewatering of the Gladstone vein south of GOP

» Heath Road — Additional settlement points (Figure 67)
= Clarke Street — Additional settlement points (Figure 67)

Additional settlement monitoring points around Gladstone Hill to provide an
understanding of the settlement effects close to the pit.

Potential dewatering of the ignimbrite between the Wharekirauponga Access
Tunnel decline and Boyd and Barry Road.

» Boyd Road — Additional settlement points (Figure 68)

Potential additional dewatering of the andesite rock due to the proposed MUG
decline in andesite beneath Moore Street.

= Moore Street — Additional settlement points and a new piezometer
borehole (Figure 67)

Potential dewatering of the andesite veins and rock mass not already
dewatered by the development of the Wharekirauponga Access Tunnel east
of Waihi East.

= Barry Road — A new piezometer borehole adjacent to the houses in
the tunnel corridor (Figure 68)

= Mataura Road — Additional settlement points and a new piezometer
borehole in the tunnel corridor (Figure 68)

=  Wenlock Street — Additional settlement points and a new piezometer
borehole in the tunnel corridor (Figure 68)

= State Highway 25 — Additional settlement points and a new
piezometer borehole in the tunnel corridor (Figure 68)

=  Wharry Road — Additional settlement points and a new piezometer
borehole in the tunnel corridor (Figure 68)

Extension of the town settlement monitoring points out to the end of Willows Road,
Highland Road, and Reservoir Road to cover the project extent near structures.
(Figure 69)

9.0 CONCLUSIONS

EGL was engaged by OGNZL to assess the ground settlement effects from dewatering for
the Waihi North Project.

The large number of settlement observations at Waihi, spanning some 34 years, provides a
reliable database for estimating likely future settlements associated with further dewatering.

File: WAI-985-000-REP-LC-0050-Rev2.docx
This report shall only be read in its entirety.



EGL Ref: 9049 14 February 2025 Page 36

Assessment of ground settlement is based on both review of past settlement trends and
theoretical calculations (where relevant).

The assessed effects, mitigation actions and recommendations are summarised in
Section 8.0. Overall, ground settlement effects are assessed to not cause damage to any
structures, if the recommendations are followed, with appropriate mitigations where
necessary.

Monitoring of groundwater levels (dewatering) and ground settlements is required to check
settlements are within estimates and there are no unforeseen effects. The dewatering and
settlement monitoring plan will be updated for the Waihi North Project. Trigger Action and
Response Plans (TARPS) that set triggers and specific actions including mitigation measures
If trigger levels are exceeded are recommended for the MUG decline and Wharekirauponga
Access Tunnel.
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Table 1: Settlement trigger levels

Settlement | Range of Measured Predicted Range | Predicted Trigger Levels Maximum Total Trigger Levels
Zone Surface Average Surface | in Surface Average Surface | for Settlement Settlement, incl Project
Movement Settlement (mm) | Settlement (mm) | Settlement (mm) | (including Correnso Martha/Waihi
(mm) Measured | due to Mine due to the at cessation of the | dewatering for Dewatering (mm) | North Project
Dec. 1989to Dewatering Dec. | Extended Extended Mining | Trio
May 1997 1989 to May 1997 | Mining Operations Development)
Operations (mm)
1 +210-10 0 0to 10 0 25 35 55
2 +10to0 -10 0 0to 20 10 35 45 65
3 0to-25 10 0to 40 20 60 70 95
4 -151t0 -35 25 30to 80 45 110 125 160
5 -25 to -50 50 70to 130 85 175 195 260
6 -55 10 -85 65 100 to 180 120 220 240 340
7 -951t0 -125 110 180 to 260 200 350 400 540

File: WAI-985-000-REP-LC-0050-Rev2.docx

This report shall only be read in its entirety.




FIGURES

Figure 1: Waihi North Project - Site Plan 1:40,000

Figure 2:Waihi North Project - Site Plan 1:20,000

Figure 3: Waihi North Project - Site Plan 1:7500

Figure 4: Waihi North Project - Waihi Town - Dewatering and reference levels

Figure 5: Martha, Gladstone, Favona Areas - Geological Plan

Figure 6: Waihi North Project - Geological Cross Section A

Figure 7: Waihi North Project - Geological Cross Section B

Figure 8: Waihi North Project - Geological Cross Section C

Figure 9: Waihi North Project - Geological Cross Section D

Figure 10: Waihi North Project - Geological Cross Section E

Figure 11: Waihi North Project - Geological Cross Section F

Figure 12: Waihi North Project - Geological Cross Section H

Figure 13: Waihi North Project - Geological Cross Section |

Figure 14: Waihi North Project - Geological Cross Section J

Figure 15: Waihi North Project - Geological Cross Section K

Figure 16: Waihi North Project - Geological Cross Section L

Figure 17: Waihi North Project - Geological Cross Section M

Figure 18: Waihi North Project — Indicative Geological Section from Martha to Favona
Figure 19: Waihi North Project - Plan of Martha, Union and Favona Systems

Figure 20: Waihi North Project - Wharekirauponga Access Tunnel Geological Section

Figure 21: Waihi North Project - Wharekirauponga Access Tunnel decline — PSM geological
section

Figure 22:WUG Access Tunnel - Geology Plan
Figure 23: WUG Access Tunnel - Geology Plan
Figure 24: WUG Access Tunnel - Geology Plan
Figure 25: WUG Access Tunnel - Geology Plan
Figure 26: WUG Access Tunnel - Geology Plan
Figure 27: WUG Access Tunnel - Geological Section
Figure 28: WUG Access Tunnel - Geological Section
Figure 29: WUG Access Tunnel — Geological Section

File: WAI-985-000-REP-LC-0050-Rev2.docx
This report shall only be read in its entirety.



EGL Ref: 9049 14 February 2025 Page 42

Figure 30: WUG Access Tunnel — Geological Section

Figure 31: Waihi North Project - WUG Geology Plan

Figure 32: Waihi North Project - WUG Geology Cross Section
Figure 33: Waihi Piezometer Network 2021

Figure 34: Alluvium water level contours

Figure 35: Groundwater level trends - Shallow groundwater (alluvium & weathered contact of
young volcanics)

Figure 36: Deeper younger volcanic water level contours

Figure 37: Groundwater level trends - deeper younger volcanic materials

Figure 38: Andesite - younger volcanic materials contact in Martha Pit

Figure 39: Andesite water level contours

Figure 40: Groundwater level trends — Martha andesite

Figure 41: Groundwater level trends - Favona andesite

Figure 42: Piezometer readings in Borehole P2

Figure 43: Piezometer readings in Borehole P8

Figure 44: Piezometer readings in Borehole P90-95

Figure 45: Piezometer readings in Borehole P100-102

Figure 46: Favona Graben and Union Horst Piezometers

Figure 47: Ground settlement markers and contours - Waihi town plan 1:20,000

Figure 48: Ground settlement markers and contours - Waihi town plan 1:10,000

Figure 49: Ground settlement markers and contours - Waihi town plan 1:10,000

Figure 50: Plan of Settlement Zones within Waihi township as at December 1995

Figure 51: Project Martha - Settlement Zones

Figure 52: Settlement marks triggered during November 2020 survey

Figure 53: Waihi North Project - Ground Settlement Zone 1 - Settlement Trigger Level 55mm
Figure 54: Waihi North Project - Ground Settlement Zone 2 - Settlement Trigger 65mm
Figure 55: Waihi North Project - Ground Settlement Zone 3 - Settlement Trigger 95mm
Figure 56: Waihi North Project - Ground Settlement Zone 4 - Settlement Trigger Level 160mm
Figure 57: Waihi North Project - Ground Settlement Zone 5 - Settlement Trigger Level 260mm

Figure 58: Waihi North Project - Ground Settlement Zone 5 (Excl. Favona Points) Settlement
Trigger Level 260mm

File: WAI-985-000-REP-LC-0050-Rev2.docx
This report shall only be read in its entirety.



EGL Ref: 9049 14 February 2025 Page 43

Figure 59: Waihi North Project - Ground Settlement Zone 5 (Favona Point Only) - Settlement
Trigger Level 260mm

Figure 60: Waihi North Project - Ground Settlement Zone 6 - Settlement Trigger Level 340mm
Figure 61: Waihi North Project - Ground Settlement Zone 7 - Settlement Trigger Level 540mm
Figure 62: Waihi North Project - Ground Settlement Review Zone 3 South of GOP

Figure 63: Waihi North Project - Ground Settlement Review Zone 4 South of GOP

Figure 64: Waihi North Project - Ground Settlement Review Zone 4 Moore Street and Boyd Road

Figure 65: Waihi North Project — Ground Settlement Review — Points in proposed ore tunnel
corridor behind Waihi East

Figure 66: Waihi North Project - Draft arrangement of additional monitoring locations
Figure 67: Waihi North Project - Draft arrangement of additional monitoring locations
Figure 68: Waihi North Project - Draft arrangement of additional monitoring locations

Figure 69: Waihi North Project - Draft arrangement of additional monitoring locations

File: WAI-985-000-REP-LC-0050-Rev2.docx
This report shall only be read in its entirety.



Proposed WUG
consenting boundary

Proposed Wharekirauponga Dual Tunnel

Legend:
Historical mine
stopes and adits
Historical shafts
Existing UG
Proposed MUG

Notes:

Grid: Old Mount Eden Cadastral

Aerial: Waikato 0.3m Rural LINZ (2017)
Aerial Waihi: OGNZL 2017

NZ River Centrelines LINZ (2011-2021)
NZ Contours LINZ (2011-2021)

Engineering Geology Ltd
- J +64 9486 2546
& info@egl.co.nz
‘ @ Unit 7C, 331 Rosedale Road, Albany, Auckland
-]

Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752
and Dam Engineers www.egl.co.nz

Proposed Willows Road - Access Tunnel

Proposed Willows Roc!

Proposed Wharekirauponga Underground Mine (WUG)
Up to four ventilation shafts to surface

o

ﬂi,, SR

PEposedWlov_vs Portal

k Stack

= Proposed Willows Site Infrastructure :

o

Propsed

MOP)

d Conveyor &4
3% % e “'-[1)‘3": i

aihi Processing Plant

sed Storage 3

OCEANA GOLD (NEW ZEALAND) LIMITED
Waihi: North Project
Site Plan 1:40,000

120 &

: ﬂ% - Proposed Magazine storage area

| Do e

s Proposed Norther

Rock Stack (NRS)

Drawing No.
Date:

Drawn:
Scale:
Filename:

. S

‘Figure 1
9049—Fig]

June 2022

CL/ET

1: 40,000 (@AS)
9049—figl.dwg




‘ Proosd harekirauponga Access unnel - Corridor

- e

‘5 Proposed Northern Rock Stack (NRS)
{ °f

4o |

Trio UG

(

Historical mine
stopes and adits
Historical shafts
Existing UG
Proposed MUG
OGNZL Property B.

Notes:

Grid: Old Mount Eden Cadastral

Aerial: Waikato 0.3m Rural LINZ (2017)
Aerial Waihi: OGNZL 2017

NZ River Centrelines LINZ (2011-2021)
NZ Contours LINZ (2011-2021)

ngineering Geo t Drawing No. 9049—Fig2
i R OCEANA GOLD (NEW ZEALAND) LIMITED e

+64 9 486 2546

info@egl.co.nz ihi H .
Unit 7C, 331 Rosedale Road, Albany, Auckland Waihi North PFOJGCt Drawn: CL

Gr;e:;t[t:t:Iln::al,i Earthquake PO Box ."301 054, Albany, Auckland 0752 Slte Plan 1 20 ,000 Scale: 1:20,000 @A3
and Dam neers .egl.co. ’
ng www.egl.co.nz Filename: 9049-Figl .dwg




I-’roposed Wnareklraponga Access Iunnel Corridor E

s, ‘
{1 57 = 2
= Golden Valley Road

o i Proposed MUG Portal
™ proposed Portal cut

Favona Decline

- A
/

/
\.A-r\*

Trio Decline

Legend:

Historical mine
stopes and adits
Historical shafts
Existing UG
Proposed MUG
OGNZL Property B.

Notes:

Grid: Old Mount Eden Cadastral

Aerial: Waikato 0.3m Rural LINZ (2017)
Aerial Waihi: OGNZL 2017

NZ River Centrelines LINZ (2011-2021)
NZ Contours LINZ (2011-2021)

Drawing No. 9049—Fig?

E G L gy e o OCEANA GOLD (NEW ZEALAND) LIMITED Date: June 2022
9 wisgag) coiis Waihi North Project Drawn: CL

Unit 7C, 331 Rosedale Road, Albany, Auckland

Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752 Site P|aﬂ 1 :7500 SCCIl a 1: 7500 (@A:’))

and Dam Engineers @ www.egl.co.nz

Filename: 9049—figl.dwg




New UG and ore tunnel

portal level

SELE]
[duun| ss920y
ebuodneJiyaleym

\._-.:.-_..-.-_-_.. -
- 820z-Aen

.................................................. DN O .

o
(o}
(O]
=
S
-
3 8
f— c
S IS
k== 8
= o
5 3 :
o) ()
2T E 9., g
$E2 EBf252 R L
S 5 T N g £ 2 3 = >
. < c — 5 g 3 - o o
X . c = T a3 9 5 2 B
S - « o > 2 =
58 © < = o o 2 £ L 8 E I~
a Y o g = @ £ 5
Q 3 ° @« c = o ] b
< 2 5 8 2 S8 g = a @ &
= o = -5 8 %8 ST o T o -
S 2 & 3 6 2% > = T c
s B 2 2 g3 28 3 s g 5
S =T 3 a 2 p @2 0O 4 < = o
s 8 3829580 45 % £ 5% 85
SEEgTE oo g oy 25 B R
o £ 30 % g 5 @ £ S = 5 £ o © © ¢
B 5T £ 83 e.IMWO T = 24 £ o
=2 w = 2 (S = @ @ o © 35 2 3
A a 203 3 8 T 80O 0V sc o 38 F
il 8= 3238 g > 5 a S 2 P
@ W x £ 8 g 2 &8 © > g w g § ‘s
£ z 8 C 55 ¢ c OB = 2 %5 ©
t £ 5a a6 S 23209 >5%T<LQ @ -
S 8§09 3525 ax I 2383288z
MWAGMFCHCWEMJMWMOTBw
LR ] = ®© L
||||||||||||||||| j)
eeeeeeeeer.wWWeeeeeDn
> > > > > > > > > g = Vvvvva
 © © b v © ® © @ E W WwWwax O gy P O D D
S5 3353353353333 &5§00b00-23333¢5g
o w e e w8 D D D D v o ows v v S
S T & T T © & T W T © & T %
e ==22=22=22ceceea $
] 4 ] ' | . -
—. ] . . [}
] ] | "1
1 I 1 1
T T T T T
o o o o o o o o o
o o o o o o o o o
N — o (o)} [os) N~ © o <t
— — —

(w 7Y) 1987 J81eMpPUNOID

- €coz-Aen

IO ._......-.!.... Y (S X SR | ISP B ...... .............. L
IO ._ .................................................................. .\ ............... L

- 0c0Z-Aen

zeoz-feN
1e02-AeN

6202-AeN

120z-FeiN

- 9202-ReN
- G2oz-ReN
- y20z-Ren
- £20z-Ren

zeoz-feN
1202-AeN

- 0Z0z-Aen

6T0Z-AeN

- 8T0Z-ReN

L10Z-ReN
9T0Z-AeIN
GT0Z-ReN
7T0Z-ReN
eT0z-AeN
Z1oz-ReN
TT0Z-AeN
0TO0Z-ReN
6002-AeN
800z-AeN
L00Z-ReN
900z-AeN
G00z-Ren
v00z-AeN
€00z-AeN
200z-AeN
T00Z-AeN
000z-AeN
666T-AelN
866T-AeIN
L66T-AeN
966T-AeIN
G66T-AeN
v66T-AeN
£66T-AeN
266T-AeN
166T-AeN
066T-AeN
686T-AeN
886T-AeIN

Notes:

RL in Mine Datum

Figure 4

Ref. No: 9049

Reference levels plotted are not time referenced

BN

Date: Feb 2025
Drawn: CM/CL/ET
File: 9049-Settlement

OCEANA GOLD (NEW ZELAND) LTD
WAIHI NORTH PROJECT
Waihi Town - Dewatering and Reference Levels

@ Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752

p- |
3
ol
-
.
§EsE:
o~ -]
o s2 o
238 g
238 ;
§zgzot
E £ E
s
o ~B @
&
&
-
Lu
2
£
E 8
88
=5
85
g
£ E
88
o
E._
o &




843500 N

Camp_Lith

[] Rhyolitic Tuffs
-~

' " | [[] sandy Ignimbrite

Legend

: . B Allwvium 0 [H Basal csH
M Allwium 1 [ Black Hill Dacite
[] Andesites  [] HBX
B Ash/Regolith [E] Lake/Alluvial Sediments
!. [T N Intercalated Lava/Volcaniclastic [l Sinter

[T welded Ignimbrite

~ |[C] Ruahorehore Rhyolite B Alluvium 2

3 Figure 5
Engineering Geology Ld OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
EG L 3 (sak ot 10k WAIHI NORTH PROJECT Date: Mar 2022
9 unit7c, 331 Rosedale Road, Albany, Auckland Drawn: OGNZL/EGL
Geotechnical, Earthguake PO Box 301054, Albany, Auckland 0752 .
and Dam Engineers @ www.egl.co.nz GeOIOg|CaI Plan




Legend

B Andesites [] Rhyolitic Tuffs [l AQF
[] Ash/Regolith [ ] sandy Ignimbrite

] Lake/Alluvial Sediments [_] Welded Ignimbrite

Surfaces
—— Veins MOP Phase 4 Pit
S N
W I —— B —— S E— .. I
1000
800
600
x: 395480 x: 395480 x: 395480 x: 395480 x: 395480
y: 641700 y: 642200 y: 642700 y: 643200 y: 643700
Location Vertical exaggeration: 1x
S: 395480, 641625 om 500m
N: 395480, 644185 . || |
Notes:
Section provided by OGNZL Figure 6
Sy baiepe OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
= info@egl.co.nz WAIHI NORTH PROJECT Date: Jan 2022
Geotechnical, Earthquake o ggnaz)s,:.;3031\02'5211':;;‘tiauc::,‘::l:zn&g;:kland DraWn: OGNZL
s g ® www.egl.conz Geological Cross Section A




Section B

SwW

1200 —

Legend

Camp_Lith
B Andesites [ ] Rhyolitic Tuffs
[] Ash/Regolith [] welded Ignimbrite

[ Lake/Alluvial Sediments [l AQF

Surfaces
Veins MOP Phase 4 Pit

x: 394782 x: 395032 x: 395282 x: 395532 x: 395782 x: 396032
y: 641867 y: 642300 y: 642733 y: 643166 y: 643599 y: 644032
Location Vertical exaggeration: 1x
SW: 394782, 641867 Om 500m
NE: 396067, 644093
Notes: .
Section provided by OGNZL Figure 7
Ref. No: 9049

Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752
and Dam Engineers www.egl.co.nz

Engineering Geology Ltd

J +64 9486 2546

= info@egl.co.nz

@ Unit 7C, 331 Rosedale Road, Albany, Auckland
o

OCEANA GOLD (NEW ZEALAND) LTD
WAIHI NORTH PROJECT

Geological Cross Section B

Date: Jan 2022
Drawn: OGNZL




Section C

Camp_Lith
M Allvvium 0 [ Basal CSH
B Alluvium 2 [l Black Hill Dacite

[] Ash/Regolith [_] Rhyolitic Tuffs

Legend
Surfaces Lines

[] sandy Ignimbrite —— Veins —— MOP Phase 4 Pit ——- TUNNEL V2 Projection

[] welded Ignimbrite

Bl Andesites [ Lake/Alluvial Sediments [l AQF

«  TUNNEL V2 Intersection

1200
1000
800
600
x: 394664 x: 395011 x: 395357 x: 395704 x: 396050 x: 396397 x: 396743 x: 397089 x: 397436
y: 642578 y: 642778 y: 642978 y: 643178 y: 643378 y: 643578 y: 643778 y: 643978 y: 644178
) Scale: 1:10,000
Location Vertical exaggeration: 1x
SW: 394664, 642578 0om 500m
NE: 397696, 644328
Notes:
Section provided by OGNZL Figu re 8
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
+64 9486 2546 Date: Jan 2022

Geotechnical, Earthquake
and Dam Engineers

NYEGL

info@egl.co.nz
Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752

www.egl.co.nz

& Oofw

WAIHI NORTH PROJECT

Geological Cross Section C

Drawn: OGNZL




Section D

Legend
Camp_Lith
M Alluvium 0 [ Basal CSH [ N Intercalated Lava/Volcaniclastic [l Sinter
B Allwvium 1 [ Black Hill Dacite [] Rhyolitic Tuffs [] welded Ignimbrite
B Andesites [ ] HBX B Ruahorehore Rhyolite B AqF

[] Ash/Regolith [ Lake/Alluvial Sediments [_| Sandy Ignimbrite

Surfaces
—— Veins —— MOP Phase 4 Pit
E W
1200
1000
800
600
x: 398100 x: 397500 x: 396900 x: 396300 x: 395700 x: 395100
y: 643090 y: 643090 y: 643090 y: 643090 y: 643090 y: 643090
) Scale: 1:10,000
Lacation Vertical exaggeration: 1x
E: 398115, 643090 Om 500m
W: 394595, 643090 | || |
Figure 9
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
s e WAIHI NORTH PROJECT Date: Jan 2022

Geotechnical, Earthquake
and Dam Engineers

NYEGL

& ol

Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752

www.egl.co.nz

Drawn: OGNZL
Geological Cross Section D




- Legend
M Alluvium 0 [l Black Hill Dacite [ Rhyolitic Tuffs W AqQF
M Andesites [ ] HBX B Ruahorehore Rhyolite
[] Ash/Regolith [ Lake/Alluvial Sediments [ ] sandy Ignimbrite
[ Basal CSH N Intercalated Lava/Volcaniclastic [] Welded Ignimbrite
Surfaces
——— Veins —— Gladstone Pit —— MOP Phase 4 Pit
E W
1200
1000
800
600
x: 397811 x: 397267 x: 396724 x: 396180 x: 395636 x: 395092
y: 642005 y: 642259 y: 642512 y: 642766 y: 643020 y: 643273
. Scale: 1:10,000
togation Vertical exaggeration: 1x
E: 397811, 642005 Om 500m
W: 394789, 643415 — — |
Figure 10
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
;l‘;‘oé;‘;f’cﬁj":f WAIHI NORTH PROJECT Date: Jan 2022

Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752

www.egl.co.nz

Geotechnical, Earthquake
and Dam Engineers

NYEGL

& ol

Geological Cross Section E

Drawn: OGNZL




Section F

1192

Legend
Camp_Lith
B Andesites
[] Ash/Regolith [ ] Rhyolitic Tuffs
[ Black Hill Dacite [l Ruahorehore Rhyolite
[ ] HBX [ ] sandy Ignimbrite

] Lake/Alluvial Sediments [_] Welded Ignimbrite

B AQF

Surfaces

—— Veins MOP Phase 4 Pit

992

792

592

x: 396199 x: 395999
y: 641879 y: 642225

Location

x: 395199

x: 395399
y: 643264 y: 643611

x: 395599
y: 642918

x: 395799
y: 642572

Scale: 1:10,000
Vertical exaggeration: 1x

S: 396199, 641879 om 500m
N: 395181, 643641 I
Figure 11
Ref. No: 9049

Engineering Geology Ltd
J  +6409486 2546
& info@egl.co.nz
Q
Geotechnical, Earthquake
and Dam Engineers =3

Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752

www.egl.co.nz

OCEANA GOLD (NEW ZEALAND) LTD
WAIHI NORTH PROJECT

Geological Cross Section F

Date: Jan 2022
Drawn: OGNZL




. Legend
Section H Camp._Lith
B Andesites  [B Lake/Alluvial Sediments [] Welded Ignimbrite [l Black Hill Dacite M AqF
[] Ash/Regolith [] Rhyolitic Tuffs B Alluvium 0 [] HBex
[ Basal CSH [ ] Sandy Ignimbrite B Alluvium 1 N Intercalated Lava/Volcaniclastic
Surfaces
—— Veins —— Gladstone Pit
N S
1200
‘i'ﬂlﬁll\‘»

1000

800

600

x: 396510 x: 396691 x: 396872 x: 397052 x: 397233 x: 397414
y: 644035 y: 643569 y: 643103 y: 642637 y: 642170 y: 641704
) Scale: 1:10,000
Location Vertical exaggeration: 1x
S: 397568, 641307 [ ] | | |
Figure 12
Ref. No: 9049

oB.

Engineering Geology Ltd
- +64 9 486 2546
& info@egl.co.nz
‘ Unit 7C, 331 Rosedale Road, Albany, Auckland

Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752
and Dam Engineers @ www.egl.co.nz

OCEANA GOLD (NEW ZEALAND) LTD
WAIHI NORTH PROJECT

Geological Cross Section H

Date: Jan 2022
Drawn: OGNZL




Section I

Camp_Lith
B Andesites

[] Ash/Regolith [_] Rhyolitic Tuffs

Legend

[ Lake/Alluvial Sediments [ Welded Ignimbrite [_| HBX
B Alluvium 2 [] N Intercalated Lava/Volcaniclastic

M AqF

sa andy Ignimbri ack Hill Daci uahorehore Rhyoli
I Basal CSH [ | Sandy Ignimbrite [ Black Hill Dacite |l Ruahorehore Rhyolite
Surfaces
Veins Gladstone Pit Shell
N S
1200 sl 44406050480 60nattahies 4001 Adeoseaddantnea s tes 00 addnsedesstttont ruetiornlads dadesnassssttistassentasadatiesas 0000ss00adisedonatdtitnstss bostness idssttoboastises iiiteseonadsiatestent eenttnaddn .........................
1000
800
600
x: 397406 x: 397311 x: 397215 x: 397120 x: 397024 x: 396929
y: 643845 y: 643354 y: 642864 y: 642373 y: 641882 y: 641391
) Scale: 1:10,000
Location Vertical exaggeration: 1x
N: 397406, 643845
’ Om 500m
S: 396924, 641365 B | |
Figure 13
= Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
k EG L ; ;‘;:g)::f;ﬁs:f WAIHI NORTH PROJECT Date: Jan 2022
‘ @ Unit 7C, 331 Rosedale Road, Albany, Auckland Drawn: OGNZL
- Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752 . ;
and Dam Engineers e www.egl.co.nz Geological Cross Section |




- Legend
B Andesites [ ] sandy Ignimbrite [ ] HBX B AQF
[ ] Ash/Regolith [ ] Welded Ignimbrite [_] N Intercalated Lava/Volcaniclastic

[ ] Rhyolitic Tuffs [l Black Hill Dacite  [[l] Ruahorehore Rhyolite

Surfaces
—— Veins Gladstone Pit Shell
NE SW
1200 —-m R T ST — | N— s s ; T . S
1000
800
600
x: 397934 x: 397474 x: 397013 x: 396553 x: 396093 x: 395633
y: 642784 y: 642588 y: 642393 y: 642198 y: 642002 y: 641807
Scale: 1:10,000
Location Vertical exaggeration: 1x
NE: 397934, 642784 om 500m
SW: 395556, 641774 B @
Figure 14
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref NO: 9049
k EG L é ;‘;:;:312?:: WAIHI NORTH PROJECT Date: Jan 2022
@ Unit 7C, 331 Rosedale Road, Albany, Auckland Drawn: OGNZL
- Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752 . .
and Dam Engineers e www.egl.co.nz Geological Cross Section J




Section K

Legend

Camp_Lith
. Andesites D Rhyolitic Tuffs . Alluvium 1 E] N Intercalated Lava/Volcaniclastic
[] Ash/Regolith [ ] sandy Ignimbrite [ Black Hill Dacite l] Ruahorehore Rhyolite
[ Lake/Alluvial Sediments [_] Welded Ignimbrite [_] HBX B AqF
Surfaces
—— Veins —— Gladstone Pit Shell
W E
1200 ...............................
1000
800
600
x: 395153 x: 395653 x: 396153 x: 396652 x: 397152 x: 397652
y: 642513 y: 642496 y: 642478 y: 642461 y: 642443 y: 642426
) Scale: 1:10,000
Location Vertical exaggeration: 1x
W: 395153, 642513 om 500m
E: 397911, 642417 [ | |
Figure 15
OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049

Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752
and Dam Engineers www.egl.co.nz

Engineering Geology Ltd

J +649486 2546

& info@egl.co.nz

9 Unit 7C, 331 Rosedale Road, Albany, Auckland
e

WAIHI NORTH PROJECT

Geological Cross Section K

Date: Jan 2022
Drawn: OGNZL




Section L

SE
1200 S
1000
800
600
x: 397770 x: 397607
y: 641782 y: 642254
Location

Legend

Camp_Lith
B Andesites [] Rhyolitic Tuffs [ Black Hill Dacite
[] Ash/Regolith [ ] sandy Ignimbrite [ ] HBX

[ Lake/Alluvial Sediments [] Welded Ignimbrite [7] N Intercalated Lava/Volcaniclastic

Surfaces
—— Veins

Lines
———- TUNNEL V2 Projection

H A2
B AqF

NW

x: 397445 x: 397282 x: 397119 x: 396956
y: 642727 y: 643200 y: 643673 y: 644145
Scale: 1:10,000

Vertical exaggeration: 1x

SE: 397770, 641782 oW 500m
NW: 396897, 644318 Il N
Figure 16
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
t — E GI et WAIHI NORTH PROJECT Date: Jan 2022
info@egl.co.nz
‘ @ Unit 7C, 331 Rosedale Road, Albany, Auckland Drawn: OGNZL
- Geolochnlcnlt Earthquake PO Box 301054, Albany, Auckland 0752 . R
and Dam Engineers e www.egl.co.nz Geological Cross Section L




Section M

Legend
Camp_Lith
B Andesites [ Lake/Alluvial Sediments [ ] Welded Ignimbrite [[] N Intercalated Lava/Volcaniclastic
[] Ash/Regolith [_] Rhyolitic Tuffs I Black Hill Dacite [l A2

[ Basal cSH [ ] Sandy Ignimbrite [] HBX B AQF
Surfaces
—— Veins
S Lines N

———- TUNNEL V4 Projection

12[}9 S SR S S

1000

800
600
x: 398080 x: 397884 x: 397689 x: 397494 x: 397298
y: 642106 y: 642566 y: 643026 y: 643487 y: 643947
) Scale: 1:10,000
Location Vertical exaggeration: 1x
S: 398080, 642106
’ Om 500m
N: 397156, 644281
Figure 17
- Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
t EG L & ;“;ﬁg):;"cﬁ?:f WAIHI NORTH PROJECT Date: Jan 2022
‘ 9 Unit 7C, 331 Rosedale Road, Albany, Auckland Drawn: OGNZL
- Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752 . R
and Dam Engineers e www.egl.co.nz Geological Cross Section M




WNW Amaranth fault Favona fault

Postmineral Ignimbrite No 9 fault ot , .
Martha fault br};cr;a erma Ruahorehore
Reptile fault Rhyolite

Figure 18
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
EG L 2 i WAIHI NORTH PROJECT Date: Feb 2018
oy T 1 vt T - | | Drawn: OGNZL
a DemEnglassis ® www.egl.co.nz Indicative Geological Section from Martha to Favona




+844000 & w w
& 2 2
g g 2
o (=)
mUW3E1A
W6
V843000 )
-
" 87264
0 A’
|
|
a b S 0 250 500 750
2 2 5 '
842000 8 e g
Figure 19
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
EG L @ niogegicons WAIHI NORTH PROJECT Date: Feb 2018
Geotechnical, Earthquake v ggil;os.335111023‘5i?:;iz(;::‘dékﬁ?‘zn&é;(:kIand . DI’aWFI OG NZL
st o Mminegtiooieh Plan of Martha, Union and Favona Systems




Documents

1202020148384_OGL_Waihi\

Path

LEGEND

Shallow Tunnel Alignment
Deeper Tunnel Alignment

tm - Matua Subgroup - Volcanigenic sediments alluvium

ho - Ohinemuri Subgroup - tuff, ignimbrite, weak to strong

ah - Whitiroa Andesite - andesitic flows, breccia and tuffs

aw - Waipupu Formation Andesite - andesitic flows, breccias, tuffs, hydrothermally altered
Faults

Inferred contacts between formations

COPYRIGHT Information contained in this drawing is the copyright of Golder
Associates (NZ) Ltd. Unauthorised use or reproduction of this plan
either wholly or in part without written permission infringes copyright.
© Golder Associates (NZ) Ltd.

Figure 20

CLIENT

OCEANAGOLD CORPORATION

PROJECT

WAIHI NORTH PROJECT: REVIEW OF EXISTING

GEOLOGICAL INFORMATION FOR PROPOSED TUNNEL

TITLE
TUNNEL ALIGNMENT 4
CONSULTANT YYYY-MM-DD 2021-09-28
PREPARED LT
o REVIEW ™
APPROVED ™
PROJECT NO. REPORT REV. FIGURE
20148384 012 0

TF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: A3

T T
256mm




.

LEGEND

=
—

Morthemn Fomal Cut
Proposed Portal & Tunnel
Undesground Cirives
Undesground Shopes

Snumering Coliapsing Ground

Hoap

Turl | | gnimbsite

Breccia
Black Hil Dacie Anderson Lioyd
‘“falcamiclastic OceanaGold (New Zealand) Ltd Project Quattro

Andesils

Waihi New Zealand

SECTION PORTAL NORTHCUT PARALLEL

] 50 o | P 6|W
- #': = PSM125-260R Rev 5 ! .
Figure 21
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049

EG L ; ;ﬁ:g,:;"cf,ff WAIHI NORTH PROJECT Date: June 2022
& Q Unll?C.3-31.RnsedaleRoad.AIbany,Auckland Drawn: PSM
eotechnical, Earthquake PO Box 301054, Albany, Auckland 0752
SRR IWIEEy ® www.egloo.nz Wharekirauponga Access Tunnel Geology Section (By PSM)




NG NN 5% 2. N ¢ RS
Q{x ¥ ;{{ngg} % '«3};5 4% ; V ‘C"/{//fé’/ %
- 7 ’;",/ ’... 4, <

X /,f £
%

7,

%7
, %%
. 2% 4 ",//'. "'///" g
AT
7 X % \‘/%%44 8
SO RSy

.
¢
7

// % -/(({‘/’{/:f’"

‘).
2 ¥
X J.:_.

N

/}
[

/

A;,,/l/)/ 7 7,
////,‘//’f’%
%454

X7
72

S
"

%3 9/ %7
.0.///-‘,; <
//;/,;/,@/ %
%
7

/ 77/’??‘-//

X /7%
X
K7 55485

7

>

A\.
b
( ’0’,‘@‘0‘& > ! , ; i i‘ ".Aﬂ\'" “'. :". _Q; | \ ‘l = :So‘t.jrc sEs::;{“f-?%?E, 'Garr;n'll,_.F' ',

X » X N N - o i SRR T Pres Xt 3 ; i & 4 -:
mg’/z‘?.&:‘y@k& s \8 7 e R @R R A

LEGEND

Paper Size A3 GNS 1:50k geological Whakamoehau Andesite: Whiritoa Andesite : Waipupu Formation : — = Inferred liniament OGL-mapped and GHD- Oceana Gold . Job Number | 125336958
0 5 100 200 300 N lithological units Andesite arr;g dacite with ‘ Zhyrtic gndesitedagd |Am:lﬁsi':e":ahnci darct:ite, —— Liniament inferred surface WKP Exp|orat|on Tunnel - Revision 0
minor qua acite flows and domes ) locally with quartz 5
.« Js;?nga GéouD and phenocrysts. Andesite with tuff-breccias and phenocrysts. Minor tuff ~ GNS-mapped hydmthe,l.’mal alt?ratlo,n Water Assessment Date 19 Aug 2020
tianga ‘roup. tuff breccias lithic crystal tuff breccia, crystal tuffand "I hydrothermal alteration Arg:htg Alt - Tlite / lite, )
Metres = Ratarua Ignimbrite: lacustrine sediments zone Smectite y . .
\ | Welded, dacitic R Argilite Alt - Smectite :
Map Projection: New Zealand Map Grid ignimbrite Geologic features Watercourse L suficil OCEANA G OL D CO nce ptu a | E n g Ineerin g Fi gure 22
Horizontal Datum: New Zealand 1949 = Fault @ OGL tunnel centreli Quartz Alt / Silicification H
Grid: GD 1949 New Zealand Map Grid el cooes [72] G60|09|03| Model Page 1 of 5
N:\NZ\Christchurch\Projects\51\12533958\GIS\Maps\Deliverabl otechMappi hMapping.aprx 27 Napier Street Freemans Bay, Auckland 1010 T: 64 9 370 8000 F: 64 9 370 8001 E: akimail@ghd.com W: www.ghd.com

© 2020. Whilst every care has been taken to prepare this map, GHD (and DATA CUSTODIAN) make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.

Data source: ESRI: World topographic Map and World Hillshade; Oceanea Gold: DEMs (20190503); GNS: 1:50k 1996 Waihi Area map, pdf; Waikato Regional Council: REC named watercourses (20200715); LINZ: 1:50k contours (20200721); GHD: tunnel diagram (20200715) Created by:nrama



3 %3

i3¥13;

v ow | ew e wm

3
O I I e ]

$ 945

i Y. 48 3

-l

N
R
. ;{" v \g N
R

A
®

O
)
SO

N
N

<2
&
;{&

\

ST 477
@ Y

W XXX e
OB
A XXX

S
KX

¥

W,
2
05

X

Y/
&%
%

XK

SO
XS
0,

D
&
62

%

5

\‘Q’ ~\ N ' /;/"’//"/ '/‘;4" M
BRI R
R ABKK AT KN
KXIRSEIKH [
PETNS w‘é’/'«’;‘" N7 ) / G5 5 7 _ ! ot
IR S K 8 K T
%%l Y, ‘Q&.d

G X5 4/ A&

XK. X %55
PR i

¥
XS

AN

o,

.
.4' <l

5%

NN\
ST 7 A XX R .
KK PSSR 4
& NE D Vi Z % ‘ % &2 G )
WS XN NS % AN % 7% N 550540 %8580 N\ ANy 7 ) 5
‘ ”%AV‘)@ - ///0%, &’%’}‘Z,"%/?%/‘f%’ q‘m&ﬁ%yﬁ% N s ] 1
< VAN, A ‘////,ﬁ,/lo ////4:;/} /@‘é« \W{{/%’;%&z%,’@z’%@/(/{?’ ‘Veafoo Yoo/ HBaZ O % OAA; © QperiStreetMap con 'Uulibrs an‘::l},*.‘:ser' mmunity,

/ 0% J
%7 77 0 QL 7 0 /5% 5K
XN EOK
: : ' 5 % ;/,’;:,) / ¢ X / \
0 / V' /N7 4" ///" S 47/ ol s
B S OO 0OV, SOONE ) ) S5, s ORI SOROR s 9%
WaQ QO QO COsy W 2CL W, 1y OOy 7 ) 1 Y 4GV BuOQSaCu VG S

- 5 34 Ol
73 A Py ,,(‘ o x / ) i '.l
2320 e s A, X & : T 7 K ‘
LEGEND
Paper Size A3 GNS 1:50k geological Whiritoa Andesite : Waipupu Formation : —— Liniament OGL-mapped and GHD- Oceana Gold . Job Number | 125336958
0 50 100 200 300 N lithological units shyrtic g"desite dagd lAndﬁsite,tahnd dar:izter GNS-mapped inferred surface WKP Exploration Tunnel - Revision 0
- | dacite flows and domes  —— locally with qua - o ) i
mr:fek:ig Ziza:atﬁie;ﬁ' with tuff-breccias and = Pheanl'Yﬁst.:I Minor tuff >« hydrothermal alteration hydrothe.lll'rnall alTratlﬁ.n ‘ Water Assessment Date 19 Aug 2020
Metres minor quartz lithic crystal tuff breccia, crystal tuff and zone v é:;?:ag?teAt - lite / Tlite, J /
} lacustrine sediments — H 1
henocrysts. Andesite Watercourse " ; i
Map Projection: New Zealand Map Grid fuff bre?;ias Geologic features 0OGL tunnel centreline \E é;?'#g;lAlt - Smectite OCEANA G OLD CO n Ce ptu al E n g I n ee rl n g F|g ure 23
Horizontal Datum: New Zealand 1949 . o H
Grid: GD 1949 New Zealand Map Grid = = Inferred linfament V72 Quartz At/ siicfication GeO|09|03| Model Page 2 of 5
N:\NZ\Christchurch\Projects\51\12533958\GIS\Maps\Deliverabl otechMapping hMapping.aprx 27 Napier Street Freemans Bay, Auckland 1010 T: 64 9 370 8000 F: 64 9 370 8001 E: akimail@ghd.com W: www.ghd.com

© 2020. Whilst every care has been taken to prepare this map, GHD (and DATA CUSTODIAN) make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.

Data source: ESRI: World topographic Map and World Hillshade; Oceanea Gold: DEMs (20190503); GNS: 1:50k 1996 Waihi Area map, pdf; Waikato Regional Council: REC named watercourses (20200715); LINZ: 1:50k contours (20200721); GHD: tunnel diagram (20200715) Created by:nrama



- U S B |

3 N\

T N
. Tt
e il TN

$ 4313
4 .
#‘:,‘j".

e

i
I
'

o
2

Sl 3 % 3 T NY 3

3883
K
3. 409 3 g

$Ii3 194

3
~‘h
N

$83
7 a8
3N

A,
>

2
Lo

H
3

S~
d

i ‘:“‘: Ry

2
&

™ So(rces: Esri, H
. an"g o oS

RE

£3

LEGEND
Paper Size A3 GNS 1:50k geological Whiritoa Andesite : Waiharakeke Dacite : —— Liniament OGL-mapped and GHD-
N lithological units Phyric andesite and Dacite flows, tuff breccia GNS- ed inferred surface
0 50 100 200 300 Whakamoehau Andesite: | dacite flows and domes | and minor tuff. Local . hy droTrfg%al ateration hydrothermal alteration
Andesite and dacite with with tuff-breccias and Intercalated rhyolite flows - — Argilite Alt - Tite / Tlite,
! lithic crystal tuff and tuffs zone gliite ’
Metres [ minor quartz 4 Smectite
Map Projection: New Zealand Map Grid prefocysts. Andesite Geologic features Watercourse 7 Argiite At - Smectte
ap Projection: New sea'anc Map ri tuff breccias —— Fault @ OGL tunnel centreline Surficial
Horizontal Datum: New Zealand 1949 e
Grid: GD 1949 New Zealand Map Grid — — Inferred liniament P72 Quartz At silicfication

Oceana Gold Job Number | 125336958
WKP Exploration Tunnel - Revision 0
’ ) Water Assessment Date 19 Aug 2020

i OCEANAGOLD  Conceptual Engineering Figure 24
Geological Model Page 3 of 5

N:\NZ\Christchurch\Projects\51\12533958\( Aaps\Deli ing "Mapping.aprx

© 2020. Whilst every care has been taken to prepare this map, GHD (and DATA CUSTODIAN) make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.

Data source: ESRI: World topographic Map and World Hillshade; Oceanea Gold: DEMs (20190503); GNS: 1:50k 1996 Waihi Area map, pdf; Waikato Regional Council: REC named watercourses (20200715); LINZ: 1:50k contours (20200721); GHD: tunnel diagram (20200715) Created by:nrama

27 Napier Street Freemans Bay, Auckland 1010 T: 64 9 370 8000 F: 64 9 370 8001 E: akimail@ghd.com W: www.ghd.com



T TATY

. /Z;f/’///é% 7
.

N

i
7 7777
.
)

N

N\

N
Ak
iﬁ\\\ N

N

LEGEND
Paper Size A3 GNS 1:50k geological Whiritoa Andesite : Waiharakeke Dacite : —— Liniament OGL-mapped and GHD- Oceana Gold . Job _N_umber 125336958
0 50 100 200 300 N lithological units = phic andesite and - Dacite flows, tuf breccia GNS-mapped inferred surface WKP Exploration Tunnel - Revision 0
Whakamoehau Andesite: waifr: fuff? Lvrses:ias ::;es fnrler?allna?:;durh.yoﬁf: flows |- — hydrothermal alteration hydrotheﬂ'mal alt?ratlcc.n Water Assessment Date 19 Aug 2020
Andesite and dacite with e zone 7 Argilite Alt - Tllite / Illite,
Metres ] minor quartz lithic crystal tuff and tuffs rectite ] ]
~ phenocrysts. Andesite Coroglen Subgroup : Geologic features Watercourse . ) . - -
Map Projection: New Zealand Map Grid tuff breccias Rhyolitic tuff - crystal, 9 _ ~N Argilite Alt - Smectite OCEANAGOLD COHCG ptual Englnee Il ng F|gure 25
Horizontal Datum: New Zealand 1949 lithic and lapille tuff — Fault @ OGL tunnel centreline Surficial o G I . | M d |
Grid: GD 1949 New Zealand Map Grid — = Inferred liniament FZ2 quartz At/ silcification eological ivioae Page 4 of 5

N:\NZ\Christchurch\Projects\51\12533958\GIS\Maps\Deli i hMapping.aprx 27 Napier Street Freemans Bay, Auckland 1010 T: 64 9 370 8000 F: 64 9 370 8001 E: akimail@ghd.com W: www.ghd.com

g Mapping.
© 2020. Whilst every care has been taken to prepare this map, GHD (and DATA CUSTODIAN) make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.

Data source: ESRI: World topographic Map and World Hillshade; Oceanea Gold: DEMs (20190503); GNS: 1:50k 1996 Waihi Area map, pdf; Waikato Regional Council: REC named watercourses (20200715); LINZ: 1:50k contours (20200721); GHD: tunnel diagram (20200715) Created by:nrama




=
|
4

oo

i

<%

N8

[

§ 3713

R,

¥ 1;1:51_3

LEGEND
Paper Size A3 GNS 1:50k geological Whiritoa Andesite : Geologic features Watercourse Y Argilite Alt - Smectite Oceana Gold . Job .N.umber 125336958
0 50 100 200 300 N lithological units Phyric andesite and s 0L tunnel contreline Surficial WKP Exploration Tunnel - Revision 0
Whakamoehau Andesite: | daclte flows and domes - Lt ocL 4 and GHD Quartz Alt / Silicfication Water Assessment Date 19 Aug 2020
Andesite and dacite with ~mapped an -
Metres

minor quartz

Map Projection: New Zealand Map Grid
Horizontal Datum: New Zealand 1949
Grid: GD 1949 New Zealand Map Grid

tuff breccias

Coroglen Subgroup :
Rhyolitic tuff - crystal,
lithic and lapille tuff

phenocrysts. Andesite
[ : hydrothermal alteration

inferred surface
hydrothermal alteration

7 Argilite Alt - Illite / Illite,
4

Smectite

OCEANAGOLD

Conceptual Engineering Figure 26
Geological Model Page 5 of 5

N:\NZ\Christchurch\Projects\51\12533958\( Aaps\Deli i "Mapping.aprx

g

© 2020. Whilst every care has been taken to prepare this map, GHD (and DATA CUSTODIAN) make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.

Data source: ESRI: World topographic Map and World Hillshade; Oceanea Gold: DEMs (20190503); GNS: 1:50k 1996 Waihi Area map, pdf; Waikato Regional Council: REC named watercourses (20200715); LINZ: 1:50k contours (20200721); GHD: tunnel diagram (20200715) Created by:nrama

27 Napier Street Freemans Bay, Auckland 1010 T: 64 9 370 8000 F: 64 9 370 8001 E: akimail@ghd.com W: www.ghd.com



LEGEND

OMAHINE SUBGROUP
WHAKAMOEHAU ANDESITE (ow)
WHIRITOA ANDESITE (ah)
WAIHAREKEKE DACITE (ae)
WAIPUPU FORMATION "andesite" (aw)
STRUCTURAL LINEAMENT
STRUCTURAL FAULT

GNS MAPPED HYDROTHERMAL ALT

JueNboboL

PORTAL DRIVE MAIN DRIVE
500 PORTAL ENTRY‘ = f TUNNEL ALIGNMENT
@
L SMECTITE SURFICIAL ALTERATION
(]
% D? ILLITE-SMECTITE ALTERATION
n
; o
400 — o = SILICIFICATION/ FULL QUARTZ ALTERATION
Ll ! ! ©
= < % g
b= GE’ — L »n
(] © (= = (O]
(] s
300 — b= — @ = L
— - o
c
=
200 —
\ } // . \
\ | /! \ X
B ‘ /// \ \
o 100 — \ ‘ /
= \
= / \
< | / \
% \ | / \ \
\ / \ \
0 — | N \
| \
\ J
\ A /
10— \ /
\ \
AN \ /
\ \ %
-200
W W W
g g 8 8 g 8 3 5 e g g g g g g
0 500 1000 1500
DISTANCE (m)
LONGSECTION1-CHOTO CH 1844
SCALE 1:2500
Figure 27
0 25 5 75 100 125m
SCALE 1:2500 AT ORIGINAL SIZE P RE L I M I N ARY
H DO NOT SCALE Drawn NICK BURKE Designer NICK BURKE client - CEANA GOLD LIMITED
GHD Pty Ltd Drafting py Design e Proiect WKP EXPLORATION TUNNEL - WATER ASSESSMENT
ditions of Use. i
[~ o e sty [sgoved e e  CONCEPTUAL GEOLOGICAL LONGSECTION
11/F Alphaland Southgate Tower 2258 Chino Roces Ave corner EDSA g:g i,:l:zngtr(:er:jd:;,yuost:?;igegzgz:g;) Datej 17082020 DRAFT 1 7082020
A | CONCEPTUAL NB ™ NE  [082020Y q{\:l;a;i [%ité/slszgg FF'hélispgi‘ngz o1 for the purpose for which it was prepared This Drawing must not be Original Size
h . .
o | Reviion . s sgrarson ot o arnng o st vt v | oan || S | e & mrimai@gnd com W vwaw ghi com reon ot for g vt pirpose, | [Sedle 12500 @ AL seatorconsnaienwess| A4 Drawing No: (001 Rev: A

Plot Date: 17 August 2020 - 2:31 PM

Plotted by: Nick Burke

Cad File No:  C:\L

_section_|




500

400

300

200

100

ELEVATION (m)

-100 —|

-200

0 25 50 75

,_
m
@
m
=
O

U DeNDODOL

OMAHINE SUBGROUP

WHAKAMOEHAU ANDESITE (ow)

WHIRITOA ANDESITE (ah)

WAIHAREKEKE DACITE (ae)

WAIPUPU FORMATION "andesite" (aw)

STRUCTURAL LINEAMENT

MAIN DRIVE

STRUCTURAL FAULT

GNS MAPPED HYDROTHERMAL ALT

TUNNEL ALIGNMENT

SMECTITE SURFICIAL ALTERATION

ILLITE-SMECTITE ALTERATION

SILICIFICATION/ FULL QUARTZ ALTERATION

Lineament NE

Lineament NE

Lineament SE

Lineament NE

1800

125m

SCALE 1:2500 AT ORIGINAL SIZE

1900

2000

2100

2200

2300

2400

2500 S N
DISTANCE (m)

LONGSECTION 2 - CH 1723 TO CH 3567

SCALE 1:2500

2800
2900

3000

3100

3200
3300
3400

3500

Figure 28

PRELIMINARY

A | CONCEPTUAL NB ™ NE |082020Y
No | Revision Note: * indicates signatures on original issue of drawing or last revision of drawing | Drawn M;n%bger proect | pate

11/F Alphaland Southgate Tower 2258 Chino Roces Ave corner EDSA
Makati City 1232 Philippines

T 6324795600 F 6324795601

E mnimail@ghd.com W www.ghd.com

DO NOT SCALE

Drawn NICK BURKE

Designer NICK BURKE

GHD Pty Ltd

Conditions of Use.

This document may only be used by
GHD's client (and any other person who
GHD has agreed can use this document)
for the purpose for which it was prepared
and must not be used by any other
person or for any other purpose.

cent - OCEANA GOLD LIMITED

Dt o Do e Poiect \WWKP EXPLORATION TUNNEL - WATER ASSESSMENT
Apmoved e e CONCEPTUAL GEOLOGICAL LONGSECTION
Date 17082020 DRAFT 17082020

Scale 1:2500 @ A1

used for Construction unless
signed as Approved

A1 DrawingNo: Q002 Rev: A

Plot Date: 17 August 2020 - 2:31 PM

Plotted by: Nick Burke

Cad File No:  C:\L

_section_|




500

MAIN DRIVE

LEGEND

OMAHINE SUBGROUP
WHAKAMOEHAU ANDESITE (ow)
WHIRITOA ANDESITE (ah)
WAIHAREKEKE DACITE (ae)
WAIPUPU FORMATION "andesite" (aw)
STRUCTURAL LINEAMENT
STRUCTURAL FAULT

GNS MAPPED HYDROTHERMAL ALT

400 —
300 —
200 —
£
= 100 —
5
'—
<C
>
(NN)
|
L
0 1"

-100 —| \

Lineament NE

TUNNEL ALIGNMENT

SMECTITE SURFICIAL ALTERATION

ILLITE-SMECTITE ALTERATION

SILICIFICATION/ FULL QUARTZ ALTERATION

LD UUEHDDOLE

%

7

%%
%,
@,f o &/
70
L7,

e

-200 { |
o o o o o o o o o o o o o o
o o o o o o o o o o o o o o
g 5 3 2 g g g 3 g & 2 g 5 3
3500 4000 4500 5000
DISTANCE (m)
LONGSECTION 3 - CH 3430 TO CH 5271
SCALE 1:2500
Figure 29
0 25 50 75 100 125m
SCALE 1:2500 AT ORIGINAL SIZE P RE L I M I N ARY
H DO NOT SCALE Drawn NICK BURKE Designer NICK BURKE client - CEANA GOLD LIMITED
GHD Pty Ltd Drafting py Design e Proiect WKP EXPLORATION TUNNEL - WATER ASSESSMENT
Conditions of Use. )
1 A e sty ot me  CONCEPTUAL GEOLOGICAL LONGSECTION
' i rojec irector,
L Al Southgte Tower 2258 Chio Roces Ave comer EDSA D ooy | Date 17082020 DRAFT 17082020
A | CONCEPTUAL NB ™ NE [082020Y akati Cif ilippines for the purpose for which it was prepared
T 6324795600 F 63 2 479 5601 d be used b h ] “This Drawing must not be | Original Size .
No | Revision Note: *indicates signatures on original issue of drawing or last revision of drawing | Drawn M;n%bger proect | pate E mnimail@ghd.com W www.ghd.com Sgrs?nui ?;laneyu;ier guar:i;;; er Scale  1:2500 @ Al :isgende;ogg:;lrv:‘?:;n unless| A\ 4 Drawing No: Q003 Rev: A
Plot Date: 17 August 2020 - 2:32 PM Plotted by: Nick Burke Cad File No:  C:\L PC r_section_t dwg




500

LOWER DECLINE JUNCTION

MAIN DRIVE

400 —

300 —

200 —

Lineament NE

Lineament NNW

Lineament NE

Lineament NNW

,_
m
[}
m
=
o

UL UEHDDOLE

OMAHINE SUBGROUP

WHAKAMOEHAU ANDESITE (ow)

WHIRITOA ANDESITE (ah)

WAIHAREKEKE DACITE (ae)

WAIPUPU FORMATION "andesite" (aw)

STRUCTURAL LINEAMENT

STRUCTURAL FAULT

GNS MAPPED HYDROTHERMAL ALT

TUNNEL ALIGNMENT

SMECTITE SURFICIAL ALTERATION

ILLITE-SMECTITE ALTERATION

SILICIFICATION/ FULL QUARTZ ALTERATION

&z A |
= . \ \ |
[ 100 — ‘
E \ \ |
= \ \ \
oS \ |
< | \ :
= \ |
o | |
\ | |
\ N |
X A \
-100 \ N \
\ \ | \
\
\ \ |
\ / | \ \
0 | | — — |
o o o o o o o o o o o o o o
S b2 3 g 5 8 3 s S 2 g g 5 2
5500 6000 6500 6862
DISTANCE (m)
LONGSECTION 4 - CH 5112 TO CH 6862
SCALE 1:2500
Figure 30
0 25 50 75 100 125m
SCALE 1:2500 AT ORIGINAL SIZE P RE L I M I N ARY
H DO NOT SCALE Drawn NICK BURKE Designer NICK BURKE client - CEANA GOLD LIMITED
oD Py L B o B e ot \WKP EXPLORATION TUNNEL - WATER ASSESSMENT
Dot iy any o vy (g e CONCEPTUAL GEOLOGICAL LONGSECTION
11/F Alphaland Southgate Tower 2258 Chino Roces Ave corner EDSA g:g f.izr;,(eaer:ffﬁr:,yf;:iEe;mg:‘) f)ar:)ejec Ire1C7%r3)2020 DRAFT 1 7082020
A | CONCEPTUAL NB ™ NE {082020Y '_‘r":';a;i g‘é’ 516235 FF'hé'iSPgiﬁZ so01 for the purpose for which it was prepared This Drawing must not be | Original Size
d be used b h . ‘ .
No | Revision Note: *indicates signatures on original issue of drawing or last revision of drawing | Drawn M;n%bger project | pate E mnimail@ghd.com W www.ghd.com Sgrs?nui ?grlaneyu;ier guargf)soe‘, o Scale  1:2500 @ AL :f;i:ﬂfi:?:gf:;n untess |- A4 Drawing No: Qo 04 Rev: A

Plot Date: 17 August 2020 - 2:32 PM

Plotted by: Nick Burke

Cad File No:  C:\L

P C dri _section_newali dwg




—— WKP Consenting Boundary 211020 entities
® Vent Shaft Locations

——— NZ Contours (Topo, 1:50k)

~——— WKP Mine Plan 211020 entities

NZ River Centrelines (Topo, 1:50k)

Legend
g @ Oceana Gold drill holes
]

®— Pre OGL Drill holes
~——— WKP Drainage
WKP 20m contours

1B48500E

Figure 31
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
EG L 2 ez WAIHI NORTH PROJECT Date: Feb 2022
Geotechnial Exrthauake PO Bax 301084 Ay, Aucidand 0787 Drawn: OGNZL/EGL
and Dam Engineers @ www.egl.co.nz WUG GeOIC)gy Plan




NW Western Veins T-Stream Vein East Graben Vein SE
) Andesite flow
Andesite flow .\
Rhyolitepyroclasties @ NN\~ @ 22X W\—F7 . | I y——  200m
\ 2 .
37.0Au/3.2m -‘\4' \\ \, ~
\ N 18.0Au/0.9m ’.‘.‘/__
: NG _ ‘ N
YN A\ \ J R
--------------------------------------------------- oo R~ N Ny AP
Rhyolite flow K ' 9 ’ l
ol
o P Wip,,
,f- i
/ 35.5Au/1 2m
'
9 12.3Au/6.2m
‘ 4,
‘: %o - ‘f’,o\f
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" & T T 200m
[2.5Au/1.7m
Drill intercepts i %
g/t Au / True width - -3,
g/t Au / Downhole width o] / %_
200m WKP30 - , A
| | Andesite flow P v Rhyolite pyroclastics
Figure 32
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
EG L ;ﬁ:é:;iﬁ?:: WAIHI NORTH PROJECT Date: Feb 2022
9 Unit 7, 331 Rosedale Road, Albany, Auckland Drawn: OGNZL
Geotechnical, Earthquake PO Box 3071054, Albany, Auckland 0752 .
and Dam Engineers @ www.egl.conz WUG Geology CrOSS Sect|0n




Legend

& Waihi Piezometers

e VW Piezometers

Figure 33

Engineering Geology Lid OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
EG L L s usat WAIHI NORTH PROJECT Date: Feb 2025

@ Unit7C, 331 Rosedale Road, Albany, Auckland Drawn: OGNZL
Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752

and Dam Engineers 2 www.egl.co.nz

Waihi Piezometer Network 2023




Legend
====Alluvium Groundwater Contours (inferred)
O  Alluvium Plezometers

~ Geological contact alluvium
——— Waterways

; - | Figure 34

OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
1649 4052545 WAIHI NORTH PROJECT Date: Mar 2024

info@egl.co.nz

Unit 7C, 331 Rosedale Road, Albany, Auckland :
PO Bax 301054, Albany, Auckland 0752 Drawn: OGNZL

wiewiegl.conz Alluvium water level contours




1120 - - 800

1118 -
- 500
11186
. 400 s Monthly Rainfall
— P24
5 § o
o 1114 %
E < —P63S
5 b
g - 300 @ ——FP7ES
. g
- € —p7IS
B 1112 3 rws
g - WC201-4
. - 200 WC201.5
1110 -
+ 100
1108 4
11m T L) L] T T T T T T T T T T T n
! A q{ %l o ) o A B 9 S " 15 ] h
PR A A A N ¢ & & &
¥ ¥ ¥ b bid v W pig 4 » b b W b ¥ )
Figure 35
Engineering Geolagy Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
EG L | Rpniybion: WAIHI NORTH PROJECT Date: Mar 2024
it T JTC.S31 Haaduk fad, Ayt Akiand Groundwater Levels Trends - Shallow Groundwater (Alluvium & Weathered | Drawn: OGNZL
and Dam Engineers & www.egl.co.nz ContaCt Of Young VO|CanICS)




Legend

= Young Yolcanic Groundwater Contours (inferred)
,: » ' O Young Volcanic Piezometers
il

-

: : | Figure 36
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049

2 15s et WAIHI NORTH PROJECT Date: Mar 2024

=
Q@ Unit 7C, 331 Rosedale Road, Albany, Auckland
-]

Geotechnical, Earthquake
and Dam Enginears

0 Bax 301054, Albany, Auckland 0752 ) Drawn: OGNZL
wwwegl.co.nz Deeper Younger Volcanics Water Level Contours




Water Level (m RL)

1125 -

1115 -

1105

=

1095

1075 A

1065

1055 .

A =M
Hm‘i:!._!“.

\..ma-r X

- 800

M| 850

- 800

-..J
[#;]
(=)
(7Y w) |sneT ssiep DNAIH

- 700

] ",
§ {‘.\ Q;\
¥ w

Engineering Geology Ltd
J +64 0 4B6 2546

& info@engl.co.nz
9
-]

Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752

www.egl.co.nz

" r - ; B850

A ) O S b, g

jad b st W A 1
N R S U S Y

— P23
—— P42
—_P72
— P73
—_—P8-3
—P27-1
—PE3

P&4-|
—_—PTE
— P77
—PTE-S
— P78l

PTe-5
— P
— PET-
— P07
—_— P108
—P108
—P110

- P113

P114

P115

P116
—BHE

- BHT
——BH
—BH11
— BH12
—_—WC202-3
= Pit/UG Water Level

Figure 37

OCEANA GOLD (NEW ZEALAND) LTD
WAIHI NORTH PROJECT

Groundwater Level Trends - Deeper Younger Volcanic Materials

Ref. No: 9049
Date: Mar 2024
Drawn: OGNZL




-
F s .
— %
131400 i "{"? w5
S BLL S =
- 1140.0 e
-~ S
- 1320:0, 400 Lea -
4 - :;5" 'F:’: Y '::'t;_énm x bR
- - ; -
. - 1340, 5 5.0 oRa. @ = ,1:,
= o & o g
/ G0 ;" @ Bl -
7 L s m‘b"‘ 0 T i
_anP 7 o e imamn.e . Sl o
i e T N o = i
F, A 1] 0.4 et
/ S (i i ] it } = iy
P 1000, 1y % [ = .
{ B s Ny e )
4 S 5k J:,\:I ] s i % % % 1 E
2 ) 4 98 3 = 5 L |[H 1
i = g 5‘.\.; & ‘?I ' L3
¥ " ( ) ' ;
; v S8 el
"": D .:_" < ll} l§-.-i Lo o 'y- -'-\
- ' e = b 7 =
- il 4 - » d " ep
- 4 = o 2 &
- f 5 (] * " o
H| B o ey o = of o
{ ’ ) - T s by )
\ & B ¥ R
1 & : ]
s, -
i 2 o I N
EF 3 vy s SR = % ® s ‘
T i . T = o
-b:_:'\_n—' W, . L S A : i
i L\ =0 iy e
& 3 1 ) - =
o g 4 - Inéa = 3 a — - .
- % T it — o)
A X e 3 " OceanaGold Walh
i Y5 / L hoenra et
g o
e &R P |
N " - L
: = - Lﬁyj’ 5 jo Dex [ SmNe
b -~ e ]
N D — x> Crwar L alart
1,, +
f ont Mre G
1300
«110.0 M
Vi P Figure 38
Enpineering Beology Lid OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049
) +640.486 2516 WAIHI NORTH PROJECT Date: Mar 2022

JEGL

Geotechnical, Earthquake
and Dam Engineers

& info@engl.conz

Q@ Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 3071054, Albany, Auckland 0752

& www.egl.co.nz

Andesite Younger Volcanic Materials Contact in Martha Pit

Drawn: OGNZL




= Andesite Groundwater Contours (inferred)
@ Standpipe Andesite Piezometers

@ VW Andesite Piezometers

= \Walhi Veins

Ref. No: 9049
info@eg.co.nz WAIHI NORTH PROJECT Date: Mar 2024
Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Bax 301054, Albany, Auckland 0752

: : Figure 39
OCEANA GOLD (NEW ZEALAND) LTD
+64 0 4B6 2546

www.egl.co.nz

Drawn: OGNZL
Andesite water level contours




- 900

Martha north wall
depressurisation
-
no{ " - 850
RS N A wi—— =i
—_—F22
— P71
— P21
- 800D & —_—P8-2
o =~ 4 z
E:J " - —_— e i e L g — PO
:E- 1070 - ! i 5 — PROS
g . = 2 : ‘ — y—— — - £ ——P890
— <
% % BHE
= — - 750 - WE201-1
L —_— WE201-2
WC201-3
1020 - e
— PG Water Level
‘\ - 700
e h - S s
g?u T T T T T T L] T ¥ ¥ T T L) ] 650
Q A & o ™ o © A ® C) N n % o b
PR S N e S R O )é‘:‘ & & .
b o ¥ W b b b b ¥ b i » b bid ¥ Figure 40
Engineering Geology Ltd OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049

J +649 486 2546
info@enl.co.nz

-]

Q@ Unit7C, 331 Rosedale Road, Albany, Auckland
PO Bax 301054, Albany, Auckland 0752

e

www.egl.co.nz

WAIHI NORTH PROJECT

Groundwater Level Trends - Martha Andesite

Date: Mar 2024
Drawn: OGNZL




1120 -

1100 -

1080 -

Water Level (m RL)

1060 -

1040 :
N "
&«

NEGL

Geotechnical, Earthquake
and Dam Engineers

’\q" "\?" '\h

¢ ¢

Engineering Geology Ltd
+64 0 486 2546
info@enl.co.nz

Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752

www.egl.co.nz

@ ol

- 900
P79-D decrease due to
underground drill hole
L 850
—P75
R
| 8008 ——P76D
9]
s ——P77-D
o
v ——P78-D
o
s ——P78-D
L ——PitlUG Water
Level
L 700
T T T T T T 1] T T ﬁsn
N no [ "o W2 ff:' an "qu' "I?’ "Irb
N T R N .
Figure 41
OCEANA GOLD (NEW ZEALAND) LTD Ref. No: 9049

WAIHI NORTH PROJECT

Groundwater Level Trends - Favona Andesite

Date: Mar 2024
Drawn: OGNZL




Settlement (m)

1,150

1,100 +—
1,000 el
950 w7
., \'-ut
900 h
[
sa® ll““"‘ﬁﬂ\
850
o
800 e T =
V""
750 \
\
700 (B
\ v'\
“ C' ‘.
650
600
0 O O o N M I 1D © I~ 0 O O o AN M & I © I~ 0 O O 4 N M & IO © ™~ 0 00 O «« N M <
0 0 O O OO OO O O O OO O O O O O O O O O O O O o d «d o o o o o o 4 &N N N N
D OO OO OO OO O OO O O O O O O O O O O O O O O O O 0O 0O O O O O O O O O O O O O
YDA YT YRR RPP AP YPYYAA
T 8 R 3 R 3 8 R 3 R R A R 3 R R R R R R R R R R R R SSRGS
= =2 2222222222 222222222222 =2=2=2=2=2=2=2=2222=2232
e= e= Mine Dewatering Level
s P2-1 in Andesite - Tip Level RL974.26m
e P2-2 in Andesite - Tip Level RL1034.56m
P2-3in Ignimbrite - Tip Level RL1073m
e P2-4 in Boulder Alluvium - Tip Level RL1101m .
Figure 42
OCEANA GOLD (NEW ZELAND) LTD Ref. No: 9049
Engineering Gealogy Ltd Date: Feb 2025
J 46494862545 WAIHI NORTH PROJECT '
& info@egl.co.nz DI’aWhZ MC/CM
@ Unit 7C, 331 Rosedale Road, Albany, Auckland . .
Geatechnical, Earthquake PO Box 301054, Albany, Auckland 0752 F| |e: 9049_P|ezometer

L g o Piezometer Readings in Borehole P2




Settlement (m)

1,150
1,100
1,050
1,000
950
900
850
800
750
700
650

600

Geotechnical, Earthquake

«= = Mine Dewatering Level
e P8-1 in Andesite - Tip Level RL975.66m
e P8-2 in Andesite - Tip Level RL1044.71

P8-3 in Ignimbrite - Tip Level RL1092.9m

e P-4 in Boulder Alluvium - Tip Level RL1111.8m

PO Box 301054, Albany, Auckland 0752

Engineering Geology Lid

J 4649486 2546

& info@egl.co.nz

@ Unit 7C, 331 Rosedale Road, Albany, Auckland
=

and Dam Englineers

www.egl.co.nz

OCEANA GOLD (NEW ZELAND) LTD
WAIHI NORTH PROJECT

Piezometer Readings in Borehole P8

~ = = et == —— &_%%—L;
™~
.'\h--s
Nnyde ~——\
\.\ e i —
Q\=~
L Y
\/-'l\
L ‘\L"\
A ]
S u l ‘\‘“‘.\p‘
A\ [
b IR a2
® A=
VS A~
\
\
L
0 O O «od N OO & 1O ©O© I~ 00 O O d NN MO I 0N O I~ 0 O O 4 N 0O < O ;n O ~ 0o o o
N 0O O O O O O O O O O O O O O o o oo o o o o d d d «+d d «d A d G <«
D O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o
< 97 9 ¢ ¢ T O OF T OO QY Y Y YPHFPF 4P APy g HFHF gy gy
T T Z B KD KD D I I DB BT B P P ® E R EP P P KPP P I I I I I DT DR B
=z =z =z =2 2 2 2 2 2 2 2 2 2 =2 =2 22 22222222222 z2z22 22

Figure 43

Ref. No: 9049

Date: Feb 2025
Drawn: MC/CM

File: 9049-Piezometer




1,120

1,100

1,080

1,060

1,040

1,020

Settlement (m)

1,000

980

960

940

20 40

60 80 100 120

=He=PO0 ==P9] =l=P92 =A=PI3

=P =@=P95 Note: Data 11/02/2025

Engineering Geology Ltd

7
=
Q
Geotechnical, Earthquake
and Dam Engineers ]

+64 9 486 2546

infof@eql.co.nz

Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752
www.egl.co.nz

OCEANA GOLD (NEW ZELAND) LTD
WAIHI NORTH PROJECT

Piezometer Readings in Boreholes P90-P95

140 160

Figure 44

Ref. No: 9049

Date: Feb 2025
Drawn: MC/CM

File: 9049-Piezometer




1,120

1,100 1
1,080
1,060 /
g % >?
= 1,040 & P .
(]
5 - \
£ 1020 \
(]
(9]
1,000 &
980
960 =
940
-10 10 30 50 70 90 110
==P100 —=4—P101 ==—P102 Note: Data 11/02/2025

Geotechnical, Earthquake
and Dam Englneers

Engineering Geology Lid

J+64 9 486 2546

= info@egl.co.nz

@ Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752

@ www.egl.co.nz

OCEANA GOLD (NEW ZELAND) LTD
WAIHI NORTH PROJECT

Piezometer Readings in Boreholes P100-P102

130

150

Figure 45

Ref. No: 9049

Date: Feb 2025
Drawn: MC/CM

File: 9049-Piezometer




Date

1/01/2001 28/09/2003 24/06/2006 20/03/2009 15/12/2011 10/09/2014 6/06/2017 2/03/2020 27/11/2022
0 .
, N e e e . . e e e, ~=— e 1100
P S ~ A ’V""W Dy A \"“" ’*‘Cw\?;' A «.: ' W = e AR A~
1 2 . o o oo N | * — e — e\ S—_0_® — e
>0 = e N \/\.\j_\ 1050
= 100 1000 2
2 £
E N
s | =
e 150 N 950 @
— ()
5 ~ 2
€ 200 a
= 200 A
° «
= c
=}
< S
O 250 850 T
300 800
350 750
L — P69 -Raw ~ ——P-69-s  ———] P-69 Raw —— p69-d — - -P6da  ——pPB4d i
! P-75 - P76 -s P76 -i P76 -d P77 -s P77 -i !
! P77 -i-2 P77 d P79-S P79 -l P79 -D P78 -s :
| = = =P78-i — .. P78 P87 -S P87 -I P87 -D P107 -1 |
1
| P108 -1 P109 -1 P110-1 P113-1 P114 -1 P115-1 :
1 .
: P116-1 - = =P-63 P-63S P-63 P-63S — = P-64-i !
! Favona Decline P-61 -1 !

Figure 46

N

EGL

Geotechnical, Earthquake
and Dam Engineers

Engineering Geology Ltd
+64 0 486 2546
info@egl.co.nz

Unit 7C, 331 Rozedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752

www.egl.co.nz

& ofw

OCEANA GOLD (NEW ZELAND) LTD
WAIHI NORTH PROJECT

Favona - Graben and Horst Piezometers

Ref. No: 9049

Date: Feb 2025
Drawn: CM/CL/ET
File: 9049-Settlement




Notes

2017 OGNZL aerial in town an to southeast

2016 to 2019 WRC aerial north and west

Town settlement markers - OGNZL Nov 2021 survey with Nov 2021 bench mark
corrections

Town settlement contours based on Nov 2021 survey without Nov 2021 bench mark
corrections. i.e. shows pattern only

NZ Primary Property Parcel outines from LINZ converted to OME (not to be relied upon)

Engineering Geology Ltd
+64 9 486 2546
info@egl.co.nz

Unit 7C, 331 Rosedale Road, Albany, Auckland
Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752

and Dam Engineers www.egl.co.nz

hin

L

oo

a

:jli!.ﬂ ‘W‘I TR
S g LS

i e

T

L
ws e FwE L

rekirauponga Access Tunnel

1 Al o
o 1

OCEANA GOLD (NEW ZEALAND) LIMITED
Waihi North Project
Ground Settlement Markers and Contours - Waihi Town Plan

Drawing No.
Date:
Drawn:
Scale:

Filename:

9049—-Fig 47
13 June 2022

1:20000 (@A3)
9049—-Fig 47.dwg




Af
C'-*.;EL

S 1\
Nﬁ-" - & )
: P ¢
P LL! 2 “ Pl '1 1’
ey TR SN
'LL 80133
NG ,.‘ ; .h‘_
¢! &"_J; "'l Iﬂ' _,
: ANELL £

K- _‘ | e .
el 0500 SR

Notes

2017 OGNZL aerial in town an to southeast

2016 to 2019 WRC aerial north and west

Town settlement markers - OGNZL Nov 2021 survey with Nov 2021 bench mark
corrections

Town settlement contours based on Nov 2021 survey without Nov 2021 bench mark
corrections. i.e. shows pattern only

NZ Primary Property Parcel outines from LINZ converted to OME (not to be relied upon)

Engmeerlng Geology Ltd
+64 9 486 2546
>'4 info@egl.co.nz
Unit 7C, 331 Rosedale Road, Albany, Auckland

Geotechnical, Earthquake PO Box 301054, Albany, Auckland 0752
and Dam Engineers www.egl.co.nz

> S V- C."arke Sffe[ : f
S S

025N R A

l’ '
ALY ".Lma

IE'

o
i -
S0 20 9 2
lif . 'p

"i' (?Ilh._

% 5 3 o, 120
L AEA q-mm (ifel s : (] : ¥
: Ch¥ ? ; g e "&

-ﬁ' ‘ﬁi :
o
C’Hl&" .lﬁl'll

A ,.'
J'(lfl T “

'(t';ﬂ‘* eath Rua
0.103 J_L i

220
st

OCEANA GOLD (NEW ZEALAND) LIMITED
Waihi North Project
Ground Settlement Markers and Contours - Waihi Town Plan

Drawing No.

Date:
Drawn:
Scale:

Filename:

9049—-Fig 48

13 June 2022
ET

1:10000 (@A3)
9049—-Fig 47.dwg




b}

APT Ss

JJDE -

(il

N— v Lo

) S @I.L'a
o‘b ¢
. < - Al'

L0 775 T N 0005 j{

L 0.005 qm:
-'I'“’J
i

=0.014 B cin
E = (“-'?' ST | £"0.061)

- - 31LC
2IA ™y 1 1D ea LKC | c’.l!l‘ﬁﬂ
cf.]iaj [? " GIIDH_ §0.043

N St - [SH2OBNG e v
- S1GC B0.036
U r.i, e . g
K, - & EDEE"0 0 SSH '
S [DDas-0.034) : E
R N :"" t:{mﬂ & 2

a=ig
T

a5 s TN

g et L g Wharekwauponga Access Tunnel
H_.;E.}'} 3 ﬁ’ﬁ'., -0.042 - G LEC
( f'i*ﬁ‘.'r"" i ; e g 000

7DC ki C&.JL :

BEE-0.04 7P 0028 Cl.'_‘i]’] - i
R Sfm : L0046 - ;

f;f;..,::'" et 07O a(;ié%
£

"?qu 3 390
o

oy 3080
¢ iﬂf:’]‘_i §:0.041
‘l 042

A0H
fﬁ-ln

oMa22 | !

_ - ; h-0.038, &

¥ SF A - - i Syl
. = . =2 S0BR =
Pﬁ&"rl‘ t - & X e P < q."E]le- =4
. / 034 e o o 00
. §-0.0/4

ﬁm_i
cl]_i}lr

: JINELS ulm
.;g_u 21050 3 lif
Iﬂ'{?ij)
1",

/ “2017 OGNZL aerial in town an to southeast {', ‘H. :"__
22016 to 2019 WRC aerial north and west R

i Town settlement markers - OGNZL Nov 2021 survey with Nov 2021 bench mark L :!1;; Ll

| corrections Py O LOl A
4 Town settlement contours based on Nov 2021 survey without Nov 2021 bench mark '_:""ﬁ d ; e
i corrections. i.e. shows pattern only _ '-fiinii r:cm
gNZ Primary Property Parcel qqtine_s from LINZ converted to OME (not to be relied upon) g __f-

Engineering Geology Ltd
+64 9 486 2546
info@egl.co.nz

Unit 7C, 331 Rosedale Road, Albany, Auckland

Geotechnical, Earthquake
and Dam Engineers

PO Box 301054, Albany, Auckland 0752
www.egl.co.nz

Ground Settlement Markers and Contours - Waihi Town Plan

OCEANA GOLD (NEW ZEALAND) LIMITED
Waihi North Project

Drawing No.

Date:
Drawn:
Scale:

Filename:

9049—Fig 49

13 June 2022
ET

1:10000 (@A3)
9049—Fig 47.dwg




50
Figure 8

e

3
v
=4
=4

T3

Figure

KEY
SETTLEMENT ZDME 1
SETREWENT FONE 2
SOTLENENT PONE 3
SCTTLFMWCNT TONE 4
SCTTLAMENT TOME 3
SETREVENT 20ME 6
SETTLEMENT 20nE ¥
ZOHE SOUNDNTY
IDME DOUMDNTY INFTRRID

SETLEMENT (.
U‘i‘fm('.rana
1o

L]

~ra rdkotes surfoce sslilement

-]

I o -1
410 = -10
e -28
=i W -39
=25 » -30
=35 o -0

WAY 1897,

SEETER

e o

WITHIN THE SEVEN SETTLEMENT ZONES.
-0 o

SUMMARY OF THE MEASURED SETTLEMENT

e i T

¢ v ndeotes srfece
WITHIN WAIHI TOWNSHIP
AS AT DECEMBER 19495

PLAN OF SETTLEMENT ZONES

g
1
z
5
+
]
a
’
MARTHA MINE, WA

tw.-_w

;;

-
-litﬂh"‘h
smssawas
=5

~o

~
=

B LR

-
-

X,
un
senn
e

~
<

SRR
. w

e R

ey s

sasnanamad;

T
' e

T

"TER™

(AR R R R RN

LR R

WAIHI GOLD COMPANY

L]
[

FMAL - SE-ISSUE GF DWGRIZDE\GS01\ 800N WD 18
ISP LV YOO




Ph (09)486—2546, Fax (09)486—2556

3000N
S 5 3 z £ Z
o o o o o o
S S =} Y S S S
= M m /57 m m m
28AC, 4 [28AD &:' f;‘??’\w
I e */
o).
2000N i%jg‘sc z;a 325 /./a
e —— e
/*/3;:%0/312035 sﬁgg
*
s ./1% o
B ™
1000N B i - g G
’_) r '/:‘B/S‘Z% 2.1.0 .::H
=R
e P i W 4
e < [ z
A\
i k4 M
.06 . ..
I\
1}9 Martha
Zone (2019)
" ) D Setllement | 55
W s | e
. | BEE
D W s | e
Settl
-1000N W S o
Settl t B—
/’\ '\ D Zc(:;neeg1 o 340
K W |
j Settlement in millimetres
1\ Figure 51
—<
Drawing No. 8332-Fig16
o OCEANA GOLD NZ LIMITED - WAIHI ot e s
ENGINEERING GEOLOGY LTD Project Martha Drawn: JL
Unit 7C, 331 R dale Rd, PO B 301054, Alb
s oseagle rd o P Ry Settlement Zones Scale: 1:20000 (@A3)

Filename: 8332—Fig16.dwg




Legend
—— Development
© Triggered Marks 2023

Engineering Geology Ltd
J +649 486 2546

& info@egl.co.nz

9

-]

Unit 7C, 331 Rosedale Road, Albany, Auckland
Geotechnical, Earthquake PO Bax 301054, Albany, Auckland 0752
and Dam Engineers www.egl.co.nz

OCEANA GOLD (NEW ZEALAND) LTD
WAIHI NORTH PROJECT
Settlement marks exceeding Project Martha trigger levels in November 2023

Ref. No: 9049
Date: Feb 2025
Drawn: OGNZL




0.10

Mine Dewatering RL (m)

1200
0.05 — -
1100
0.00
-0.05
1000
-0.10 N
- P —
£ 015 -
)
S 020
o
= \
(5] -0.30 i
@ \¥~J¥A\~ o0
'0.35 = -~
-~
~ - 600
-0.40 -
-
-0.45 =
. -
- 500
-0.50
'0-55 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 400
NV OO O 1 N M ST D O 000 O 1 AN M T O 00O O AN M ST LW O~ 000 O d AN M LW O~ 000 O 4NN M <
0 0O OO OO OO O OO OO OO OO OO OO O O O O O O 0O 00O d d d d d dd dddaa A AN NN NN AN NN ANOO OO O ™M
D OO OO0 OO OO OO O O O O O OO0 0O 0O OO0 0 0 0O 0O OO0 00 0 000000000 OO OO o o
T AT FPRPPPPPAANAAAAFAAAAANANAANFAFAFFIIFFFAAAA
P N TR R R e R N T T T R N T T N S T T R T R T T S T N T T e R N N T T e R N N
C ®© ®© © @ @ @ @ @ ®© @ @ @ @@ ®@ ®© © © © © @ ®© © © © © @ @© © © © @ @ @ ®© © © © @@ @ © © @© @© @© © @©
=S 2222222222222 222=2=222=2=22=2=2=2S2=2=2=2S22=222=2=22=2=222=2=222
— 13 1.15 1.178 1.20B 1.23 1.24
1.27B 17B 1UA 2.05 235 28AE
3.16 3.21 323 3.26B 3.27B 3.29
33 31DD 31ED 31FC 31GC 31HC
31IC 31D 31KC 31LC 31MD 31INE
310D 31PC AP2A BM28/2 ITXCIVB TRIG22
= = Avg. Settlement e= e= Settlement Trigger Level Martha Pit/ Town UG Water Level ~ = ee=ee MUG Empire PC2 UG Bore e = MUG Edward PC1 UG Bore MUG ROW-17 UG Bore
= o = MUG GW Drawdown Linear (Avg. Settlement)

EGL

Geotechnical, Earthquake
and Dam Englneers

Y

Engineering Geology Ltd

J
=

Q

e

+64 0 486 2546
info@egl.co.nz

Unit 7C, 331 Rosedale Road, Albany, Auckland

PO Box 301054, Albany, Auckland 0752
www.egl.co.nz

OCEANA GOLD (NEW ZELAND) LTD
WAIHI NORTH PROJECT
Ground Settlement - Zone 1
Settlement Trigger Level 55mm

Figure 53

Ref. No: 9049
Date: Feb 2025
Drawn: CM/CL/ET




0.10 1200
0.05
- 1100
0.00
-0.05
- 1000 ’é\
-0.10 N \.\_v\ =
—~ q-)
) o - 900 S
é 0.15 Nt ' a
)
c -0.20 =3
2 M —— - 800
S 025 3
@ =
o -0.30 . 700 =
wn M <4
o
-0.35 S O
‘< e
0.40 ~ - 600 =
-0. — 2
-~
-0.45 =
= - 500
-0.50
'0-55 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 400
0 OO 1 AN M T O ©O I 00 0 O d AN M T IO O 0 00 O 1 N M IO LWW OM~NO0WOOOO 1 AN MTUTLWW O~ 000 O 4NN M <
0 O O O O O O OO OO OO O O O O O 000 O oI d d oA d A o ddd AN AN AN AN N AN AN NN ANO OO O™
o O OO OO OO OO OO O) OO OO OO OO O O O O O O O O O O O O O O O O OO O OO O OO0 OO0 OO OLO O OO o o
T I T I ITIZIAQAYAAIRAFRAFRAAFAAAIAAIAIFIFIIFIYQY A
S S R S R R S R R S R R R R R S R R R R R R R R R R R 8RS8 S8R S
=S =2 2222222222222 =2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=
1.01 1.02D 1.03B 1.04 112 1.14
— .16 14AC 1A 1B 1C 1D
1EB 1FB 1GB 1HC s ] | 1B
1K 1LD 1ME 10 1PA 1QC
1RA 1sC 3.03 3.05 3.07 3.12
3.14 3.15 3.22A 33A 33B 33C
33DB 33E 33F 33GA 4EC 4FB
5AC 6A 7AC BM1 BM14 BM29
BM4 BM5 BM6 BM7 e= a= Avg. Settlement == = Settlement Trigger Level

Martha Pit/ Town UG Water Level

e = MUG Empire PC2 UG Bore

MUG Edward PC1 UG Bore MUG ROW-17 UG Bore

== MUG GW Drawdown

Linear (Avg. Settlement)

\JEGL

Geotechnical, Earthquake
and Dam Englneers

ol D

L]

ngineering Geology Ltd

+64 9 486 2546

info@egl.co.nz

Unit 7C, 331 Rosedale Road, Albany, Auckland
PO Box 301054, Albany, Auckland 0752

www.egl.co.nz

Figure 54

Ref. No: 9049
Date: Feb 2025
Drawn: CM/CL/ET

OCEANA GOLD (NEW ZELAND) LTD
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OCEANA GOLD (NEW ZELAND) LTD
WAIHI NORTH PROJECT
Ground Settlement - Zone 5 (Excl. Favona Points)
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Memorandum

Ground settlement and tilt estimates for GOP cross vein and Wharekirauponga Access

Al.0

A2.0

A3.0

Tunnel dewatering

INTRODUCTION

This memorandum summarises the assumptions and results of two-dimensional (2D)
seepage and deformation numerical modelling of GOP cross vein and Wharekirauponga
Access Tunnel dewatering. The modelling was undertaken to enable estimates of settlements
due to dewatering.

The analyses have been undertaken using Geostudio 2D finite element analysis (FEA)
programs, SEEP/W and SIGMA/W (Refs. 1 and 2). The SEEP/W model of the ground and
groundwater parameters for GOP cross vein assessment were provided by GHD (Ref. 4).
The Wharekirauponga Access Tunnel model is based on work undertaken by EGL for MUG
and MOP4 (Ref. 3).

SCOPE OF WORK

The scope of work has included:

i.  Modelling of seepage and drawdown associated with dewatering of deep
groundwater systems from the depressurisation around the Wharekirauponga Access
Tunnel using SEEP/W.

ii.  Modelling of seepage and drawdown associated with cross vein dewatering caused
by the Gladstone Open Pit excavation as modelled by GHD (Ref. 37)

iii.  Deformation analyses using SIGMA/W with changes in stress due to vein dewatering
and tunnel depressurisation estimated by the SEEP/W modelling.

SOIL PROFILE AND GROUND MODEL

Figure Ala and Figure Alb provides the model geometry and the associated boundary
conditions for the Wharekirauponga Access Tunnel assessment base condition (i.e. before
tunnelling). The model was constructed as four layers. From the surface these layers were:
younger volcanic rocks, weathered andesite, and undisturbed andesite comprising higher
permeability (K) andesite and lower K andesite. The higher K and lower K andesite are both
referred to as undisturbed andesite rock mass in this document. The model base extends
down to RL255.

Figure A4a and A4b provides the model geometry for settlement estimations caused by the
Gladstone Open Pit excavation dewatering of the veins. The model was constructed as three
layers. From the surface these layers were: younger volcanic rocks, weathered andesite, and
undisturbed andesite. The model base extends down to RL900.
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The parameters summarised in Table A1 have been adopted for SIGMA/W deformation
analyses for both the depressurisation around the Wharekirauponga Access Tunnel and the

Gladstone Open Pit vein dewatering.

TABLE A1 Material Deformation Parameters

Unit Unit Weight Young's Modulus Poisson's
(KN/m?) (MPa) Ratio
Younger Volcanics 25 1,000 0.2
Weathered Andesite 22 1,000 0.2
Andesite -Undisturbed (both 27 8,700 0.2
Higher K and Lower K)

A4.0 MODELLING AND RESULTS

Decoupled seepage and deformation analyses using SEEP/W and SIGMA/W have been
undertaken for both the Gladstone Open Pit vein dewatering and the Wharekirauponga
Access Tunnel. The SEEP/W model calculates the change in pressure associated with
dewatering and depressurisation. The SIGMA/W model then calculates the ground
deformation that is caused by the change in pressure.

Two separate geometries were used to model ground deformations, one for the Gladstone
Open Pit and one for the Wharekirauponga Access Tunnel. The tunnel geometry was
modelled for two different scenarios. The first scenario is the case where the tunnel intersects
veins which may cause dewatering shown in Figure A2, and the second scenario is modelled
for where the tunnel intersects no veins and local depressurisation occurs shown in Figure
A3. The Gladstone Open Pit geometry was only modelled for vein dewatering shown in
Figure A4.

A4.1. Settlement Modelling

The SIGMA/W modelling has been undertaken to calculate the settlement and tilt induced
by the pressure change.

Figure A2b shows the settlement from the potential groundwater drawdown in veins
intersecting the tunnel.

Figure A3b shows the settlement for groundwater depressurisation around the tunnel where
no veins are interected.

The settlements for the potential drawdown in the modelled intersecting veins for Gladstone
Open Pit are shown in Figure AS.

The estimated average settlements are summarised in Table A2 and A3. These values are the
average of the settlements across the whole profile modelled.

TABLE A2 Estimated Settlements from the Wharekirauponga Access Tunnel

Analysis Average Settlements (mm)
Depressurisation around Tunnel 8
Tunnel Vein Drawdown 85
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TABLE A3 Estimated Settlements from the Gladstone Open Pit excavation

Analysis Average Settlements (mm)
GOP Vein Drawdown 36

The average modelled settlements for the depressurisation around the tunnel is 8§ mm. The
average modelled settlements from potential vein drawdown due to leakage into the tunnel
is 85 mm. i.e. ineffective lining or sealing of the tunnel at vein location presents a greater
potential for settlement.

For the vein drawdown associated with Gladstone Open Pit excavation, the average
modelled settlements is 36 mm.

The modelling allows estimation of ground surface tilts caused by the additional effects from
the tunnel or GOP. They are summarised in Table A4 for the Wharekirauponga Access
Tunnel and Table A5 for the Gladstone Open Pit vein dewatering. They have been obtained
by selecting the maximum tilt from the surface settlement profiles shown in Figure A2b,
A3b and AS.

The additional tilt settlements due to the Wharekirauponga Access Tunnel and Gladstone
Open Pit vein dewatering effects are very low and indicate the increased potential for damage

to structures is low.

TABLE A4 Estimation of additional tilts from the Wharekirauponga Access Tunnel

Analysis Tilts
Depressurisation around Tunnel 1:6400
Vein Dewatering 1:19000

TABLE AS Estimation of additional tilts from the Gladstone Open Pit vein
dewatering

Analysis Tilts
Vein Dewatering 1:4800

REFERENCES

1. Geoslope International Ltd (2020) ‘Heat and Mass Transfer Modeling with GeoStudio’
2. Geoslope International Ltd (2020) ‘Stress-Strain Modeling with GeoStudio’

3. Engineering Geology Ltd (2018) ‘Oceana Gold (New Zealand) Ltd Project Martha
Assessment of Ground Settlement’ Ref. 8332.

4. GHD (2021) ‘Waihi North Project — Hydrogeology and Mine Dewatering Report’ Draft.
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Memorandum

Ground settlement and tilt estimates for Wharekirauponga Vent Shafts, Mine and Tunnel.

Al0

A2.0

A3.0

INTRODUCTION

This memorandum summarises the assumptions and results of two-dimensional (2D)
seepage and deformation numerical modelling of Wharekirauponga Mine (WUG), Vent
Shafts and Tunnel. The modelling was undertaken to enable estimates of settlements due to
dewatering and depressurisation.

The analyses have been undertaken using Geostudio 2D finite element analysis (FEA)
programs, SEEP/W and SIGMA/W (Refs. 1 and 2). The SEEP/W model of the ground and
groundwater parameters for the vent shafts and tunnel (at Willows Road Farm) were
provided by GWS.

SCOPE OF WORK

The scope of work has included:

i.  Deformation analyses using SIGMA/W with changes in stress due to the
depressurisation of the tunnel at Willows Road Farm, estimated by the SEEP/W
modelling.

ii.  Deformation analyses using SIGMA/W with changes in stress due to potential
seapage of groundwater into the vent shafts, estimated by the SEEP/W modelling.

iii.  Deformation analyses (total settlement) using SIGMA/W with changes in stress due
to dewatering from the Wharekirauponga mine.

SOIL PROFILE AND GROUND MODEL

A3.1 Willows Farm Tunnel Section

Figure Ala and Figure Alb provides the model geometry and the associated boundary
conditions for the tunnel assessment base condition (i.e. before tunnelling). Figure A2a and
A2b provides the model geometry and associated boundary conditions after tunnelling. The
Willows Road Farm tunnel section replicates a general drawdown profile in a typical
weathered andesite rock mass. The drawdown condition assumed one set of permeability
condition for the full profile in SEEP/W. The SIGMA/W deformation model applied three
different stiffness layers. From the surface these layers were: regolith, weathered andesite,
and unweathered andesite. The model extends from RL370m down to a base level at RL10m.

The parameters summarised in Table Al have been adopted for SIGMA/W deformation
analyses for the depressurisation around the tunnel (at Willows Road Farm).
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TABLE Al Material Deformation Parameters
Unit Unit Weight Young's Modulus Poisson's
(KN/m?3) (MPa) Ratio
Regolith 18 1,000 0.2
Weathered Andesite 22 1,000 0.2
Unweathered Andesite 27 8,700 0.2

A3.2 Vent Shafts

There are 5 vent shafts in total and are identified as shafts 1 - 5. Vent shafts 2 — 5 are located
at WUG and shaft 1 is located at Willows Road Farm. This section includes both models at
Willows Road Farm and WUG. The vent shafts were modelled as axis-symmetric, large
diameter wells. The depths of the vent shafts are provided in Table A2.

TABLE A2 Vent Shaft Depths

Vent Shaft N.o Depth (m)
1 WUG 200
2 WUG 320
3WUG 220
4 WUG 150
5 WUG 195

Only Vent Shafts 1 and 2 are modelled in SEEP/W and SIGMA/W. Vent shaft 1 is modelled
for Willows Road Farm and Vent Shaft 2 is modelled as the deepest vent shaft at WUG.

Figure A3a and Figure A3b provides the model geometry and the associated boundary
conditions for the Willows Road Farm vent shaft assessment base condition (i.e. before vent
shaft construction). The seepage SEEP/W analysis assumed one permeability condition.
SIGMA/W deformation model was applied as three different stiffness layers. From the
surface these layers were: regolith, weathered andesite, and undisturbed andesite. The model
base extends from RL225m down to RL-275m.

The parameters summarised in Table A3 have been adopted for SIGMA/W deformation
analyses from the dewatering of the vent shaft at Willows Road Farm.

TABLE A3 Material Deformation Parameters for Shaft 1

Material Laver Unit Weight Young's Modulus Poisson's
y (kN/m?) (MPa) Ratio
Regolith 18 30 0.2
Weathered Andesite 22 1,000 0.2
Undisturbed Andesite 27 8,700 0.2

Figure Aba and Figure A5b provides the model geometry and the associated boundary
conditions for the WUG vent shaft assessment base condition (i.e. before vent shaft
construction). The model was constructed as five layers. From the surface these layers were:

File: 9049 Appendix - 7 Mar.docx



Our Ref:9049 7 March 2022 Page 2

regolith, very strong (VS) andesite, very weak (VW) andesite, strong (S) andesite and weak
(W) rhyolite. The model base extends down to RL-300m from RL340m.

The parameters summarised in Table A4 have been adopted for SIGMA/W deformation
analyses from the dewatering of the vent shaft at WUG.

TABLE A4 Material Deformation Parameters for Shaft 2

Material Layer Unit Weight Young's Modulus Poissqn's
(KN/m?3) (MPa) Ratio
Regolith 18 30 0.2
Very Strong Andesite 27 8,700 0.2
Very Weak Andesite 27 1,000 0.2
Strong Andesite 27 8,700 0.2
Weak Rhyolite 25 8,700 0.2

A3.3 Wharekirauponga (WUG) Mine

Figure A7 provides the model geometry and the associated boundary conditions for the mine
assessment base condition (i.e. before dewatering). The SIGMA/W deformation model was
applied as four different stiffness layers. From the surface these layers were: regolith,
rhyolite pyroclastics, rhyolite flow and andesite flow. The model base extends down to RL-
600m from RL200m.

The parameters summarised in Table A5 have been adopted for SIGMA/W deformation
analyses for the depressurisation at WUG.

TABLE A5 Material Deformation Parameters for WUG Mine settlement estimate

Material Layer Unit Weight Young's Modulus Poissc_)n's
(KN/m3) (MPa) Ratio
Regolith 18 30 0.2
Rhyolite Pyroclastics 25 1,000 0.2
Rhyolite Flow 27 8,700 0.2
Andesite Flow 27 8,700 0.2

A4.0 MODELLING AND RESULTS

Decoupled seepage and deformation analyses using SEEP/W and SIGMA/W have been
undertaken for both the vent shafts at (Willows and WUG) dewatering and the tunnel section
(at Willows Road Farm). The SEEP/W model calculates the change in pressure associated
with dewatering and depressurisation. The SIGMA/W model then calculates the ground
deformation that is caused by the change in pressure.

Four separate geometries were used to model ground deformations, Vent Shaft 1, Vent Shaft
2, tunnel section at Willows Road Farm and the WUG mine (simplified 1d profile). The vent
shaft geometry was modelled for drawdown caused from potential seepage into the vent
shafts. The tunnel section modelled local depressurisation into the andesite. The WUG mine
geometry is simplified and replicates geology at the mine to estimate the settlement caused
from full drawdown to RL-180m.
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A4.1. Settlement Modelling

The SIGMA/W modelling has been undertaken to calculate the potential settlement and tilt
induced by the pressure change.

Figure A2b shows the settlement for groundwater depressurisation around the tunnel at
Willows Road Farm.

Figure Adb and A6b shows the settlement from the potential groundwater drawdown caused
from potential seapage into Vent Shafts 1 and 2.

The estimated settlement for the potential full drawdown caused by dewatering of the WUG
mine is shown in Figure A8.

The estimated maximum settlements are summarised in Table A6, A7 and A8. These values
are the maximum settlements across the whole profile modelled.

TABLE A6 Estimated maximum settlements from the tunnel at Willows Road Farm

Analysis Maximum Settlements (mm)
Depressurisation around Tunnel 10

TABLE A7 Estimated maximum settlements from the vent shafts

Analysis Maximum Settlements (mm)
Vent Shaft 1 — Willows Farm Road 75
Vent Shaft 2 - WUG 140

TABLE A8 Estimated settlements from the WUG Mine.

Analysis Maximum Settlements (mm)
WUG Mine Drawdown 700

The maximum modelled settlements for the depressurisation around the tunnel is 10 mm.
The maximum modelled settlement from potential drawdown due to seepage into the vent
shaft at Willows Road Farm and WUG is 75mm and 140mm, respectively. For the drawdown
associated with WUG mine dewatering, the maximum modelled settlement is 700 mm.

The modelling allow an estimation of ground surface tilts caused by the additional effects
from the tunnel or vent shafts. They are summarised in Table A9 for the tunnel at Willows
Road Farm tunnel section and Table A10 for the vent shafts at Willows Road Farm and
WUG. They have been obtained by selecting the maximum tilt from the surface settlement
profiles shown in Figure A2b, A4b and A6b.
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TABLE A9 Estimation of additional tilts from the tunnel at Willows Road Farm.

Analysis Tilts
Depressurisation around tunnel 1:15000

TABLE A10 Estimation of additional tilts from the vent shafts.

Analysis Tilts
Vent Shaft 1 1:1400
Vent Shaft 2 1:8200

No assessment of tilt was made for the WUG profile.

REFERENCES

1. Geoslope International Ltd (2020) ‘Heat and Mass Transfer Modeling with GeoStudio’

2. Geoslope International Ltd (2020) ‘Stress-Strain Modeling with GeoStudio’
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