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EXECUTIVE SUMMARY
1 Mining of Round Hill – Southern Pit will require the deconstruction of the existing
SP11A Tailings Storage Facility (TSF) and re-profiling of the tailings surface on SP10
TSF which is to remain. The excavated tailings from SP11A TSF will be placed in the
Reclaimed Tailings Stack (RTS) located on the MTI TSF.
2 Mining of Round Hill – Southern Pit will result in the re-initiation of ground movement
on the Footwall Fault. This will in turn result in some deformation of the MTI
Embankment and tailings on the eastern side of the TSF.
3 Mining of Round Hill – Southern Pit could potentially impact on the stability of the MTI
and SP10 Embankments and careful monitoring and analysis will be required to ensure
that this does not occur.
4 Assessment of the proposed modifications to the MTI and SP10 TSF embankments,
including the proposed RTS, and the effect of the proposed mining of Round Hill –
Southern Pit considers local site geology, seismic, climatic and operational conditions.
5 The preliminary design of the proposed modifications to the MTI and SP10 TSF
embankments, including the proposed RTS, incorporates the safety guidelines of the New
Zealand Society on Large Dams (NZSOLD). The Potential Impact Classification of the
MTI, SP11A and SP10 TSF is assessed to be medium.
6 The MTI, SP10 and SP11A TSFs have been extensively monitored using piezometers
installed in the embankments and tailings and measurement of seepage flows, together
with cone penetration tests in the tailings. This information is useful for assessing the
future behaviour of the facilities during the mining of Round Hill – Southern Pit.
7 Preliminary stability analyses show that the existing SP10 TSF and proposed RTS on the
MTI TSF, meet normally accepted standards for both static and seismic conditions, even
with the re-initiation of mining of Round Hill – Southern Pit. The preliminary analyses
for the MTI TSF show that the stability on the Footwall Fault is marginal and further
work is required to confirm the mechanism of deformation and applicable shear strength
parameters at the release surface within Round Hill – Southern Pit. Detailed design of
the facilities will be carried out once the Resource Consent is obtained and will include
state of the art dynamic deformation analyses.
8 Oceana Gold (NZ) Ltd is experienced at construction, operation and management of
TSFs and Rock Stacks.
9 The preliminary analyses presented in this technical report indicate that it may be
possible to mine Round Hill – Southern Pit, deconstruct SP11A TSF, re-profile SP10
TSFs and build the new RTS on the MTI TSF. However, the feasibility of mining the pit,
and associated work, will require further detailed investigation and analysis with close
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consultation between the designers of the pit and TSFs. The most important issue is the
stability/movement of the western side of the pits and how it could impact on the stability
of the MTI TSF. The mechanisms controlling the movement of the Footwall Fault, and
consequences thereof, must be clearly understood and investigated and stabilising options
developed to control movement for the various eventualities that could occur during
mining.
10 The mining of Round Hill – Southern Pit will have to be subject to rigorous real time
monitoring with a comprehensive management plan that includes a set of conditions to
control mining determined by the designers of the pit and TSFs. There will also have to
be the ability to adjust the sequence and extent of mining, depending on the movement of
the Footwall Fault and observations and performance of the adjacent facilities.
Comprehensive ongoing active dewatering will be required to reduce the water pressure
along the Footwall Fault so as to reduce deformation due to the mining.
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1.0

INTRODUCTION
Oceana Gold (NZ) Ltd (OceanaGold) proposes an extension to the Macraes Gold Project.
The Macraes Phase III Project will take the consented mine life through to 2020. The
project will include further mining of Round Hill - Southern Pit. To access the pits will
require deconstruction (excavation) of the existing Southern Pit Option 11A (SP11A)
tailings storage facility (TSF). Note that for the Macraes Phase III Project the SP11A TSF
is generally referred to as SP11, which is the same facility. SP11A is used in this technical
report to be consistent with previous design reports and drawings for the TSF. Recovered
tailings from the SP11A TSF, and any embankment material contaminated by tailings, will
be stockpiled on top of the existing Mixed Tailings Impoundment (MTI) TSF in a new
facility referred to as the Reclaimed Tailings Stack (RTS).
Engineering Geology Ltd (EGL) has been contracted by OceanaGold to assess the
feasibility of mining of Round Hill - Southern Pit, and in particular to assess the stability,
stormwater control and geotechnical feasibility of:(i)
(ii)
(iii)
(iv)

deconstruction of the SP11A TSF.
retaining the Southern Pit Option 10 (SP10) TSF, with re-profiled tailings surface,
above the proposed southern pit face.
maintaining the MTI TSF above the western face of the proposed Round Hill –
Southern Pit, and in particular the consequences due to the anticipated ground
movement arising from the mining operation.
construction of the RTS on top of the MTI TSF.

The report has been prepared to support a Resource Consent application for the work. The
feasibility and detailed design for mining Round Hill - Southern Pit is being carried out by
Pells Sullivan Meynink (PSM) (refer Ref.8). The final design for the deconstruction of
SP11A and geotechnical assessment of the MTI TSF, SP10 TSF and RTS on the MTI TSF
will be carried out by EGL following the Resource Consent approval. A design report will
be prepared by EGL that documents the detailed design to support the Building Consent
application.
Richard Davidson and Don Macfarlane (Senior Principals of URS Corporation), acting as
internal reviewers for OceanaGold, visited the Macraes Gold Project on 11th to 13th
October 2010 to inspect and carry out a preliminary review of the proposed Macraes Phase
III Project. The preliminary review included the work covered by this technical report.
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PROJECT HISTORY AND OUTLINE OF PROPOSED WORK FOR ROUND
HILL– SOUTHERN PIT MINING
The Macraes Gold Project is located at Macraes Flat in East Otago as shown in Figure 1.
Gold and scheelite were produced by underground mining from the 1890’s to the 1920’s.
Production recommenced for the current operation in 1990 with an open pit mine. An
overall layout of the current mine site is shown in Figure 2.
The tailings at Macraes Gold Project are currently discharged into two TSFs, namely the
MTI and SP11A TSF. One TSF is rested while the other receives tailings. The TSFs are
formed by large embankments constructed predominantly using mine overburden material.
A summary of the discharge of tailings to the various TSFs at the Macraes Gold Project is
given in Table 1. The tailings are currently being discharged to the MTI TSF and have
been since 8th February 2010. The SP11A TSF is currently full to the design level and
resting. New embankment construction is underway on the SP11A TSF to provide
additional storage for tailings once the current MTI TSF reaches its current design limit. It
is anticipated that this will be the final embankment lift of SP11A TSF then the TSF will
cease operation. A further embankment lift on MTI TSF is anticipated before it also ceases
operation.
Mining of Round Hill - Southern Pit will commence after the closure of both the SP11A
and MTI TSFs. For the mining to take place it will be necessary to remove the SP11A
TSF. This will involve removal of all the tailings and embankment. The SP10 TSF is
located at the southern end of the SP11A TSF (refer Figure 2) and is currently covered by
the SP11A tailings. The SP10 TSF will not be removed but the current tailings over the
TSF will have to be re-profiled (shallow tailings partially excavated) as they are above the
level of the SP10 Embankment. The tailings excavated from the SP11A TSF will be
placed in the RTS on top of the MTI TSF. Excess tailings, that cannot be stockpiled in the
RTS, will be placed in the proposed Top Tipperary TSF (TTTSF) (refer Figure 2).

3.0

SITE GRID
All plan grids and references to the site are based on mine north which is approximately 45
degrees anti-clockwise from true north.

4.0

GENERAL GEOLOGY
4.1. Regional Geology
The basement rock in Central and East Otago comprises Otago schist. The Otago
schist is primarily composed of psammitic and pelitic grey schist derived from
metamorphism of Mesozoic age sandstone and mudstone. In the area of Macraes
Flat, the rocks have been metamorphosed to greenschist metamorphic facies, giving a
strongly foliated fabric of dark grey micaceous and light grey quartz-rich
laminations.
From previous geotechnical investigations and mining operations on site (refer Ref.1
& 2) it is apparent that the prominent geological structures at Macraes Gold Project
include a well developed schistosity with two dominant fault sets. The schistosity,
which generally has a low north eastern dip in the project area, has been folded by
north-west to north-east trending folds to produce a series of anticlines and synclines.
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The major set of faults has an eastern trend. They exhibit Miocene (recent tectonic)
deformations and are related to formation of the Alpine Fault. This deformation has
faulted and folded the surface within Central and East Otago to produce the presentday basin and range topography. The major east trending fault in the area is the
Macraes Fault (Billy’s Ridge Fault) that is exposed in the wall of Frasers Pit.
The second set of faults has a northern trend, and the most significant of these is the
Hyde Macraes Shear Zone (HMSZ). The HMSZ comprises a mineralised shear zone
which has been mapped for at least 25km by OceanaGold geologists. The HMSZ
represents the principal gold bearing ore body mined by OceanaGold and generally
strikes north and dips at about 15 to the east. Tectonic displacement associated with
the HMSZ is inferred to be in the order of hundreds of metres, with the movement
initiating some 120 to 150 million years ago. The ore-schist zone of the HMSZ
consists of predominantly pelite and semipelite, but includes blocks of psammite,
typically well foliated and containing mineralised quartz veins.
The base of the HMSZ comprises up to several metres of grey breccia and clay
gouge and is defined by the Footwall Fault which is orientated approximately
concordant with the dip of the HMSZ. The Footwall Fault daylights under the MTI
TSF and is inferred to underlie the SP11A and SP10 TSF at about 100m depth below
foundation level (refer Figure 3 and Figures B1 and B2 in Appendix B).
4.2. Site Geology
The rock underlying the MTI, SP10 and SP11A TSFs is summarised in the EGL
engineering reports (Ref.1, 6 & 7) and consists of unweathered to slightly weathered
weak to moderately strong psammitic to semi-psammitic schist down to a depth of at
least 30 to 40m, before encountering semi pelite and pelite schist.
4.2.1.1. Rock Mass Discontinuities
The major faults in the immediate vicinity of Round Hill - Southern Pit and adjacent
the TSFs are shown in Figure 3 and discussed below.
Joints and Foliation
In 1990 GCNZ Consultants carried out mapping of the ground over the area of the
proposed MTI TSF (Ref.3 & 4), which at that stage was west of the Footwall Fault
outcrop (refer Figure 3). The mapping showed that the schist foliation dips west to
southwest at 10° to 20°. Over the northern portion of the mapped area are a set of
shears and joints which strike north-northwest to south-southeast and dip to the east
at between 30° and 85°. Minor joint sets strike northeast to southwest and dip
southeast at between 75° and 90°.
Mapping for the SP10 TSF (Ref.6) shows that schist foliation has a low north east
dip and the joints are generally steeply dipping with variable strikes. The dip of the
schist foliation therefore changes across the Footwall Fault and the dip observed at
SP10 TSF is consistent with that observed elsewhere east of the Footwall Fault
within the Macraes Gold Project.
Shears and Faults
Detailed mapping of the schist beneath the MTI TSF by GCNZ Consultants (Ref.3 &
4), west of the Footwall Fault, noted several faults and shear zones over the northern
area striking north-west to south-east and dipping to the south and north-east at
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between 35° and 75°. Foliation shears were observed, orientated parallel and sub
parallel to foliation, dipping west to south-west at 5° to 35°. GCNZ Consultants did
not specifically refer to the Footwall Fault in their investigation; it outcrops on the
eastern side of the current MTI TSF (refer Figure 3) and strikes north-south dipping
to the east at a similar angle to the HMSZ.
Within the SP10 and SP11A TSF area there are two large faults which trend northsouth as shown in Figure 3. The faults dip at 60° to the east but only the Northern
Gully Fault was exposed on the eastern wall of the Southern Pit. The other fault,
Battery Creek Fault, is inferred to pass under the existing SP10 Embankment. Sets of
faults, gouges and crushed/shear zones generally strike north to south with sets
dipping to the east or west with widths varying up to 3m. The east dipping set has an
average dip of 60° and the west dipping set has an average dip of 40°. Most of the
larger shears and faults are infilled with clay gouge and sheared rock.
During previous mining of Round Hill and Golden Point Pits (refer Section 9.1)
movement of the western pit slope occurred on the Footwall Fault. The movement
resulted in upward (heave) deformation of the rock in the bottom of the pits in the
region of the easterly dipping Northern Gully and Battery Creek Faults. In between
these faults and the Footwall Fault are westerly dipping discontinuities, referred to as
“ramp shears” which are not fully developed through the rock. It is inferred that the
deformation occurs in a complicated fashion involving both the easterly dipping
faults and westerly dipping ramp shears (Ref.8 & 24).
5.0

EXISTING TAILINGS STORAGE FACILITY EMBANKMENTS
5.1. General
The existing TSFs are shown in Figure 3. The outline of SP10 TSF is shown dashed
as it has subsequently been covered over by the tailings in the SP11A TSF.
The MTI TSF was the first TSF constructed on site and the embankment commenced
in 1990 with the first tailings discharged in 1991. The MTI TSF was progressively
raised using downstream construction embankments until it was not practical to raise
the TSF further (embankment crest at RL515) due to space restrictions of the
downstream shoulder. The embankment was then changed to upstream construction
over the higher northern and western portion of the embankment. To allow a resting
period for the TSF, and construction of the upstream embankment, it was necessary
to construct a second TSF.
SP10 was the second TSF constructed on site and tailings were first discharged to it
in February 2002. The tailings discharge was cycled back to MTI in May 2003 then
again to SP10 in May 2004 when SP10 was filled to design capacity (embankment
crest at RL525). The SP10 Embankment was constructed full height using
downstream construction.
A third TSF, SP11A, was constructed north of SP10 TSF and tailings first discharged
to it in March 2006 to allow further upstream construction on the MTI TSF. Initially
the tailings were impounded between the SP11A and SP10 embankments then in
2007 the tailings reached the crest level of the SP10 Embankment and extended over
it. The current level of the SP11A Embankment is RL537 which means that about
12m depth of additional tailings is covering the SP10 TSF (embankment crest level
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at RL525). The SP11A Embankment comprises downstream construction to RL530
with one upstream embankment lift to RL537. A second upstream embankment is
currently under construction and this will raise the embankment to RL544.
Currently tailings disposal alternates between the MTI and SP11A TSFs.
5.2. Layout and Geometry
5.2.1. Mixed Tailings Impoundment TSF
The existing MTI Embankment comprises an earth/rockfill structure.
The
embankment was raised to RL515 using downstream construction and above this
level four upstream embankment lifts have been built to achieve the current
embankment crest level of RL539. The exception is near the eastern abutment and
south west side of the embankment where downstream construction has been
continued to full height. The crest levels of the four current upstream embankments
are RL520.5, RL527, RL533 and RL539. A plan of the current embankments is
shown in Figure 4, and a typical section through the highest embankment (i.e.
northern section) is shown in Figure 5, together with the proposed RL545 upstream
embankment. For the RL539 upstream embankment it was necessary to construct a
Local Toe Berm on the tailings, immediately downstream of the upstream
embankment, as well as another Main Toe Berm on the RL515 downstream
embankment crest to improve stability (refer Figure 5). The Local Toe Berm extends
over the full length of the RL539 upstream embankment and the Main Toe Berm is
discontinuous and varies in elevation as shown in Figure 4. A similar construction
will be required for the proposed RL545 upstream embankment.
The embankments include a low permeability upstream zone (Zone A, A1 and A3),
with extensive drainage for collecting tailings seepage. The exception is the RL539
upstream embankment which is constructed entirely using Zone B, as will the next
RL545 upstream embankment.
The tailings are discharged sub-aerially into the impoundment from the northern side
of the TSF. A large tailings beach has been established with the decant water
ponding in the southern portion of the impoundment. The decant water is not
allowed to pond near the upstream embankments, because of its potential adverse
effect on embankment stability, and it is for this reason that a significant length of
the south west embankment comprises downstream construction (refer Figure 4).
Water is decanted from the pond and pumped back to the Process Plant where it is
used in the process of extracting gold.
5.2.2. Southern Pit Option 10 TSF
The SP10 Embankment comprises an earth/rockfill structure. The embankment was
raised full height to RL525 using downstream construction. A plan and section of
the embankment is shown in Figure 6 and 7 respectively.
The embankment includes a low permeability upstream zone (Zone A) with drains
for collecting tailings seepage. When the SP11A TSF was constructed the SP10
drain outlets were connected into the tailings seepage collection drains for the SP11A
TSF. The drains have therefore continued to drain the tailings within the SP10 TSF,
including the SP11A tailings which have subsequently covered over the SP10 TSF.
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The tailings were discharged sub-aerially into the impoundment from the
embankment. A tailings beach was established with the decant water ponding in the
southern side of the impoundment.
5.2.3. Southern Pit Option 11A TSF
The existing SP11A Embankment comprises an earth/rockfill structure. The
embankment was raised to RL530 using downstream construction and above this
level one upstream embankment lift has been built to RL537 and a second is under
construction to RL544. The exception is at the eastern and western abutments where
downstream embankment construction has been adopted to full height. A plan of the
embankment, with the proposed RL544 upstream lift, is shown in Figure 8 and a
typical section through the highest northern area of the embankment is shown in
Figure 9.
The embankments include a low permeability upstream zone (Zone A1 and A3) with
drains for collecting tailings seepage.
The tailings are discharged sub-aerially into the impoundment from the northern
embankment. A tailings beach has been established with the decant water ponding in
the southern side of the impoundment. The decant water is not allowed to pond near
the upstream embankments, because of its potential adverse effect on embankment
stability. Water is decanted from the pond and pumped back to the Process Plant
where it is used in the process of extracting gold.
5.3. Zoning
The embankments for the MTI, SP10 and SP11A TSFs are essentially zoned
earth/rockfill structures with material for construction coming from waste rock
(schist) from the pits. Comments on the principal features of the embankments
follow:
i)

Zones A, A1 and A3
The primary function of this zone is to limit seepage. It also provides
sufficient strength to prevent the likelihood of instability, particularly when
subject to the design seismic loads. The low permeability Zone A, A1 and
A3 is formed from weathered schist and requires heavy compaction to
achieve the specified maximum permeability (10-7 m/s) and density. The
different classification for the low permeability material reflects the
modification to the placement and compaction techniques for the material
developed over the years. The specified density and particle size distribution
varies between the different classifications, but the maximum specified
permeability is the same.

ii)

Zones B and B1
Zone B and B1 is structural rockfill placed in 0.6m lift heights and subjected
to compaction. Zone B1 is a structural fill zone, with greater fines and
smaller maximum rock size than Zone B. It is placed between the low
permeability material (Zone A, A1 & A3) and Zone B. This is to provide
intermediate particle size distribution material between the two fill types for
improved filter compatibility.
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iii)

Zones C1 and C2
Zone C1 and C2 is the bulk rockfill placed in the downstream shoulder of the
downstream embankment. The specification for the bulk rockfill material is
the same for Zone C1 and C2, except that the maximum allowable placement
lift is 2.5m and 7.5m respectively.

iv)

Zone D
Zone D is a chimney drain. Its primary function is to intercept seepage and to
limit the development of pore pressures in the downstream shoulder of the
embankment. It also acts as a filter. It is only present in the sections of the
embankment where there is greatest risk of differential settlement or
movement and to maintain the hydraulic gradient through the low
permeability core to an acceptable level. There are gravity outlets from the
base of the chimney drains that discharge to the seepage collection system.

5.4. Subsoil Drains
An extensive network of subsoil drainage is installed beneath the tailings
impoundments and embankments to intercept and control seepage from the MTI,
SP10 and SP11A TSFs. The drains are discussed in detail in the respective design
reports for the TSFs (Refs.1, 6, 7, 9, 10 and 11) and briefly outlined below. The
drains are also shown on the embankment sections for the respective TSFs in Figures
5, 7 and 9.
The seepage collection drains discharge under gravity to the seepage collection
system downstream of the embankments. The collected seepage generally flows
under gravity to the Process Plant, except for one sump (Sump B) downstream of the
MTI Embankment where it is pumped to the Process Plant.
Underdrains
Underdrains are located in the natural ground beneath the tailings to intercept
downward seepage from the tailings and shallow insitu groundwater flow.
Upstream Cutoff Drains
An upstream cutoff drain is incorporated in the upstream side of Zone A and A1
at foundation level to intercept tailings seepage and shallow insitu groundwater
flow. The drain extends over the full length of the downstream embankment.
The upstream cutoff drains connect with the underdrains, where they pass through
the embankment, and discharge to the seepage collection system.
Chimney Drain Base Collector
A base collector drain is located along the bottom of the chimney drain at
foundation level to collect seepage from the chimney drain. It also extends
beyond the chimney drain over the full length of the downstream embankment, on
the downstream side of Zone A and A1, to intercept tailings seepage and shallow
groundwater flow.
Tailings Seepage Drains
Tailings seepage collection drains are located on the upstream shoulder of the
embankment and within the tailings to collect seepage from the tailings and
rockfill mattress drains in both the MTI and SP11A TSFs. Gravity outlets from
the tailings seepage collection drains are generally located at about 200m centres
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around the embankments. These drains provide a long-term high level control on
the level of saturation in the tailings.
Rockfill Mattress Drains
Rockfill mattress drains have been constructed directly on the tailings to provide a
working platform for the construction of the upstream embankments and to
improve drainage of the tailings further out in the impoundment in both the MTI
and SP11A TSFs. The tailings seepage drains collect the seepage from the
rockfill mattress drains and discharge it via gravity to the downstream seepage
collection system.
5.5. Construction and Operation
Construction of the embankments and drainage has been undertaken in accordance
with a Technical Specification that requires regular testing of the placed material to
ensure that the specified standards (permeability, density, grading and water content)
are achieved. The performance of the embankment and impoundment is monitored
using piezometers (to measure embankment and tailings pore pressures) and
deformation stations (to measure embankment deformation in the three primary
directions). Seepage flows from the various subsurface drains are measured and
regular visual inspections are also undertaken.
An Operation, Maintenance and Surveillance Manual sets out the requirements for
the respective TSF embankments and is regularly updated to reflect the historical
behaviour of the embankment and any changes relevant to the operation and safety of
the TSF. The manual also summarises the instrumentation installed to monitor the
TSF, the frequency of monitoring and the trigger and alert levels for the individual
instrumentation monitoring points.
5.6. Performance of Tailings Embankments
The performance of the respective TSF embankments has been assessed throughout
their life by EGL. The monitoring (piezometric records, seepage flows and
embankment deformation) is carried out by OceanaGold and regularly forwarded to
EGL for review and evaluation. In addition, the performance has been periodically
independently reviewed by Dick Davidson (URS Corporation, USA) and by
reviewers engaged by the ORC. Quarterly Monitoring reports are prepared by
OceanaGold and forwarded to ORC.
After upstream embankment construction commenced on site static cone penetration
tests (CPT) with pore water pressure distribution tests have generally been carried
out after each stage of tailings discharge to the MTI and SP11A TSFs. The CPT test
results have been reviewed by EGL, to check the consistency of the tailings and
pore-water pressure profile with depth, and used in the design of the next
embankment lift.
The current monitoring and insitu test data confirms that the MTI and SP11A TSFs
are performing as anticipated and within acceptable limits. It shows that the tailings
are relatively well drained, as confirmed by increasing and decreasing piezometric
levels in the tailings during cycling of tailings discharge to the different TSFs, and
that the tailings have a sub-hydrostatic pore water pressure profile with depth. The
recorded seepage flows also increase and decrease during tailings discharge and rest
periods respectively confirming that the drains are operating efficiently.
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No significant embankment deformation has been recorded, other than in 1995 and
between 2000 and 2002 when significant deformation was measured on the eastern
side of the MTI Embankment due to mining in the Round Hill and Golden Point Pits
to the north east of the embankment. The deformation occurred along the Footwall
Fault which daylights beneath the eastern portion of the MTI TSF (refer Figure 3)
and dips to the east at about 15 degrees. Deformation effectively stopped when
mining of these pits ended and they were partly backfilled. The deformation is
discussed in detail in PSM’s report (Ref.8) and may be summarised as follows.
Movement of the west wall of Round Hill Pit was first observed in 1995, four
years after mining started.
An extensive investigation was carried out to understand the cause of the
movement. Movement was then controlled by limiting the rate of mining.
Mining was allowed to continue until the rate of movement neared the trigger
level. Excavation was then stopped to allow the rate of movement to reduce
to an acceptable rate before re-commencing mining.
Mining of Round Hill Pit was completed in 1998.
Movement was reinitiated in 1999 when mining of Golden Point Pit
commenced.
Relief wells and pumpwells were installed to reduce the movement along the
Footwall Fault.
Between 1999 and 2002, when mining of Golden Point Pit took place, about
4m of deformation was measured on the eastern slope of the MTI
Embankment and foundation. The pit was then partly backfilled and
movement effectively stopped.
6.0

PHASING OF THE WORK TO MINE ROUND HILL – SOUTHERN PIT
To allow access to mine Round Hill – Southern Pit it will be necessary to deconstruct the
SP11A TSF. The tailings from SP11A TSF, and any embankment material contaminated
by the tailings, will be stockpiled in the RTS located on the MTI TSF. The work will
commence after the closure of the MTI and SP11A TSFs. Discharge of tailings for the
final lift of the SP11A TSF (embankment at RL544) is anticipated to commence in April
2011. There will then be another (final) lift on the MTI TSF (embankment at RL545) and
it is anticipated that this will be completed towards the end of 2012. No further tailing
discharge is anticipated to either of these TSFs as the Top Tipperary TSF will then become
the operational TSF for the Macraes Gold Project.
The approximate timeline for phasing of the work associated with the mining of Round
Hill – Southern Pit is as follows :Mid to End of 2012
Mid 2014
Early 2018

Commence deconstruction of SP11A TSF and place the
tailings and contaminated embankment material in the RTS
on the MTI TSF.
Complete deconstruction of SP11A TSF and construction of
the RTS and commence mining of Round Hill – Southern Pit.
Complete mining of Round Hill – Southern Pit.

Plans and sections showing the phasing of the work are given in Figures A1 to A10
(Appendix A) and discussed below. A plan of the proposed Macraes Phase 3 Project is
also included in Appendix A.
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Initial Site Conditions – Mid to End of 2012 (Figure A1 and A2)
Figures A1 and A2 show the closed SP11A TSF (embankment crest at RL544) and
MTI TSF (embankment crest at RL545) prior to the commencement of work
associated with the mining of Round Hill – Southern Pit. The SP10 TSF
(embankment crest at RL525) is completely covered by the tailings in the SP11A TSF.
At this stage all operating water on the two TSFs will be pumped away as there will be
no requirements for permanently ponded water. A lined pond may be constructed in
the tailings at the southern extremity of SP11A TSF to provide a contingency water
supply.
The MTI tailings exposed on the RL533 and RL539 benches will have the final
rehabilitation layer of weathered schist placed over the tailings, and vegetated, such
that any rainfall runoff from these benches can be treated as clean water. It is also
anticipated that at this stage the rehabilitation layer will be placed on the RL545 bench
up to where the toe of the RTS will commence.
Interim Site Conditions – Mid July 2013 (Figure A3 and A4)
Figures A3 and A4 show the deconstruction of the SP11A TSF underway and the
commencement of construction of the RTS on the MTI TSF. At this stage the two
upstream embankments on the SP11A TSF will have been removed and the tailings
excavated to below the level of the downstream embankment (RL530). The tailings
over the northern portion of SP10 TSF will be battered down at a slope of about 1(v)
in 12(h) with the tailings over the southern area remaining at the same level as when
the SP11A TSF was closed.
Material from the SP11A TSF will be transported to the RTS via a haul road cut into
natural ground between the SP11A and MTI TSFs. The haul road will partly reuse
the original AR2 mine haul road between the two TSFs that used to extend down to
the ROM Pad, just south east of the Plant Site.
The perimeter side slopes of the RTS will be rehabilitated as it is raised so that any
stormwater runoff from the slope can be treated as clean water along with the
stormwater runoff on the RL533, RL539 and RL545 benches. Rainfall falling on top
of the RTS will be contained on the RTS by contouring the tailings to the centre of
the RTS to create storage volume and freeboard. This stormwater, along with any
stormwater collected on the SP11A and SP10 TSFs, will be pumped back to the
Process Plant.
Interim Site Conditions – Early 2014 (Figure A5 and A6)
Figures A5 and A6 show the excavation of the SP11A TSF still underway and the
SP10 Embankment exposed. Material from the SP11A TSF is transported to the
RTS via the same haul road as previous, but continuously extended down to the
remaining SP11A embankment/tailings surface.
The tailings stabilisation toe berm will be constructed at the toe of the battered slope
on the SP10 TSF and the tailings covered by the final rehabilitation layer and
vegetated. Stormwater runoff can therefore be treated as clean water and discharged
around the eastern abutment to the AR3 haul road. The stormwater runoff will be
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routed via the Northern Gully Silt Pond, prior to discharge to Deepdell Creek, or
handled as part of the general stormwater runoff within the Macraes Gold Project.
Interim Site Conditions – Mid 2014 (Figure A7 and A8)
Figure A7 and A8 show the completed deconstruction of the SP11A TSF and
completed RTS. The whole of the downstream shoulder of the SP10 Embankment is
exposed and all the tailings surfaces are rehabilitated, including the top of the RTS.
The top of the RTS will be sloped towards the natural ground ridge to the south east
where the stormwater runoff will be discharged via a drainage channel cut into the
natural slope. The drainage channel will follow the natural ground to discharge the
stormwater runoff south of the TSF and RTS. From here the water will flow over the
natural ground down the western side of the TSF.
Final Site Conditions – Early 2018 (Figure A9 and A10)
Figure A9 and A10 show the completed mining of Round Hill – Southern Pit. In
addition the Macraes-Dunback Road has been re-routed further north, near the
southern extremity of the SP10 TSF. A site access/haul road is also required
immediately north of the new road. To achieve this it will be necessary to a build a
new embankment over the SP10 TSF. The Macraes-Dunback Road will be partly on
natural ground and partly on the fill embankment and the new site access/haul road
will be entirely on embankment over the tailings.
7.0

SEISMIC HAZARD
In 2005 Geological and Nuclear Sciences (GNS) was engaged to undertake a seismic
hazard study for the site (Ref.12). Probabilistic estimates of seismic hazard in terms of
acceleration response spectra were estimated for use in the design of the tailings
embankments. Spectra were provided for return periods of 150, 475, 1,000, 2,500 and
10,000 years as well as for earthquakes associated with the closest active faults to the site
(Billy’s Ridge and Taieri Ridge). Spectra for return periods of 150, 475 and 2,500 years,
and for a possible earthquake associated with the Billy’s Ridge Fault (Mw = 7.09 at 1.8km),
are shown in Figure 10.
The three closest faults to the Macraes Gold Project are Billy’s Ridge, Taieri Ridge and
Hyde faults. These three faults are all considered capable of generating up to Mw7
earthquakes, and due to their close proximity to the site can be expected to generate very
strong shaking. The recurrence intervals for these faults are not known with great
accuracy. Recurrence intervals in the range of between about 3,000 and 25,000 years have
been considered by GNS in the analyses for the Billy’s Ridge and Taieri Ridge faults and
between about 1,600 and 10,000 years for the Hyde Fault.
In 2010 a detailed investigation was undertaken of the northern segment of the Billy’s
Ridge Fault, known as the Macraes Fault, by Golder Associates (Ref.13). The Macraes
Fault is adjacent to the Macraes Gold Project. The surface expression of the Macraes Fault
is very subdued compared to the other structures that have reported tectonic movement
during the Holocene period (last 10,000 years). Golder Associates were able to conclude,
based on trenching and soil dating techniques, that the Macraes Fault has not ruptured to
the ground surface during the last 11,500 years and that there was no evidence of any late
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Quaternary deformation. On this basis the annual exceedance probability of rupture of the
Macraes Fault is significantly lower than 1/10,000 (0.0001).
The MTI, SP10 and SP11A TSFs have been assessed to have a medium potential impact
classification in accordance with NZSOLD (Ref.17).
According to the criteria
recommended by Meija et al (Ref.22) faults with annual exceedance possibilities of less
than 1/2,500 (0.004) need not be considered. Consequently the northern segment of the
Billy’s Ridge Fault (i.e. Macraes Fault) need not be considered when assessing the seismic
hazard for the site. The estimates of seismic hazard by GNS have been used in the stability
analyses of the MTI, SP10 and SP11A TSFs. They assumed that the Macraes Fault is
active, and so are conservative.
8.0

STABILITY
8.1. General
The stability of the existing TSF embankments is covered by EGL design reports for
the MTI, SP10 and SP11A TSFs (Refs.9, 10 and 11). These analyses consider
potential shear failure through the embankments and shallow insitu ground. PSM
has carried out stability analyses for mining Round Hill – Southern Pit, and in
particular the movement along the Footwall Fault (Ref.8). Although the analyses by
PSM take into account the presence of the TSFs around the perimeter of the
proposed pit, they do not specifically analyse local instability of the TSF
embankments due to excavation of the pit (ie instability of the TSF with shearing
occurring through the foundation underlying the TSF embankment and with the shear
surface day-lighting partway down the pit face). This mode of failure was not
covered by the above EGL design reports as the proposed pit extension was not
proposed at the time they were designed. Preliminary limiting equilibrium stability
analyses have therefore been carried out to check the local stability of the TSF
embankments due to the proposed mining of the Round Hill – Southern Pit. Similar
stability analyses have also been carried out to check the factor of safety (FOS) for
failure along the Footwall Fault and to check the effectiveness of dewatering to
improve stability.
Stability analyses have also been carried out to investigate safe options for
excavating the tailings in SP11A TSF, re-profiling the tailings surface in SP10 TSF
and for the RTS on the top of the MTI TSF.
Following Resource Consent approval, further stability analyses will be carried out
as part of the detailed design. It is also intended that independent state of the art
dynamic deformation analyses be carried out on the MTI TSF and RTS, similar to
those by Peter Byrne Eng. Ltd for the MTI RL539 Embankment (Ref.16).
The New Zealand Society on Large Dams (NZSOLD) document ‘New Zealand Dam
Safety Guidelines’ (Ref.17) is normally adopted as the basis for design, construction
and operation of dams in New Zealand. Design requirements are related to the
Potential Impact Classification (PIC). The PIC for the MTI, SP10 and SP11A TSFs
has previously been assessed as medium (Refs.9, 10 & 11) and the same
classification has been adopted for the analyses covered by this technical report.
The design parameters adopted for the stability analyses are the same as those used
for the design of the MTI, SP10 and SP11A TSF embankments (Refs.9, 10 and 11).
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These parameters have been reviewed and approved for the existing Building
Consents. The design parameters are therefore not discussed again in detail in this
technical report and only a brief summary is included.
Stability of the TSF embankments and tailings slopes has been analysed using the
two-dimensional SLOPE/W computer program. The programme permits the user to
select one of several procedures for computing the factor of safety. The stability
analyses presented herein utilised the principle of limiting equilibrium and Spencer’s
solution method (Ref.19).
8.1.1. Static and Seismic Stability Design
For static loading conditions NZSOLD requires a minimum FOS of 1.5 and this has
been adopted for the design covered by this technical report.
For earthquake design NZSOLD states that medium and high potential impact dams
are generally designed for two levels of earthquake, namely the Maximum Design
Earthquake (MDE) and Operating Basis Earthquake (OBE). For the Macraes Gold
Project the OBE has been taken equal to the 150 year return period earthquake
ground motion determined in the recent study by GNS (Ref.12).
In addition to the above, the response of the embankment to the 475 year return
period earthquake ground motion has also been considered. This is because there is
potential risk of liquefaction of the tailings at this level of ground motion (Ref.1).
Given the consequences of liquefaction it is appropriate to consider the possibility of
such ground motion occurring during the operational life of the tailings facility. The
stability analyses considered appropriate for the operational stage of the TSF have
therefore been carried out using the 475 return period earthquake ground motion,
rather than the OBE. Following closure of the TSF the tailings will drain and the
level of saturation is expected to reduce significantly. Consequently the post
earthquake FOS determined for the 475 return period earthquake will increase with
time as liquefaction at shallow depth is not anticipated for the MDE case.
If liquefaction is possible then the post-earthquake static and after-shock stability of
the dam needs to be evaluated, with remedial measures if required, to ensure dam
failure does not occur. For design purposes we have adopted a minimum factor of
safety of 1.2 for post-earthquake stability using a post earthquake residual
(undrained) shear strength for the tailings assumed to have liquefied below the
phreatic surface. Above the phreatic surface peak strengths have been used for the
tailings with a pore water pressure ratio (ru = 0.2) to allow for the generation of
excess pore water pressure during the earthquake shaking (i.e. some softening of the
tailings).
The deformation of the embankment is checked during earthquake shaking using a
pseudostatic stability analysis together with a simplified deformation analysis
(Newmark sliding block approach). The analysis is carried out for the 475 return
period earthquake and MDE using the peak ground accelerations given in Figure 10.
A pseudostatic factor of safety (FOS) of less than 1.0 indicates that permanent
deformations are likely during the ground motion and in these cases the deformation
is estimated using Jibson (Ref.18).
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8.2. Shear Strength Design Parameters
8.2.1. Insitu Rock
Two sets of shear strength parameters have been adopted for the insitu rock. A lower
shear strength is used for the shallow rock (less than 8m depth below original ground
level) to take account of weathering. The shear strength parameters for the shallow
rock are the same as those previously used for the design of the TSF embankments
(Refs.9, 10 & 11). For the deeper less weathered rock the design parameters have
been taken as a lower bound of the rock strengths typically used for the pit design at
the Macraes Gold Project. The shear strength parameters do not take account of any
major discontinuities or shear zones in the rock. Specific stability analyses may be
required where such features are encountered, and the features are unfavourably
dipping towards the pit.

Rock shallower than 8m below original ground level.
Effective cohesion
Effective friction angle

= 50kPa
= 40 degrees

Rock greater than 8m below original ground level.
Effective cohesion
Effective friction angle

= 150kPa
= 45 degrees

8.2.2. Waste Rock
The following design parameters have been used for the waste rock in the design of
the existing TSFs (Refs.9, 10 & 11) and water storage embankments on site and also
adopted for the analyses covered by this technical report. The shear strength
functions for Zones A and B and Zone C are plotted below Table 2. The strength of
Zones A, A1, B and B1 is assumed to be the same, as is Zone C1 and C2. For
analysis these materials are therefore considered together and referred to as Zone A,
Zone B and Zone C.

Zones A & B
Density
Shear strength ( )

Zone C
Density
Shear strength ( )

22.5 kN/m3
= 2.43 v’0.83 where
overburden pressure

v

21.5 kN/m3
= 1.29 v’0.91 where
overburden pressure

v

’

is the effective vertical

’

is the effective vertical

File: 6786 - Macraes Round Hill East Project, Technical Report - Final (28.4.11)

Our Ref: 6786

28 April 2011

Page 15

8.2.3. Tailings
Static and liquefied shear strengths of the tailings are required for design. They are
discussed separately in the following sections.
8.2.3.1. Static Shear Strength
For design the following static shear strength parameters have been adopted
for the tailings, which are consistent with those adopted and reviewed for
the previous design of the TSFs at the Macraes Gold Project (Refs.9, 10 &
11).
Effective cohesion
Effective friction

0 kPa
35 degrees

8.2.3.2. Shear Strength During and Post Earthquake
During earthquake shaking the static shear strength parameters given in
Section 8.2.3.1 have been adopted for the tailings which have not liquefied.
In addition the following pore water pressure ratio (ru) has been adopted for
the non-liquefied tailings above the phreatic surface to allow for the possible
generation of elevated pore water pressure during earthquake shaking.
These assumptions are consistent with previous design of the TSFs at the
Macraes Gold Project (Refs.9, 10 & 11).
ru = 0.1 above the phreatic surface for 150 year return earthquake
ru = 0.2 above the phreatic surface for 475 year return earthquake
For the liquefied tailings the following post earthquake residual (undrained)
shear strength (Suliq) has been adopted based on an average of an empirical
design value determined from static cone penetration tests (Ref.14) and a
conservative laboratory test value. The determination of these parameters is
discussed in the EGL design reports for the MTI and SP11A TSFs (Refs.9
& 11) and have been reviewed and approved for Building Consent for the
TSFs at the Macraes Gold Project.
Design Suliq / ’v = 0.13
8.3. Liquefaction Potential of Tailings
The tailings are essentially a non-cohesive rock flour and, when saturated, may be
susceptible to liquefaction during earthquake shaking.
Several liquefaction
assessments have previously been carried out on the tailings in the MTI and SP11A
TSFs. These include assessments based on empirical relationships (NCEER Ref.15)
and QUAKE/W, a geotechnical finite element software program licensed by GEOSLOPE International Limited for the dynamic analysis of earth structures subjected
to earthquake shaking and other sudden impact loading. In 2009 Peter M Byrne Eng.
Ltd (PEBL) also carried out state of the art dynamic analyses on a representative
section of the MTI TSF to assess potential liquefaction and deformation (Ref.16).
On the basis of these analyses it has been conservatively assumed for design of the
TSFs and the Macraes Gold Project that liquefaction will occur in the saturated
tailings below the phreatic surface for earthquake ground motion with an average
return period of 475 years, or greater (Refs.9 & 11). For lesser return period
earthquakes (e.g. 150 years) no liquefaction is predicted below the phreatic surface.
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These assumptions have been reviewed and approved for existing Building Consents
for the TSFs at the Macraes Gold Project.
8.4. Phreatic Surface
The phreatic surface used for the detailed design of the existing MTI and SP10
Embankments (Refs.9 & 10) has been adopted for the local stability analyses of the
TSFs covered by this technical report. The design phreatic surface for the
deconstruction of the SP11A TSF and construction of the RTS is discussed in the
following relevant sections.
8.5. Mixed Tailings Embankment
8.5.1. General
A plan and section showing the MTI TSF, RTS and proposed Round Hill – Southern
Pit excavation is included in Figures B1 and B2 (Appendix B) respectively. The
section shown in Figure B2 has been used for the stability analyses and includes the
RTS constructed to full height on the MTI TSF.
The stability analyses carried out for this technical report are primarily to investigate
the local stability of the TSF, as discussed in Section 8.1. The analyses indicate that
the critical slip surfaces include shearing along the Footwall Fault (i.e. potential
failure surfaces through the rock mass overlying the Footwall Fault have a higher
FOS). Circular failure surfaces have been used to analyses the FOS through the
general rock mass (i.e. local stability). However, because the critical failure surfaces
have extended down to the Footwall Fault, further non-circular stability analyses
have been carried out to analyses continuous shear failure along the Footwall Fault.
The main difference between the analyses presented in this technical report, and
those carried out by PSM (Ref.8), is that the analyses in this report just consider two
dimensional limit equilibrium to determine the FOS. The analyses by PSM consider
two and three dimensional analyses with emphasis on determining the likely
deformation along the Footwall Fault during mining.
Further stability analyses will be required for detailed design for Building Consent.
At the same time it is proposed that state of the art dynamic analyses also be carried
out to assess the behaviour of the MTI TSF (e.g. static liquefaction of the tailings)
when the anticipated ground movement occurs during mining of the Round Hill –
Southern Pit (refer Section 9.0). These analyses will be similar to those previously
carried out for the MTI RL539 embankment by Peter M Byrne Eng. Ltd (at the
University of British Columbia) (Ref.16).
8.5.2. Local Stability (Shear failure Through General Rock Mass)
The static stability analyses have been carried out for the highest phreatic surface
level in the tailings, applicable to that predicted when tailings discharge to the MTI
TSF stops. The groundwater table in the insitu rock is applicable to the current water
level with the existing pumping on the downstream shoulder of the MTI TSF (refer
Section 9.1). The slope stability analyses result in a minimum FOS of 1.58 (refer
Figure B3) which is greater than the minimum acceptable value of 1.5.
The computed post earthquake FOS is 1.37 (refer Figure B4) and assumes that the
tailings below the phreatic surface have liquefied (i.e. 475 year, or greater, return
period earthquake). The phreatic surface has been taken at the surface of the RL545
tailings, which is a conservative assumption since it is also assumed that the RTS has
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been constructed to full height. By the time the RTS has been completed the phreatic
surface will most likely have dropped several metres below the final tailings level.
The FOS is greater than 1.2, which exceeds the minimum acceptable value adopted
for design.
A simplified deformation analysis has been carried out to assess the permanent
deformation that could occur during a 475 year return period earthquake and the
MDE. The ground acceleration adopted for the pseudostatic stability analysis has
been taken as the peak ground acceleration (PGA) determined by GNS (Ref.12), and
shown in Figure 10. This should be conservative as any amplification due to the
ground geometry will be more than compensated by the out of phase shaking of the
large ground mass within the failure block assumed for the analysis. For detailed
design more sophisticated analyses should be carried out to determine the ground
acceleration using QUAKE/W, or similar. The pseudostatic stability analysis carried
out on the basis of the above results in a FOS less than 1.0. This indicates that some
permanent deformation can be anticipated during the earthquake shaking. Further
analysis has therefore been carried out to determine the yield acceleration of 0.14g
and 0.22g for the critical failure mass through the insitu rock for the 475 year return
period earthquake and MDE respectively (refer Figure B5 and B6). For a 10 percent
probability of exceedance the calculated permanent displacement using Jibson
(Ref.18) is 0.01m and 0.26m for the 475 year return period earthquake and MDE
respectively. It is considered unlikely that this permanent deformation will result in
any significant increase in seepage loss from the MTI TSF.
The above preliminary analyses show that the MTI has an adequate FOS for local
instability through the general rock mass (i.e. no unfavourable continuous
discontinuities, shear zones or faults). Permanent deformation during earthquake
shaking is within acceptable limits and is unlikely to significantly affect the
performance of the MTI Embankment.
8.5.3. Potential Shear Failure on the Footwall Fault
Non circular slope stability analyses have been undertaken to determine the FOS for
shear failure along the Footwall Fault with the length of the failure surface extending
different lengths down to the bottom of Round Hill – Southern Pit. The shear
strength parameters for the rock overlying the Footwall Fault have been varied, as
has the groundwater level in the insitu rock to check the effectiveness of dewatering
the slope. Note that for the stability analyses the rock underlying the Footwall Fault
has been given the same strength as the Footwall Fault. The reason for this is that
the profile of the Footwall Fault is determined from boreholes which show that the
fault is not perfectly straight. Using the same parameters ensures that if the assumed
failure plane extends locally below the Footwall Fault, due to slight deviations of the
fault, the lower strength for the fault will still be used in the analysis.
The first set of stability analyses has been carried out using the rock strength
parameters given in Section 8.2.1, applicable for intact rock with no significant
discontinuities to reduce the bulk rock strength. The groundwater table is taken just
below the pit wall slope allowing for some dewatering from the mining process.
Higher up the slope, near the MTI Embankment, the groundwater table is partly
depressed by the pumpwells operating in this area. The results of the stability
analyses are given in Figures B7 to B9, which also shows the assumed groundwater
table. The results show that the FOS is greater than 1.5, and reduces as the failure
surface extends further down the Footwall Fault.
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A second set of stability analyses has been carried out using what are considered to
be lower bound/more representative shear strength parameters for the rock in the area
where the release surface occurs. Observations during previous mining of Round
Hill and Golden Point Pits (refer Section 9.1), and the current Frasers Pit, show that
the pit floor heaves during pit wall deformation on the Footwall Fault. In the case of
Round Hill and Golden Point Pits, it was inferred (PSM Ref.8) that the heave
deformation occurred in a complicated fashion involving both the easterly dipping
faults (in the area of Northern Gully and Battery Creek Faults) and westerly dipping
discontinuous ramp shears. These discontinuities are likely to reduce the bulk rock
strength of the rock and the following shear strength parameters have been
considered for the rock in the release surface area, based on analyses carried out in
2000 by PSM (Ref.24).
Effective cohesion
Effective friction angle

= 47kPa
= 23 degrees

The analyses have been carried out for the same groundwater conditions as those
used for the above local stability analyses as well as for the condition with no
groundwater pressure on the Footwall Fault downstream of the MTI Embankment.
The results of the analyses are given in Figures B10 to B15. The results show that
the FOS is less than 1.0 (0.65 to 0.99) and there is a slight increase in the FOS (0.75
to 1.15) if no groundwater pressure is assumed on the Footwall Fault (i.e. most
optimistic groundwater drawdown). The analyses also show that the FOS reduces as
the potential failure surface extends further down the Footwall Fault (i.e. the FOS
reduces as the pit gets deeper during mining).
The above analyses are only two dimensional and the geometry of the potential
failure surfaces could be significantly affected by three dimensional effects. This
would tend to increase the FOS from that calculated above. The analyses show the
sensitivity of the FOS on the rock strength above the Footwall Fault in the area of the
release surface.
The above analyses show the significant affect mining of Round Hill – Southern Pit
potentially has on the stability of the MTI TSF, and the risk of deformations where
the FOS is less than 1.0. It will therefore be extremely important to fully understand
the mechanisms controlling movement on the Footwall Fault and determine
representative shear strength parameters for the rock overlying the Footwall Fault in
the area of the release surface. The analyses also show the beneficial effect of
dewatering to reduce the groundwater pressure on the Footwall Fault.
8.6. Southern Pit Option 11A TSF - During Deconstruction
The deconstruction of the TSF will comprise the excavation of the tailings within the
impoundment. At the same time the embankment crest will be kept sufficiently
above the tailings to ensure that the stormwater runoff can be maintained within the
TSF with an adequate freeboard. The stability of the embankment is therefore not
considered to be a significant issue as the embankment crest will always be above the
tailings. Initial deconstruction of the two upstream embankments will have to be
carried out with care to ensure that the excavation of the tailings does not result in
upstream failure of the embankment (i.e. failure towards the excavated tailings area).
Provided the tailings excavation does not extend significantly below the foundation
level of the individual upstream embankments, prior to commencement of their
removal, stability of the upstream embankments should not be a significant issue.
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The piezometers installed within the tailings, and recent cone penetration tests (CPT)
with pore water pressure dissipation tests, show that the tailings are well drained and
the pore water pressure profile is sub-hydrostatic beneath the phreatic surface. The
April 2010 CPT tests were carried out 2 months after stopping tailings discharge to
the SP11A TSF and the location of the tests and results are shown in Figures C1 to
C6 in Appendix C. Note that the CPT’s were all carried out through pre-drilled
sleeves down to the RL530 level to avoid refusal on the rockfill mattress drain at that
level. The exceptions are the CPT’s carried out furthest from the embankment which
were tested from the tailings surface level. In November 2011 a further five CPT’s
were carried out through the tailings to the maximum depth that they could
practically achieve (62m). The intention was to check if there was any significant
improvement in the tailings density below the depth that the CPT’s have previously
typically been carried out to (i.e. about 30m). The location of the CPT’s are shown
in Figure C7 and the results are plotted in Figure C8 (Appendix C). The CPT’s do
not indicate any significant increase in density below 30m depth. The pore water
pressure dissipation tests also show that the tailings are well drained with a variable
sub-hydrostatic piezometric profile with depth. Some of the dissipation tests indicate
zones at depth with effectively zero piezometric head (e.g. CPT2 to CPT 4 at about
RL505).
The CPT dissipation tests show that the phreatic surface is a few metres below the
surface of the tailings and therefore initial excavation of the tailings should not be
too difficult. However, as excavation proceeds the phreatic surface will be
intercepted making excavation and trafficking difficult. Stability of steep excavated
profiles could then become critical and some slumping may occur if not carefully
monitored and controlled. It is understood that the intention is to remove the tailings
predominantly using tractor pulled scrapers which will result in either a relatively
level, or slightly inclined excavation profile. Stability of the tailings is not
considered to be a significant issue under these circumstances. Trenches could also
be dug using excavators to improve drainage and allow sump pumping of seepage
water. The trench sides should stand at slopes of about 1(v) in 1.5(h) when fully
drained and about 1(v) in 3(h) below the phreatic surface where seepage could occur
on the cut slope. Local excavations and trenches deeper than about 3m depth should
be subject to specific design, especially where plant is running close by (say within a
distance equal to less than twice the excavation depth). The most critical situation
will be when the phreatic surface is close to the trimmed tailings level and vibration
from plant trafficking could cause the shallow tailings to liquefy and slump into the
excavation.
8.7. Southern Pit Option 10 TSF
On completion of tailings discharge to the next and final lift of the SP11A TSF the
tailings level is anticipated to be about RL543, or lower. Therefore when the SP11A
TSF is completely removed the resulting tailings level over the SP10 TSF will be
well above the embankment level of RL525, unless the tailings level is lowered as
part of the deconstruction of the SP11A TSF. The intention is to re-profile the
tailings level over the SP10 TSF leaving the tailings at about RL543 (i.e. final
tailings level) over the southern extremity of the TSF and then batter down to the
SP10 Embankment at a safe slope.
The most critical stability case for the re-profiled tailings surface will be post
earthquake, after assumed liquefaction of the tailings below the phreatic surface (ie
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475 year, or greater, return period earthquake). For the MDE case the phreatic
surface will have dropped significantly below the RL525 embankment crest level and
therefore shallow liquefaction and stability will not be a significant issue. The 475
year return period earthquake is therefore the most critical design case as it is
assumed that this earthquake could occur during the operation of the TSF, or shortly
thereafter, when the phreatic surface is still high.
The level of the phreatic surface is critical to the post earthquake stability analysis as
it defines the extent of assumed liquefaction. After closure of the SP11A TSF, and
commencement of deconstruction, the water on the surface of the TSF will be
pumped away and the surface tailings will start drying out. The phreatic surface will
also start dropping as the tailings drain. Excavation of the tailings will commence
around the SP11A Embankment then work back towards SP10 TSF. Consequently
by the time the excavation of tailings commences over the SP10 impoundment area
the phreatic surface will no longer be at the surface level of the tailings. Drainage of
the tailings within the SP10 impoundment will also be enhanced by horizontal
drainage due to the deeper excavation of the tailings to the north. For the stability
analyses it is therefore assumed that when the tailings are trimmed to their final
profile over the SP10 impoundment area, the phreatic surface will be below the
upper southern tailings surface level (taken as RL543). However, where the tailings
are trimmed to level over the northern area of the impoundment, close to the SP10
Embankment, the phreatic surface could be at or very close to the final tailings level.
Preliminary stability analyses have been carried out on this basis to assess the post
earthquake stability of various options for the final tailings surface profile.
Post earthquake stability analyses were initially carried out assuming a batter slope
from the SP10 Embankment sloping up uniformly to the RL543 level. This showed
that if the phreatic surface has not dropped below the final trimmed tailings level the
slope cannot be trimmed to steeper than 1(v) in 14(h) otherwise the post earthquake
FOS is less than 1.2. If the phreatic surface is 2m below the RL543 tailings level,
becoming progressively shallower to zero metres depth at the toe, the slope can be
trimmed to 1(v) in 13(h). Similarly, for the phreatic surface at 4m depth below the
RL543 tailings level the slope can be steepened to 1(v) in 12(h). These analyses
show that the stability of the slope is not very sensitive to the phreatic surface level at
the top of the slope and is being governed by the phreatic surface level at the toe of
the slope.
Further stability analyses were carried out assuming a surcharge rockfill toe berm at
the bottom of the slope as shown in Figure D1 in Appendix D. The toe berm will
form part of the rehabilitation layer for the TSF and can be profiled to control
stormwater runoff. For the stability analyses a 3m thick toe berm was assumed with
the phreatic surface level at the tailings surface level at the toe of the slope and
varying in depth at the top of the slope (RL543 level). If the phreatic surface is at the
tailings surface level at the top of the slope then the stability analyses confirm that
the slope can be trimmed to no steeper than 1(v) in 12(h) (refer Figure D2). To
steepen the slope to 1(v) in 11(h) requires that the phreatic surface be at least 3m
depth below the tailings surface at the top of the slope (Refer Figure D3).
The above analyses demonstrate that it is possible to re-profile the tailings within the
SP10 impoundment area without having to excavate the whole tailings surface down
to the RL525 level. The actual profile will depend on the phasing of the SP11A
deconstruction work, and hence phreatic surface level. It is recommended that
investigation is carried out during the deconstruction of the SP11A TSF to determine
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the phreatic surface level within the SP10 TSF area and hence confirm the safe
profile that the tailings surface may be trimmed to.
Longer term the re-routed Macraes-Dunback Road and new site access/haul road will
be built over the southern extremity of the TSF. Post earthquake stability analyses
have been carried out to check the feasibility of building the embankment and this
shows that the phreatic surface will have to have dropped significantly to achieve a
FOS of at least 1.2 (refer Figure 8D). If the phreatic surface has not dropped
significantly by the time that the embankment is constructed then some stabilisation
options will have to be considered. These may comprise one or a combination of
dewatering to lower the phreatic surface, increasing the size of the toe berm on the
tailings slope or ‘ground’ improvement such as stone or soil mix columns.
8.8. Southern Pit Option 10 Embankment – Proximity of Pit
The mining of Round Hill – Southern pit is proposed to extend as close to the SP10
Embankment as possible. Stability analyses have therefore been carried out to check
the stability of the SP10 Embankment for various ‘set back’ distances of the pit from
the downstream toe of the embankment.
The available geological information indicates that there are no significant faults or
shear zones dipping unfavourably to the north that could daylight in the pit wall.
Such features form zones of weakness creating potentially unstable failure
mechanisms. It is therefore anticipated that local instability of the SP10
Embankment will be governed by failure through relatively intact rock.
Stability analyses have been carried out to assess the stability of the SP10
Embankment with varying insitu rock strengths to check the sensitivity of the pit
location relative to the embankment. The typical section used for the analyses is
shown in Figure D4 in Appendix D. The stability analyses were carried out for
varying effective cohesion (c’) values from that given in Section 8.2.1 to assess the
sensitivity of the ‘set back’ distance to discontinuities in the rock which could
weaken the mass rock strength. Furthermore, a 4m toe berm depth and slope of 1(v)
in 8(h) has been adopted for the tailings surface upstream of the SP10 Embankment
to cover potentially more favourable conditions than those assumed in Section 8.7.
The stability analyses show that for a c’ of 50, 100 and 150kPa the required ‘set
back’ distance for static stability (FOS > 1.5) is 30, 20 and 10m respectively (refer
Figures D5 to D7 in Appendix D). Note that for the analyses shown in Figures D5 to
D7 the Suliq strength has been used for the tailings, applicable for post earthquake
stability with liquefied tailings, demonstrating that both the static and post
earthquake stability is satisfied. Furthermore the slip surfaces analysed have been
limited to upstream of the crest of the SP10 Embankment to ensure that the critical
slip surface passes through the embankment.
The above analyses show that it is possible to mine relatively close to the SP10
Embankment but further investigation will be required to check that there are no
significant unfavourably dipping defects. Regular mapping of the southern pit face
will be required during mining to check for such features. It is therefore
recommended that mining commence well north of the embankment and extend
southwards in a series of shallow benches. Any unfavourable dipping features can
then be identified early allowing remedial stabilising options to be implemented.
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These measures could include limiting the southern extent of the pit or redesigning
the profile of the southern pit face.
8.9. Reclaimed Tailings Stack
A plan of the proposed RTS and typical sections for the MTI TSF with upstream and
downstream embankments is shown in Figures E1 to E3 in Appendix E. These
sections have been used to carry out the stability analyses for the RTS. The RTS is
also included in the stability analyses for the MTI TSF discussed in Section 8.5.
Note that the stability analyses in this section only consider the RTS on the MTI TSF
in isolation, and any instability of the MTI Embankment could also impact on the
RTS.
The tailings will be placed and compacted in the RTS in a partially saturated state
and therefore liquefaction of the tailings is not feasible and peak shear strength
parameters may be adopted. However, a pore water pressure ratio of 0.2 has been
adopted for the tailings to allow for some softening during earthquake loading.
The most critical stability case will be post earthquake after liquefaction of the
tailings below the phreatic surface (ie 475 year, or greater, return period earthquake).
For the MDE case the phreatic surface will have dropped significantly reducing the
extent of shallow liquefaction and therefore the FOS will be greater than that for the
475 return period earthquake. The 475 year return period earthquake is therefore the
most critical design case as it is assumed that this earthquake could occur during the
operation of the TSF, or shortly thereafter, when the phreatic surface is still high.
For the preliminary analysis of the RTS and upstream MTI Embankment, the
phreatic surface has been taken at the RL545 tailings level then assumed to drop
linearly to a lower level against the upstream shoulder of the main downstream
embankment. The RTS is assumed to be partially saturated with a 1(v) in 8(h) side
slope. Monitoring of piezometers in the tailings shows that over a large portion of
the TSF the phreatic surface is below RL509 against the upstream shoulder of the
downstream embankment. For the phreatic surface at this level (i.e. RL509) the
stability analyses show that the Main Toe Berm (refer Figure 5 for location of berm)
has to be at RL520.5 for the post earthquake FOS to be greater than 1.2 (Refer Figure
E4). The highest phreatic surface level against the downstream embankment is at
about RL513 and if this level is adopted then the stability analyses show that the
Main Toe Berm level has to be at RL526 to achieve the required FOS (refer
Figure E5).
For the preliminary analysis of the RTS and full height downstream MTI TSF (i.e.
west and southern portion of the MTI Embankment) it is assumed that the phreatic
surface is at the RL545 tailings level. Stability analyses show that for the RTS side
slope at 1(v) in 5(h) a 5m thick toe berm will be required to achieve a post
earthquake FOS of at least 1.2 (refer Figure E6).
Further stability analyses will be required for detailed design of the RTS for Building
Consent, including confirmation of the safe rate of rise of the RTS (i.e. check the
generation of pore water pressure in the saturated MTI tailings and consequence on
stability). During the first year of construction the rate of rise of the RTS increases
from about 8 to 10m/year. Over the second year it increases from about 10 to
14m/year due to the smaller working area on top of the RTS. At the same time it is
proposed that independent state of the art dynamic analyses will also be carried out
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to assess the behaviour and deformation of the RTS under seismic loading, similar to
that previously carried out for the MTI RL539 embankment by Peter M Byrne Eng.
Ltd (at the University of British Columbia) (Ref.16).
The above analyses show that it is possible to construct the RTS on the MTI TSF.
The actual profile of the RTS, and requirement for stabilising toe berms, will have to
be confirmed during detailed design and will require further investigation and
confirmation of the phreatic surface level and pore pressure within the tailings. To
confirm the phreatic surface level in the tailings it is recommended that further
piezometers are installed within the tailings, including upstream of the RL545
embankment. CPT’s with pore water pressure dissipation tests should also be carried
out through the tailings at representative locations to assess the consistency of the
tailings and piezometric profile with depth.
9.0

MOVEMENT OF THE FOOTWALL FAULT FROM MINING
CONSEQUENCE ON THE MIXED TAILINGS IMPOUNDMENT TSF

AND

The Footwall Fault daylights beneath the MTI TSF (refer Figure 3) and dips to the east.
Proposed mining of the Round Hill – Southern Pit is expected to reactivate movement on
the Footwall Fault which will in turn result in movement over the eastern portion of the
MTI TSF. The SP11A TSF will have been deconstructed when the mining works
commence and the SP10 TSF is not expected to be significantly affected by the
deformation. Therefore only the MTI TSF will be significantly affected by movement on
the Footwall Fault due to the mining operation. The Process Plant, to the north east of the
MTI TSF (refer Figure 2), will also be affected by the movement but the consequences of
the deformation on it is outside the scope of this report.
9.1. Historical Movement on the Footwall Fault
The history of the movement on the Footwall Fault during previous mining activity
on site is discussed in PSM’s report (Ref.8). Movement was first observed in 1995,
four years after mining first started, on the west wall of the Round Hill Pit
immediately east of the MTI TSF. Extensive investigation was carried out and
monitoring implemented to measure the movement. The mining was thereafter
controlled by limiting the rate of movement on the fault through a combination of
stop/start mining and depressurisation of the slide mass using horizontal drains and
vertical pumpwells located on the eastern abutment of the MTI TSF. Mining was
completed in 1998 and the pit partially backfilled.
Mining of Golden Point Pit, to the north of Round Hill Pit, commenced in 1999 and
movement was re-initiated on the Footwall Fault. Further investigation and
monitoring was carried out while mining the pit and a similar stop/start mining
operation adopted as for Round Hill Pit. Partial backfilling of the Golden Point Pit
was carried out while mining to buttress the sliding mass and horizontal drains and
dewatering wells were installed to reduce the water pressure. Mining was completed
in 2002 and the pit partially backfilled which effectively stopped the movement on
the fault.
About 5m of lateral movement occurred on the Footwall Fault beneath the MTI TSF
during the mining of Round Hill and Golden Point Pits. The movement has impacted
on the MTI eastern embankment and abutment. The movement resulted in
deformation of the MTI Embankment with cracks evident in the embankment crest
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and downstream shoulder and in the insitu ground downstream of the embankment.
The rate of movement (mm/week) and direction of movement that occurred during
the mining of Golden Point Pit is shown in Figure F1 (Appendix F) together with the
locations of the cracks. Also included in Appendix F are the plots of measured
deformation with time at the deformation monitoring stations FT19 and FT20 and 40
to 42 (refer Figures F2 to F6). These stations are located east of the Footwall Fault
on the MTI Embankment and natural ground immediately downslope of the toe of
the embankment (refer Figure F1 for their location). The plots show how the
movement effectively stopped on completion of mining with only minor subsequent
ongoing creep.
The MTI TSF performed as expected and no significant adverse effects have been
noted in the MTI TSF due to the deformation. This is because the TSF includes the
following mitigation features:(i)

The decant pond is located at the southern end of the TSF and is
maintained well clear of the embankment in the vicinity of observed
deformation.
(ii) The tailings are generally cohesionless (silty fine sand) with a high friction
angle and monitoring indicates that the tailings are reasonably well drained
with sub-hydrostatic piezometric levels
(iii) The embankment includes a chimney drain (refer Figure 5 & 11).
Although the chimney drain is not continuous along the entire
embankment, it was initially located where differential settlement is more
likely to occur then extended over the eastern abutment after the
deformation on the Footwall Fault was observed (refer Figure F7). On the
eastern abutment the chimney drain is 2.5m wide over the lower section.
(iv) The embankment includes graded transition zones.
(v) The embankment includes a significant downstream rockfill shoulder
which is not susceptible to erosion.
(vi) The MTI TSF includes an extensive system of subsoil drainage (refer
Section 5.4).
(vii) Pumpwells have been installed through the downstream shoulder of the
MTI TSF to intercept groundwater seepage through the rock fractured by
the deformation. The pumpwells extend down to the Footwall Fault, at
about 100m depth, and are located in the area of deformation stations 40
and 41 (refer Figure F1). They currently pump at about 10 l/sec. There is
a standpipe piezometer within about 20m of the pumpwells and it reacts
very quickly to the pumping. If the pumping rate reduces significantly,
say for maintenance, the piezometric head in the standpipe can rise about
50m within 2 to 3 days.
(viii) Extensive deformation, piezometer and seepage monitoring is carried out
on the MTI TSF.
9.2. Anticipated Future Movement on Footwall Fault due to Proposed Mining
PSM has carried out a detailed study to predict the possible future movement on the
Footwall Fault due to mining Round Hill – Southern Pit (Ref.8). Their study is based
on back analysis of historical observed deformation of pits at the Macraes Gold
Project and various theoretical analyses. On the basis of a stop/start mining
operation, controlled by an appropriate management plan (i.e. control mining
activities using trigger levels to limit the measured rate of deformation), PSM
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estimate that about 10m of deformation could occur in the rock underlying the MTI
Embankment due to movement on the Footwall Fault.
Mining of Round Hill – Southern Pit will need to be carefully managed and PSM has
provided a number of recommendations (Ref.8). They state that when mining
operations commence it will be critical to review and interpret the monitoring data on
a daily basis to allow action to be taken to prevent large uncontrolled movement.
Trigger levels are proposed on the rate of movement. Ongoing interpretation of the
monitoring data will be required and, if necessary, trigger levels amended. It may
also be necessary to modify the pit profile and sequence of mining.
The report prepared by PSM has been reviewed by Kevin Rosengren & Associates
Pty. Ltd and they are generally in agreement with the work carried out but consider
that the movements predicted by PSM may represent a lower estimate of what could
occur. URS (Ref.23) has also reviewed PSM’s report and conclude that the
movements could be 100% larger depending on the three dimensional movement
patterns within the fractured rock mass in the pit (i.e. deformation of about 20m).
9.3. Potential Consequences of the Future Movement on the Footwall Fault
Mining of the Round Hill – Southern Pit will commence some time after the
termination of tailings discharge to the MTI TSF. By the time that significant mining
of the pit has taken place the RTS will be complete on the MTI TSF. This means
that there will be no water ponding on the MTI TSF near the eastern embankment
from the tailings discharge, or stored for pumping back to the plant. The tailings will
also have started to dry out and the phreatic surface commenced dropping.
Consequently there will be no free surface water in the vicinity of the embankment
where cracking could occur as a result of movement on the Footwall Fault. These
factors significantly limit the potential for tailings erosion that could occur due to
cracking of the MTI Embankment, or fracturing of the underlying bedrock.
The possible impacts of the Footwall Fault movement on the MTI TSF, together with
their significance and proposed mitigation measures, are summarised below, and
discussed in the following subsections :Significant deformation of the embankment resulting in loss of freeboard
and/or development of tension cracks, leading to the potential for loss of
tailings.
Uncontrolled movement on the Footwall Fault.
Breach of the embankment resulting in localised uncontrolled loss/erosion of
tailings.
Breach of the low permeability core resulting in increased seepage loss.
Significant deformation resulting in the partial/complete loss of the subsoils
drains.
Increased fracturing of the underlying bedrock resulting in loss/erosion of
tailings and/or increased seepage loss.
9.3.1. Significant Deformation of the MTI Embankment
The MTI Embankment is essentially a zoned earth/rockfill structure as shown in
Figure 5 with the bulk of the downstream embankment to RL515 comprising rockfill
(Zone B and C). The low permeability (Zone A) is generally formed from well
compacted weathered rock of low plasticity. Deformation of the embankment is
unlikely to significantly affect the strength of the Zone B and C material which
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controls the stability of the downstream shoulder. Zone A fill is more brittle and will
tend to crack at low deformation. Provided the overall geometry of the embankment
is not significantly affected, the stability will similarly not be significantly affected
by the deformation.
It is anticipated that the deformation of the embankment during mining of Round Hill
- Southern Pit will follow a similar trend to that observed during previous mining
activity (refer Figure F1 in Appendix F). Figure F1 shows that the Footwall Fault
crosses the embankment obliquely and then daylights upstream of the upstream toe
of the embankment further south. Movement on the Footwall Fault is therefore
expected to result in predominantly shear deformation with some extension where it
extends across the embankment foundation. To the east the embankment will
generally move with the rock overlying the Footwall Fault. Based on previous
experience at Round Hill, Golden Point and Frasers Pits the rock is expected to break
into a series of blocks, with differential movement and a series of tension cracks
normal to the direction of movement. Significant differential movement and tension
cracks should be expected in the embankment which could in turn affect the stability
of the existing embankment. Movement of up to about 10 to 20m on the Footwall
Fault is significant but the embankment height, where the fault crosses the
embankment, is about 50 to 60m. This means that the distance between the upstream
and downstream toe of the embankment is about 200m (i.e. the movement is about 5
to 10% of the distance between the upstream and downstream toe). A single shear
crack of 10 to 20m displacement is possible at the bottom of the embankment,
depending on how the insitu rock fractures under the Footwall Fault movement, but
at the crest it will more likely manifest as a series of smaller shear cracks over some
distance along the crest (i.e. the rockfill will tend to distribute the shear with height
up the embankment). A similar mode of deformation was observed during previous
movement of the Footwall Fault.
The previous deformation monitoring included in Appendix F shows that further
south along the embankment, closer to the east abutment, the deformation became
progressively less (refer deformation at stations 40 to 42, Figure F4 to F6). It
appears that the bedrock over this area is breaking up in a series of deformation
zones, rather than one distinct plane. This is preferable as the distortion along the
length of the embankment is then spread over some distance which is less onerous on
the embankment. However, the mode of deformation will be a function of the pit
location and dimensions and could be different when mining Round Hill – Southern
Pit.
Movement on the Footwall Fault and embankment will result in shearing of the
tailings within the TSF. This could result in increased seepage out of the tailings
and, combined with the cracking of the insitu rock, an increase in the water pressure
on the Footwall Fault. Previous experience has shown that movement on the
Footwall Fault is significantly affected by the water pressure and therefore shearing
of the tailings could increase deformation.
In conclusion it is anticipated that with about 10 to 20m of movement on the
Footwall Fault the MTI Embankment will experience significant deformation and
cracking and there is the potential to increase the water pressure on the Footwall
Fault. Progressive removal of the toe buttress and basal rock, combined with rising
pore water pressure on the fault may alter the “stick-slip” behaviour of the pit slope,
increasing the risk of uncontrolled movement of the fault. Uncontrolled movement
of the fault could significantly affect the hydraulic integrity of the portion of the TSF
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embankment founded on the Footwall Fault. Dewatering of the Footwall Fault will
therefore be a critical factor for the success of the mining operation and for
maintaining the stability of the MTI Embankment.
9.3.2. Uncontrolled Movement on the Footwall Fault
This mode of movement potentially represents the worst case scenario with
movement of the Footwall Fault becoming uncontrolled and failure occurring.
Should this occur then it is possible that a portion of the Plant Site, eastern portion of
the MTI TSF and some of the RTS could displace significantly ending up in the
Round Hill – Southern Pit. Whether the failure debris is completely contained within
the Round Hill – Southern Pit, and does not overflow into Deepdell Creek, will
depend on the extent of mining that has taken place and the extent of the failure (i.e.
available volume within the pit to contain the failure debris). If an uncontrolled
failure did occur it is more likely to occur when mining is nearing completion with
the greatest available pit volume to contain the failure. PSM (Ref.8) anticipate that
movement rates on the Footwall Fault will start to increase when mining extends
below about RL400 and then significantly increase below RL350. The maximum
depth of mining is shown at about RL230. The greatest risk of uncontrolled failure is
therefore anticipated to be when mining extends below about RL350.
To assess the likely consequences of an uncontrolled failure on the Footwall Fault a
series of analyses have been carried out to determine whether a breach of the MTI
TSF can be contained in the pit, or will overflow and possibly extend down to
Deepdell Creek. The MTI TSF will be closed early 2012 and all the water will be
pumped off the surface of the TSF. Construction of the RTS will commence later in
2012 and at this stage there will be no water ponding on the TSF. From the
anticipated mining program the bulk of the movement on the Footwall Fault will
occur between 2015 and 2017, which allows some time for desaturation of the
tailings before the critical mining stage is reached (i.e. the greatest risk of failure).
The containment volume in Round Hill – Southern Pit is constrained by the existing
ground around the northern perimeter of Golden Point Pit. It is about RL405 at the
lowest point. The ground surface then rises further south towards Round Hill –
Southern Pit where it is at least RL432.5. The available containment volume has
been calculated assuming that the tailings deposited as a result of the failure of the
TSF will slope up at 1(v) in 16(h) (3.6 degrees) from the northern area of Golden
Point Pit to RL432.5 and will then be level at this elevation over the remainder of
Round Hill – Southern Pit. Mining of Round Hill – Southern Pit to RL340 and full
depth (RL230) will give containment volumes of 33.6 and 41.5Mm3 respectively.
The volume of tailings released as a result of an uncontrolled failure on the Footwall
Fault will depend on the width of the breach and the resultant headscarp slope in the
MTI TSF. Three different scenarios have been considered and these are shown in
Figures H1 to H3 in Appendix H. In all cases it is assumed that the width of the
breach at the Footwall Fault is 100m, and extends up at 60 degrees through natural
ground and the TSF embankment. In the MTI TSF, tailings headscarp slopes of 5,
10 and 15 degrees have been adopted together with a slope of 15 degrees through the
RTS. The extent of the tailings headscarp is shown in Figures H1, H2 and H3 for
slopes of 5, 10 and 15 degrees respectively. The corresponding volume of tailings,
embankment and natural ground associated with these potential breach scenarios of
the MTI TSF are summarised below.
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Breach Volume
44.8 Mm3
20.2 Mm3
12.5 Mm3

Comparing the above volumes to the available containment volume in the existing
Golden Point Pit and Round Hill – Southern Pit demonstrates that a breach of the
MTI TSF can be fully contained provided the headscarp slope within the TSF is not
less than about 8.0 degrees for mining to RL340 and 6.5 degrees for mining full
depth respectively. These calculations are conservative because the tailings
downstream of the breach will tend to fan out. They will then slope up to the mouth
of the breach, increasing the storage capacity in the pit area and reducing the volume
lost through the breach. The ridge of natural ground on which the MTI Embankment
is constructed may also not slide all the way down into the pit. This will tend to
‘dam’ the tailings reducing the volume lost through the breach.
An investigation has been carried out to assess the likely headscarp slope in the
tailings and reference is made to Blight (Ref.25) who documents the failure of five
TSFs (4 gold mines and 1 platinum mine). The headscarp slope is given for four of
the failures and for 3 of the cases, which did not involve overtopping of the
embankment after heavy rainfall, the slope angles were 24, 15 and 6 to 10 degrees.
The fifth case was also not an overtopping failure and the photograph of the failure in
the paper shows a steep headscarp of at least greater than 15 degrees. The one TSF
which failed through overtopping had a headscarp varying between 3 to 5 degrees.
Erosion of the tailings from the escaping water on the TSF appears to be the
contributing factor to the shallow headscarp.
On the basis of the historical TSF failures (Ref.25) it is anticipated that the resultant
headscarp in the MTI TSF will be equal to or steeper than 6 to 8 degrees required for
the resultant breach volume to be contained within the pit. Uncontrolled failure on
the Footwall Fault should therefore result in the tailings lost through the breach being
fully contained by Golden Point Pit and Round Hill – Southern Pit. The greatest risk
would be if the natural ridge on which the MTI Embankment is constructed does not
slide all the way down into the pit and deflects some of the tailings to the north. This
would reduce the volume of tailings lost but could deflect some of the tailings
towards the Process Plant and down to Deepdell Creek. The mitigation, should the
measured deformation on the Footwall Fault indicate unacceptable trends, would be
to construct a deflection berm on the ROM Pad immediately south of the Process
Plant. The deflection berm would be positioned to redirect tailings flow to Golden
Point and Round Hill – Southern Pit.
Uncontrolled movement on the Footwall Fault is potentially catastrophic. However,
as demonstrated above, a breach of the TSF will most likely be fully contained
within the Golden Point and Round Hill – Southern Pit. Also mitigating this type of
catastrophic failure is the considerable experience in mining of Round Hill, Golden
Point and Frasers Pits using the stop/start procedure with observational method
trigger levels on the rate of movement (Ref.8). However, it will be necessary to
confirm that the “stick-slip” mechanism observed to date will continue for future
stop/start mining in Round Hill – Southern Pit.
To minimise the risk of uncontrolled movement on the Footwall Fault it will be
essential for the dewatering system to maintain a low water pressure on the fault. It
will be necessary to control stormwater runoff from the MTI in the vicinity of the
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Footwall Fault so that the runoff cannot enter directly through the cracks that may
develop in the MTI embankment, or in the adjacent natural ground above the
Footwall Fault. Controlling the stormwater runoff will also help the tailings to desaturate quicker.
9.3.3. Breach of MTI Embankment and Loss/Erosion of Tailings
There will be no significant ponding of water on the top of the MTI TSF near the
eastern embankment. If a breach of the embankment occurs (eg. shallow crack due
to the deformation) then no significant washout erosion of the tailings is feasible.
Experience to date with the TSFs at the Macraes Gold Project shows that test pits in
the tailings can be dug up to about 3m depth without any significant sign of slumping
several months after tailing discharge stops. This demonstrates that the shallow
partially saturated tailings will not readily flow through a crack in the embankment.
The likelihood of a large crack forming in the embankment, without prior remedial
work, is also low if the mining operation can be managed by limiting the rate of
movement of the Footwall Fault. Careful monitoring will be carried out during the
mining activities and any cracks that progressively form in the embankment can be
repaired. However, uncontrolled movement could cause a much larger breach that
could allow a larger mass of tailings to be released. In mitigation, the lack of a water
pond on the TSF will reduce the volume of tailings involved.
It is possible that cracks will form lower down in the embankment within the Zone A
low permeability zone. These cracks would not be detected on the surface of the
embankment and therefore unable to be progressively remediated. The cracks could
also form below the phreatic surface, where the tailings are saturated, increasing the
likelihood of liquefied tailings flowing through the crack. Taking into account the
amount of movement that has taken place to date on the Footwall Fault (up to 5m),
and that could take place in the future (10 to 20m), it is therefore likely that there
would be areas of the embankment where Zone A has sheared and opened up
sufficiently for there to be a direct unprotected path for the tailings to flow through to
the downstream rockfill (Zones B and C). In such circumstances there is the
potential for some tailings to flow through to the downstream rockfill, especially if
subject to earthquake ground motion. However, the loss of tailings through Zone A
is anticipated to be limited for the following reasons.
The tailings at depth are at a relatively high density and draining, and will
tend to dilate when sheared, thus reducing their mobility.
Zone B rockfill has been compacted in 600mm thick layers immediately
downstream of the Zone A low permeability core. Significant breakdown of
the Zone B rock surface occurs on each layer during placement and
compaction by the mine equipment. The rockfill therefore effectively
comprises a horizontal layered rockfill material with about 400mm of coarse
free draining rock interlayered between about 200mm of broken and crushed
compacted finer rock. An indication of the extent of breakdown of these fine
layers is demonstrated during construction where, after rainfall, the water can
pond on the surface for considerable time. The driving head to force the
tailings through the rockfill will therefore be inhibited by the layered rockfill.
Furthermore, the viscosity of the tailings within the voids of the rockfill will
develop significant resistance against the driving head forcing the tailings
towards the downstream shoulder of the embankment.
The pore water pressure within the tailings below the phreatic surface is subhydrostatic (i.e. the piezometric head at a particular depth is less than the
depth below the phreatic surface – similar to that observed in SP11A TSF and
File: 6786 - Macraes Round Hill East Project, Technical Report - Final (28.4.11)

Our Ref: 6786

28 April 2011

Page 30

shown in Figures C2 to C6 in Appendix C). Fieldwork and piezometers
indicate that in the MTI TSF the piezometric level is generally less than 60%
of hydrostatic, indicating downward drainage. The hydraulic gradient
causing the flow of tailings through any crack in Zone A is therefore reduced
with depth. Furthermore, once the tailings flow through into the downstream
rockfill they will start to drain (i.e. the porewater pressure will progressively
dissipate in the tailings) and the drainage length increase. At some point
equilibrium will be reached where the hydraulic gradient is insufficient to
drive the tailings further through the rockfill. This point should be reached
well before the tailings reach the downstream shoulder of the embankment.
If the tailings liquefy after an earthquake event, or from the deformation (eg.
static liquefaction), they are likely to flow further through the rockfill. Even
with liquefied tailings it is still considered unlikely that they will reach the
downstream shoulder of the embankment. If they do, any discharge of
tailings on the downstream shoulder should be minimal. After the movement
event and the excess porewater pressures dissipate, the tailings within the
rockfill will drain and become partially saturated.
Therefore it is unlikely that a significant volume of tailings would be lost through a
breach or piping into the downstream rockfill embankment. The most significant
issue of the breach and loss of tailings is increased seepage loss from the TSF (i.e.
environmental issue). Any seepage loss will tend to drain to the Round Hill –
Southern Pit where it will be collected and pumped back as part of the mining
operation, or accumulate with the long term water within the pit.
With time and as the phreatic surface slowly drops to its equilibrium level in the
tailings, the risk of tailings and seepage loss reduces.
9.3.4. Deformation Causing Loss of Subsoil Drains
Movement on the Footwall Fault during previous mining operations appears to have
already damaged some of the subsoil drains just south of where the Footwall Fault
crosses the embankment. The upstream cut-off and chimney drain base collector
drains which used to discharge to the manhole just south of the Process Plant
(referred to as the Eastern Manhole) no longer flow. Movement of the Footwall
Fault has most likely damaged the outlets from these drains. However, the damage
to these drains does not appear to have had any significant effect on the behaviour of
the TSF in this area as indicated by the monitoring data. Future movement of the
Footwall fault could result in damage to the subsoil drains located further south
which currently discharge to a manhole closer to the eastern abutment (referred to as
the Far Eastern Manhole).
The MTI Embankment is constructed along a ridgeline over the area where it could
be affected by movement on the Footwall Fault. Seepage loss, due to a breach or
blockage of any subsoil drains, will likely end up either in Round Hill – Southern Pit,
or possibly on the Plant Site and then drain to the Environmental Sump, or in the
seepage collection Sump B located at the toe of the MTI Embankment in Maori
Tommy Gully. The additional seepage will then be handled with the other seepage
and surface water as part of the ongoing mining operation.
The need for the subsoil drains becomes less critical when the discharge of tailings to
the MTI TSF stops. The main advantage of the drains thereafter is to continue aiding
the drawdown of the phreatic surface and reduce the time until the equilibrium level
is reached.
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9.3.5.

Fracturing of the Bedrock Resulting in Loss/Erosion of Tailings and/or
Increased Seepage Loss
Loss/erosion of tailings and/or increased seepage loss is similar to the risks
associated with a breach in the embankment. The main difference is that the affected
tailings are likely to be at greater depth and the loss of tailings/seepage will be
predominantly in the vertical rather than horizontal direction. After the tailings flow
into the cracks they could flow horizontally within the rock.
Movement on the Footwall Fault that has occurred to date, and is currently observed
in Frasers Pit, indicates that the shallow overlying rock tends to break up with the
tension cracks about parallel to the strike of the fault (i.e. at about right angles to the
direction of movement). These tension cracks are generally at the top of the slump
block. Some tension cracks also occur parallel to the dip of the Footwall Fault in the
rock along the sides of the slump block. Inspection of Figure F1 (Appendix F)
shows that the historical movement is predominantly at right angles to the alignment
of the embankment. Tension cracks in the rock will therefore generally tend to be
parallel to the embankment alignment with fewer cracks extending under the
embankment and daylighting downstream. This reduces the risk of the tailings
entering the cracks and flowing long distances to escape beneath the embankment. If
tailings do flow into the cracks then it is likely that the flow will be terminated where
another crack crosses at right angles.
At the bottom of the TSF the tailings will also have a significant overburden pressure
and laboratory test results indicate that the tailings will tend to dilate on shearing
(Ref.1). Dilation of the tailings will tend to reduce their mobility. Furthermore, as
the crack slowly opens the tailings will tend to flow in and then reach some
equilibrium point where the frictional resistance in the crack is sufficient to resist the
hydraulic gradient driving the tailings.
Any loss of tailings will not undermine the main downstream embankment but could
potentially result in some settlement of the overlying tailings on which the upstream
embankments have been constructed. If the tailings do settle then both the contained
tailings and upstream embankments will settle similar amounts so that the
containment of the tailings is not necessarily significantly affected. If settlement did
occur some additional fill may be required on the embankments to reinstate surface
water drains that control stormwater runoff and possibly provide additional
protection to the impoundment of the tailings.
Cracking of the foundation rock could potentially result in greater seepage loss from
the TSF, and increased water pressure on the Footwall Fault. This could in turn
result in increased movement on the Footwall Fault exacerbating the seepage loss
(refer Section 9.3). However, since the cracks will radiate from the direction of
Round Hill – Southern Pit any seepage loss will tend to end up in the pit. The
seepage will be collected and pumped back as part of the normal mining operation,
or in the long term accumulate with the natural groundwater and surface runoff
within the pit.
9.3.6. Future Analysis
As part of the detailed design for Building Consent that will be carried out by PSM
and EGL for the mining of Round Hill – Southern Pit, and adjacent TSFs and RTS it
is proposed to undertake state of the art dynamic deformation analyse. These
analyses will be similar to those carried out by Peter M Byrne Eng. Ltd (at the
University of British Columbia) for the MTI Embankment at RL539 (Ref 16). The
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analyses will investigate the behaviour of the RTS and MTI TSF under earthquake
loading as well as the MTI Embankment overlying the Footwall Fault during mining
under earthquake loading and also as a result of the anticipated deformation due to
the mining. Large displacements are expected within the tailings due to the
movement on the Footwall Fault and the analyses will consider the potential for and
consequences of static liquefaction. Static liquefaction poses similar risks of
increased tailings loss, as for liquefaction due to earthquake shaking.
10.0 CONTROL OF SURFACE WATER RUNOFF
10.1. Recommended Flood Protection and Stormwater Runoff Design
The existing Resource Consents for the MTI and SP11A TSFs require them to be
designed and operated to completely contain the runoff from a 48 hour PMP rainfall
event with 1m freeboard. At the Macraes Gold Project the 48 hour PMP is 0.7m.
It will take about 2 years from the commencement of deconstruction of the SP11A
TSF and completion of the RTS, and other work necessary to allow the mining of
Round Hill – Southern Pit. During this construction phase it will be appropriate to
consider a lesser storm event than the PMP, then transition back to the PMP at
closure of the work on the TSFs and RTS. After closure there will be no need to
maintain 1m of freeboard as the facilities will all be rehabilitated.
For flood protection design NZSOLD states that medium PIC dams are usually
designed for between 1,000 to 10,000 year return period storm events. Since the
construction work is only about 2 years, it is recommended that during this period the
TSFs and RTS be designed to contain the 100 year return period 48 hour storm event
with 1m freeboard on those areas where the tailings have not been rehabilitated. On
the rehabilitated areas the stormwater runoff should be designed for a 100 year return
period rainfall.
10.2. Control of Stormwater During the Various Phases of the Work
The phasing of the work is discussed in Section 6 and Figures A1 to A10 are
included in Appendix A showing a plan and sections of the site at the various stages.
The following subsections discuss how the stormwater is to be controlled during the
various stages of the work and should be read in conjunction with the figures
included in Appendix A. Preliminary calculations have been carried out on the
assumption that the TSFs and RTS have to contain the 48 hour PMP event with 1m
freeboard. However, for detailed design it is recommended that a 48hr 100 year
return period rainfall event with 1m freeboard is adopted for tailings areas that have
not yet been rehabilitated.
Prior to the construction of the RTS the MTI tailings exposed on the RL533 and
RL539 benches will be rehabilitated, as will the section of the RL545 tailings beyond
the toe of the RTS. The outer slope of the RTS will also be rehabilitated as the RTS
is raised such that any runoff from the slope, and MTI tailings benches, below can be
treated as clean water and discharged directly to the existing water courses. The
clean stormwater collected around the perimeter of the MTI TSF will be discharged
using a series of rock lined channels on the downstream shoulder of the MTI
Embankment. Some reshaping of the MTI TSF surface will be carried out, in
conjunction with the rehabilitation, to divert the stormwater runoff to the discharge
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channels. Preference will be given to diverting the stormwater runoff to the lower
sections of the MTI Embankment (i.e. towards the east and west of the TSF). All the
clean water discharged from the MTI TSF will pass through the Maori Tommy Silt
Pond or Battery Creek Silt Pond (refer Figure 2) prior to entering Deepdell Creek.
Water collected on the TSF and RTS that has been in contact with tailings will be
pumped back to the Process Plant.
Interim Site Conditions – Mid 2013 (Figure A3 and A4)
Rainfall falling on the SP11A and SP10 TSF will be fully contained on the TSF
by the SP11A Embankment. The excavated tailings surface will be sloped down
to the north and the embankment will be maintained at the required height above
the tailings to contain the runoff with the required freeboard. Preliminary
calculations indicate that the crest of the embankment will have to be at least 5m
above the tailings surface against the upstream shoulder. During the initial stages,
while removing the upstream embankments, it may be necessary to excavate the
tailings to a lower level with the central area of the TSF to maintain sufficient
storage capacity for rainfall events.
The only tailings in the RTS not covered by a rehabilitation layer will be on the
top of the RTS, where the vehicles will be running and placing tailings. The
tailings surface over this area is to be sloped down towards the centre of the RTS
at about 1(v) in 100(h), as shown in Figure A2, to contain stormwater runoff. Any
stormwater runoff on the haul road from SP11A TSF will run back down to the
TSF. Preliminary calculations show that a 48 hour PMP event can be contained
within the depression on top of the RTS while maintaining a 1m freeboard.
Rainfall falling on the MTI TSF beyond the RTS will be controlled as described
previously.
Interim Site Conditions – Early 2014 (Figure A5 and A6)
Figures A5 and A6 show that the tailings within the SP11A TSF have been
excavated to below the crest level of the SP10 Embankment. At this stage the
tailings on the SP10 TSF will have a rehabilitation layer over the entire area such
that the stormwater may be considered as clean. The tailings and rehabilitation
layer will be shaped to divert the stormwater runoff to the north east corner of the
TSF. From here the water will be conveyed by a drainage channel towards the
AR3 Haul Road (refer Figure A5) and then handled as part of the Mine Site
stormwater runoff. All this stormwater passes through a silt pond prior to
discharge to Deepdell Creek.
Any stormwater runoff within the SP11A TSF will be contained by the SP11A
Embankment. Preliminary calculations show that the embankment will have to be
at least 3.5m above the tailings surface level against the upstream shoulder to
contain a 48 hour PMP event with 1m freeboard. The height is reduced because
of the reduced catchment area (SP10 TSF clean water diverted).
The rainfall falling on the top of the RTS will be contained by shaping the tailings
surface to fall to the centre of the RTS, as described previously. Preliminary
calculations show that at this stage there will only be about 0.5m freeboard if a 48
hour PMP event has to be contained. If the rainfall is reduced to a 1,000 year
return period event then the freeboard is about 1m. At this stage of the work it
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may therefore be necessary to steepen the slope around the perimeter of the top of
the RTS to increase the storage capacity to contain rainfall. Alternatively
consideration could be given to maintaining a higher freeboard on the SP11A TSF
and drain excess water from the RTS down to the SP11A TSF using the haul road.
Rainfall falling on the MTI TSF beyond the RTS will be controlled as described
previously.
Interim Site Conditions – Mid 2014 (Figure A7 and A9)
The control of stormwater runoff on SP10 TSF is as described previously. At this
stage the SP11A TSF is completely removed and therefore stormwater runoff is
not an issue.
Figure A7 and A8 show the RTS completed and the top surface rehabilitated. All
stormwater runoff from the RTS is therefore ‘clean’. The completed upper
surface will be shaped to drain the stormwater runoff to the south east corner of
the RTS. From here it will be collected and conveyed by a drainage channel,
excavated into natural ground, to discharge to the natural ground south of the MTI
TSF, as shown in Figure A7. Rainfall falling on the MTI TSF beyond the RTS
will be controlled as described previously.
Final Site Conditions – Early 2018 (Figure A9 and A10)
There are no changes to the stormwater runoff control from that described
previously except that the runoff from SP10 TSF will ultimately end up in the
Round Hill – Southern Pit.
11.0 POTENTIAL TAILINGS SEEPAGE INTO ROUND HILL – SOUTHERN PIT
It is anticipated that ground movement will occur over the eastern area of the MTI TSF
during the mining of Round Hill – Southern Pit (Ref.8), as discussed in Section 9.
Movement of the ground occurred during previous mining activity in this area and resulted
in fracturing of the bedrock and deformation of the MTI Embankment. The fracturing of
the rock will have increased its mass permeability and hence seepage loss from the MTI
TSF. Most of this seepage will be towards the east where the mining was carried out.
With the anticipated further ground movement, from mining Round Hill – Southern Pit, it
is possible that further seepage loss may occur and the seepage could end up in Round Hill
– Southern Pit.
The initial ground movement was first observed in 1995. After further mining and
deformation, pumpwells were installed on the eastern abutment of the MTI TSF in 1996, as
shown in Figure G1, to reduce the porewater pressure on the Footwall Fault along which
the movement was occurring. Horizontal pressure relief wells were also installed from the
pit face. The pumpwells are still operational, with some additional pumpwells added over
the years, and pump continuously. The pressure relief wells have been lost and/or covered
by the backfill to the pit. The pumpwells therefore currently intercept seepage from the
MTI TSF. The average total pumping rate from the wells is about 10 l/sec and it is
anticipated that most of this will be seepage loss from the MTI, rather than just
groundwater.
The MTI TSF has a substantial network of subsoil drains to intercept seepage at ground
level, as well as drains within the tailings, as discussed in Section 5.4. The subsoil drains
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are shown in Figure G1, in Appendix G, and on the cross section in Figure 5. The seepage
from the drain outlets is regularly measured. During resting of the MTI TSF the average
flow from the drains over the eastern area of the TSF (i.e. from about where the Footwall
Fault daylights - refer Figure 3) is about 5 l/sec. This is not all the seepage that could
potentially be collected as some drains were lost during the previous movement on the
Footwall Fault and no longer flow. If these drains were still flowing then the total seepage
collection could be about 8 l/sec.
The above provides an indication of the potential seepage loss from the MTI TSF to Round
Hill – Southern Pit if the pumpwells were no longer operated and the remaining seepage
drains were lost and the seepage drained towards the pit. On this basis the seepage loss
could be about 20 l/sec, allowing for the drains not collecting all the seepage.
A simple upper bound seepage estimate could also be made by calculating the vertical
seepage loss from the tailings east of where the Footwall Fault outcrops beneath the MTI
TSF, assuming that all this seepage ends up in Round Hill – Southern Pit. The seepage
loss can be estimated knowing the permeability, hydraulic gradient and area of the tailings
over which the seepage occurs. Laboratory permeability tests on the tailings (Ref.1) give
permeabilities ranging from about 1 x 10-6 to 5 x 10-8 m/s. These higher permeabilities are
most likely applicable for the coarser tailings and do not take account of observed thin
horizontal silt lensing in the tailings which will reduce the effective bulk vertical
permeability. In addition, the test results indicate a reduction in permeability with
confining stress and therefore the tailings towards the bottom of the TSF, under high
confining stress, will tend to have a lower permeability. On this basis it is considered that
the representative bulk permeability for the vertical seepage estimate will be between 5 x
10-7 to 5 x 10-8 m/s. Monitoring of piezometers and CPT pore water pressure dissipation
tests shows that below the phreatic surface in the tailings the pore water pressure profile is
sub-hydrostatic, and generally less than 60% of hydrostatic. Using this information the
estimated seepage loss from the tailings is between 6 to 60 l/sec (for a hydraulic gradient of
1.0 the seepage loss increases to between 10 to 100 l/sec). This seepage calculation is very
conservative as it assumes that the seepage can drain unimpeded from the bottom of the
tailings. This will not be the case where there is intact rock. Most of the seepage loss
would therefore occur where there is fractured rock which will reduce the total seepage
loss.
From the measured seepage records and theoretical calculation it is considered that the
total seepage loss from the MTI TSF to Round Hill – Southern Pit could be about 30 l/sec
if all the subsoil drains were lost and the pumpwells no longer operated. This rate of
seepage is expected to slowly reduce with time as the phreatic surface in the tailings slowly
drops following completion of tailings discharge into the MTI TSF and rehabilitation
which will result in reduced infiltration. In the long term the equilibrium phreatic surface
could be lower than some of the higher natural ground beneath the eastern area of the MTI
TSF which could significantly reduce the seepage loss.
11.1. Control of Seepage During Mining Operations
During mining of Round Hill - Southern Pit it will be necessary to continue the
existing dewatering above the Footwall Fault (eg existing pumpwells on the eastern
MTI Abutment). It will also be necessary to implement additional measures to reduce
the water pressure on the Footwall Fault, and hence minimise movement.
Irrespective of the amount of dewatering that is implemented it is anticipated that
movement of the bedrock will still occur. It will therefore be necessary to
continually monitor and reinstate the dewatering measures as and when they lose
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efficiency, or are lost completely, due to the deformation and cracking of the rock.
The difficulty is that the dewatering needs to take place within the sheared material
comprising the Footwall Fault but any bores, or similar, to below the Footwall Fault
will be rapidly sheared and lost. The bores therefore need to be terminated just
above or within the Footwall Fault to be efficient and have a reasonable life
expectancy. Even still it is anticipated that, based on previous experience of mining
in this area, these bores will suffer differential deformation with depth and have to be
regularly replaced.
It is anticipated that vertical pumpwells, similar to existing, as well as possibly
horizontal pressure relief drains, similar to those installed during previous mining,
will be the most practical options. The pumpwells will have to be installed where
they will be most efficient and therefore need to be installed in the fractured rock
zones. The horizontal pressure relief drains will have to be very long, of the order of
200 to 300m, to reach the Footwall Fault beneath the MTI Embankment and the
practicality of drilling these holes will have to be investigated with local contractors.
If they are not practical then additional vertical pumpwells will have to be installed.
Investigation work will be required prior to implementing the dewatering measures
to confirm the most efficient locations for the bores. This could comprise percussive
drilled boreholes with insitu permeability tests (eg falling or rising head tests).
Monitoring of piezometric levels will also be required to monitor the efficiency of
the groundwater drawdown and this could be carried out by installing a series of
standpipe piezometers. As for the bores, the standpipe piezometers could also be lost
due to the ground movement and need to be regularly replaced. Replacement
standpipe piezometers should be located as close as practical to the locations of the
piezometers that are lost to enable the ongoing trends to be inferred from the
previous monitoring data.
12.0 RECOMMENDED INVESTIGATION AND MONITORING
12.1. Recommended Investigation
12.1.1. Mixed Tailings Impoundment TSF
It is recommended that the following work is carried out as part of the detailed
design associated with the MTI TSF in the area of the Footwall Fault. The work is
focussed on determining the piezometric levels in the tailings and east abutment and
to what extent the tailings are providing a ready source of seepage into the Footwall
Fault. Investigation should also be carried out to assess options for reducing the
water pressure on the Footwall Fault during mining.
(i) Carry out CPT tests with pore water pressure dissipation tests through the
tailings to obtain additional information on the tailings and piezometric
profile.
(ii) Drill machine boreholes through the tailings with Standard Penetration Tests
(SPT) to sample and test the tailings and allow piezometers to be installed for
monitoring the piezometric levels just above the natural ground and Footwall
Fault.
(iii) Drill machine boreholes downstream of the embankment crest for
permeability testing to check the rock mass permeability and allow
piezometers to be installed close to the Footwall Fault.
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(iv) Carry out state of the art dynamic deformation analyses to model the
behaviour of the tailings under the anticipated rate of deformation and during
and after earthquake loading.
(v) Establish water pressure thresholds on the Footwall fault to maintain stability.
12.1.2. Southern Pit Option 10 TSF
It is recommended that the following work is carried out during the deconstruction of
SP11A TSF and early mining works.
(i) Carry out CPTs with pore water pressure dissipation tests through the tailings
in SP10 TSF during the deconstruction of the SP11A TSF. The piezometric
profile will be required for stability analyses to confirm the safe slope for the
re-profiled tailings surface on the SP10 TSF.
(ii) Drill machine boreholes to sample and test the tailings and allow piezometers
to be installed for monitoring the piezometric levels. The boreholes will most
likely have to be drilled in the southern area where the tailings will not be
excavated, or where minimal excavation is proposed, to minimise the risk of
the piezometers being damaged during earthworks. The piezometers will
allow the piezometric level to be monitored in the tailings during
deconstruction of SP11A TSF and monitor the long term drop in the phreatic
surface level.
(iii) Drill 3 machine boreholes north of the SP10 Embankment after
deconstruction of the SP11A TSF and prior to commencement of mining
works within the footprint of the SP11A TSF. The boreholes are primarily to
log and orientate discontinuities which could potentially result in an
unfavourable failure mechanism during mining of the Round Hill – Southern
Pit. The information will be required for stability analyses to determine the
safe ‘set back’ distance of the pit face from the toe of the SP10 Embankment.
12.1.3. Reclaimed Tailings Stack
It is recommended that the following investigation work is carried out for the
detailed design of the RTS.
(i) After final discharge of tailings to the MTI TSF carry out CPT tests with pore
water pressure dissipation tests through the tailings to obtain additional
information on the tailings and piezometric profile. The CPTs should be
located around the perimeter area of the RTS and beyond the toe to obtain
information for drained and undrained stability and settlement analyses to
confirm the safe RTS profile.
(ii) Drill machine boreholes with SPT’s around the perimeter of the RTS to
sample and test the tailings and allow piezometers to be installed for
monitoring the piezometric levels.
(iii) Investigate pore water pressure generation in the saturated MTI tailings
during construction of the RTS to confirm the safe maximum rate of rise of
the RTS.
(iv) Carry out state of the art dynamic deformation analyses to model the
behaviour of the RTS on the MTI TSF during and after earthquake loading.
12.2. Existing Monitoring
Extensive monitoring is carried out on the existing MTI and SP11A TSFs. The
monitoring requirements for the tailings and embankments are included in the
respective Operations, Maintenance and Surveillance Manual for each TSF (Ref.20
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& 21). The preparation of these manuals is based on the recommendations in
NZSOLD (Ref.17). The manual also includes any specific monitoring required by
the consent conditions.
The frequency of monitoring of the individual
instrumentation is given in the manual together with specified trigger and alert levels,
provided by the Design Engineer, with the required follow up action should they be
reached. The manual also covers the required visual observations, tailings testing
and pond water level monitoring that has to be undertaken.
The current operational instrumentation being monitored includes:MTI TSF
Piezometers

Deformation

Seepage

SP11A TSF
Piezometers
Deformation
Seepage

- 13 pneumatic piezometers in the tailings
- 22 pneumatic piezometers in the embankment and foundation
- 40 vibrating wire piezometers in the tailings
- 5 standpipe piezometers immediately downstream of the
embankment in the area of the Footwall Fault.
- 80 deformation monitoring stations on the embankment crest
and downstream shoulder
- 9 additional deformation monitoring stations downstream of
the embankment to specifically monitor movement on the
Footwall Fault.
- 3 inclinometers to measure movement on the Footwall Fault
- 14 tailings seepage drain outlets at RL509.
- 15 rockfill mattress drain outlets at RL515
- 34 rockfill mattress drain outlets at RL526
- 12 outlets for underdrains, upstream cutoff and chimney drain
base collector drains.

- 17 vibrating wire piezometers in the tailings
- 17 vibrating wire piezometers in the embankment and
foundation
- 14 deformation monitoring stations on the embankment crest
and downstream shoulder
- 25 rockfill mattress drain outlets at RL530
- 11 outlets for underdrains, upstream cutoff and chimney drain
base collector drains (includes combined SP10 TSF seepage
drain outlet).

The SP10 TSF is currently completely covered by the SP11A TSF tailings. The
SP10 TSF seepage collection drains are currently combined into one outlet drain and
extended to discharge downstream of the SP11A Embankment. The seepage from
the SP10 TSF is therefore still monitored.
12.3. Recommended Additional Monitoring
In addition to the current monitoring being carried out it is recommended that the
following monitoring is also implemented during and for a period after the mining of
Round Hill – Southern Pit.
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Round Hill – Southern Pit
(i) Monitor seepage rates from the relief wells and pumpwells.
(ii) Additional deformation monitoring at critical locations (i.e. areas likely to
affect the Plant Site and TSFs), including real time pit monitoring as currently
being used at Frasers Pit.
(iii) Ongoing geological mapping of the pit face below the MTI and SP10 TSF to
check for any unfavourable dipping discontinuities (eg. “ramp shears”) that
could significantly affect the stability of the pit face and TSF embankments.
Mixed Tailings Impoundment TSF
(i) Additional deformation monitoring in the area of the Footwall Fault on and
downstream of the MTI Embankment.
(ii) Monitoring of additional piezometers installed within the tailings over the
area underlain by the Footwall Fault. To include piezometers located deep
within the tailing just above ground level over the area underlain by the
Footwall Fault
(iii) Monitoring of additional piezometers installed downstream of the MTI
Embankment crest, within the area underlain by the Footwall Fault
Southern Pit Option 11A TSF
The following is only applicable prior to and during deconstruction as long term
the TSF will no longer exist.
(i) Carry out CPTs with pore water pressure tests about every 6 months during
deconstruction to review the piezometric profile with depth. The existing
piezometers within the tailings are likely to be lost during excavation and the
CPTs are intended to provide information on the ongoing drainage occurring
within the tailings.
(ii) Install deformation monitoring stations over the upper levels of any relative
steep slopes excavated in the tailings where there is the risk of creep or
slumping of the slope. In some area lines of stakes could be installed such
that any areas of creep are visually apparent during earthworks.
(iii) Regularly check the storage volume above the tailings to ensure that the
design rainfall event can be stored within the TSF with an adequate
freeboard.
Southern Pit Option 10 TSF
(i) Install deformation monitoring stations located on the tailings over the
southern area of the TSF where no/minimal excavation is proposed. The
deformation monitoring stations are intended to monitor any creep of the
tailings during excavation of the tailings in the SP11A TSF and re-profiling
of the tailings surface over the SP10 TSF. In some areas lines of stakes could
be installed such that any areas of creep are visually apparent during
excavation.
(ii) Carry out CPTs with pore water pressure tests, as required, to provide
additional information on the piezometric profile and depth of the phreatic
surface for assessment of stability during earthworks.
(iii) Install piezometers in the tailings to monitor the phreatic surface and
piezometric profile with depth. Some piezometers could be installed initially
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over the southern area of the TSF provided they will not be damaged during
earthworks.
Reclaimed Tailings Stack
(i) Prior to construction carry out CPTs with pore water pressure tests, to obtain
additional information on the piezometric profile and depth of the phreatic
surface in the MTI TSF for stability analyses for detailed design of the RTS.
(ii) Install additional piezometers within the tailings, mainly from the RL545
level.
(iii) Install additional deformation monitoring stations located on the crest of the
RL545 and RL539 upstream embankments.
(iv) During construction regularly check the storage volume on top of the RTS to
ensure that the design rainfall event can be stored with an adequate freeboard.
An Operations, Maintenance and Surveillance Manual will be prepared to cover the
existing and future monitoring requirements (refer Section 15.0).
13.0 CONTINGENCY
WORKS

MEASURES

DURING

MINING

AND

CONSTRUCTION

13.1. Deconstruction of Southern Pit Option 11A TSF
The initial excavation of the tailings is anticipated to be relatively easy due to the
phreatic surface being below the tailings surface and drying of the shallow tailings.
As excavation gets deeper the phreatic surface will be reached and trafficking of
construction equipment will become more difficult and stability of the saturated
tailings becomes more critical. The proposed method of excavation using tractor
pulled scrapers will result in a relatively level excavated tailings surface such that
stability is unlikely to be a significant issue, other than possibly where trenches are
excavated to improve drainage for sump pumping. The trenches are unlikely to be
very deep and even if slumping of the sides does occur, it is considered unlikely to
cause any significant problems. It is anticipated that adjustments will continually be
made to the method of excavation as work progresses to take account of the changing
conditions with depth.
Only vehicles with low track/tyre pressure will be used on the tailings and if
trafficking still becomes a problem then it may be necessary to form dedicated haul
roads and working platforms using imported fill, possibly with geotextile reinforcing.
Heavier vehicles will not access over the tailings, other than on dedicated haul roads.
These vehicles will tend to access the TSF via the embankment and perimeter haul
roads on natural ground.
13.2. Southern Pit Option 10 TSF
The excavation of tailings to re-profile the tailings surface will be carried out in a
similar way to that of SP11A TSF (Section 14.1). If it becomes apparent during the
excavation of the tailings in the SP11A and SP10 TSF that the tailings are less stable
than anticipated then the final SP10 TSF design batter can be flattened and/or the
upper design level of the tailings lowered.
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13.3. Reclaimed Tailings Stack
The RTS will be built up over about 2 years. Over this period the design profile can
be varied to satisfy safety requirements based on the monitoring data, experience to
date and stability analyses using measured pore water pressures.
13.4. Mining of Round Hill – Southern Pit
Extensive monitoring will be implemented during Mining of Round Hill – Southern
Pit with a series of trigger levels to control the stop/start mining operation, similar to
those used for the previous mining of Round Hill and Golden Point, and for the
current mining of Frasers Pit. The typical observations, with triggers, for controlling
mining activities are:Rate of movement observed on the deformation monitoring stations.
Acceleration of the rate of movement.
Batter failures.
Floor heave and “ramp shear” movement.
Distress of any surrounding facilities (eg. Plant Site, MTI Embankment).
Significant change in the direction of the displacement vectors.
The above is to be reviewed on a real time basis together with the other monitoring,
some of which is monitored less frequently. OceanaGold has considerable
experience in monitoring and processing the data on a real time basis, with the
assistance of the Design Engineers, as and when required, in accordance with the
Operations, Maintenance and Surveillance Manual.
Based on the above monitoring, experience and theoretical analysis, OceanaGold has
considerable understanding of the movement on the Footwall Fault. As mining
progresses the monitoring will be reviewed and the pit profile can be modified if it
appears that unacceptable movement may occur. It is possible that the length of pit
mined along the strike of the Footwall Fault may be a significant issue as this reduces
the buttressing affect of the rock at either side of the pit. Should the early monitoring
indicate that this could be an issue then, as recommended by PSM, the pit may be
divided into smaller north-south and/or east west sections. The west wall of the pit
could also be offset further east. Dewatering to reduce the water pressure on the
Footwall Fault will also be critical.
It is also proposed that ongoing geological mapping of the south and west faces of
the pit be carried out to check for unfavourable dipping discontinuities and “ramp
shears” that could potentially affect the stability of the TSF embankments. In
particular the southern portion of the pit, within the area of the current SP11A TSF,
should be mined in benches progressing southwards closer to the SP10 Embankment.
The mapping information should be regularly reviewed by the Design Engineer to
confirm how close to the SP10 Embankment the pit wall may be mined.
14.0 CONSTRUCTION ASPECTS
14.1. Construction Volumes
The construction volumes are as follows.
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Excavate tailings and contaminated embankment
Excavate ‘clean’ embankment material
Toe berm on SP10 TSF (Zone B)
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Fill in RTS
Western toe berm to RTS (Zone B)
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= 11.5 Mm3.
= 2.4 Mm3
= 0.09 Mm3

= 11.5 Mm3.
= 0.19 Mm3

14.2. Earthworks
Excavation of the tailings in the SP11A and SP10 TSFs and transport to the RTS will
be carried out by tractor pulled scrapers where the tailings are sufficiently firm for
trafficking. Excavators will dig trenches to enhance drainage and allow sump
pumping. Where the tailings become too wet for trafficking of tractor pulled
scrapers, the tailings will either be excavated to stockpile for drying or converted to
slurry and pumped to the proposed new Top Tipperary TSF. The excavation of the
SP11A Embankment will be carried out by excavator and truck.
The SP11A embankment material contaminated by tailings will be transported to the
RTS. The remaining ‘clean’ embankment material will be excavated into separate
Zone A1, Zone B and Zone C streams for use in the construction of the Top
Tipperary TSF, toe berm for the SP10 TSF, rehabilitation or placed in the Back Road
Rock Stack.
The excavation and construction of the RTS and toe berms will be undertaken by
OceanaGold using their equipment plus hired equipment, although it is possible that
the tractor pulled scraper operation may go out to contract. Waste rock used to
construct the toe berms will come from either the mine pits, or directly from the
SP11A Embankment, and be transported by dump trucks to the site.
14.3. Control of Surface Water
Clean runoff can be discharged directly to existing watercourses.
disturbed areas has to pass through silt retention facilities.

Runoff from

14.4. Silt Control
Good earthworks practices will be required to reduce the quantity of silt laden runoff.
This includes maintaining a neat and tidy site with minimal areas of loose,
uncompacted material. It is noted that experience to date indicates that only very
small quantities of silt laden runoff are generated because most of the perimeter fill is
rockfill and runoff percolates down through the downstream rockfill and sediment is
trapped within the rockfill. The outside perimeter slopes of the RTS will be
protected by a rehabilitation layer as it is raised and immediate seeding will be
carried out to reduce the risk of erosion.
14.5. Construction Control and Monitoring
Deconstruction of the SP11A TSF, reshaping of the tailings surface on the SP10 TSF
and construction of the RTS will be carried out under the direct supervision of staff
from OceanaGold. A number of staff, assisted by surveyors and the Designer as
necessary, are dedicated to this task and have experience with the construction of the
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MTI, SP10 and SP11A Embankments, Rock Stacks, silt ponds and water storage
dams within the Macraes Gold Project. Where any work is let out to contract, they
also assist the Contractor in planning construction activities and observe all
construction activities. In addition, they undertake control testing of fill placed in the
embankment as detailed in the Specification and undertake regular visual inspections
as part of the surveillance requirements.
The current earthworks specification does not cover the compaction of tailings in the
RTS. It is proposed that field compaction trails be carried out at the commencement
of the construction of the RTS to determine the appropriate method of placing and
compacting the tailings and to determine appropriate control measures (eg density,
water content etc). The tailings need to be compacted in a partially saturated state to
meet the strength requirements for the stability of the RTS.
Regular surveys are undertaken to ensure works are correctly set out, and for
payment purposes for any contract work. Benchmarks located on the site will also
require regular survey. OceanaGold staff record the piezometer, seepage and
deformation measurements.
The requirements for monitoring and surveillance of the existing instrumentation and
drains are summarised in the existing Operation, Maintenance and Surveillance
Manual for the MTI and SP11A TSFs. However, a new or updated Operation,
Maintenance and Surveillance Manual will be required for the work covered by this
technical report to reflect the closure of the existing TSFs and new facilities to be
constructed. In particular it will also have to cover the monitoring of the anticipated
ground deformation from mining Round Hill – Southern Pit and the actions required
to ensure the safety of the facilities.
15.0 OPERATION, MAINTENANCE AND SURVEILLANCE
Modern practice, which is endorsed in the NZSOLD Guidelines, requires that dams be
operated and maintained by their Owners in accordance with accepted safe practice and
that appropriate surveillance is undertaken to ensure long-term safety. Surveillance
includes regular visual inspections as well as monitoring of piezometers, seepage flows
and embankment deformations. Inspections are important for identifying abnormalities or
deterioration in conditions. There are different types of inspections (routine, intermediate
and comprehensive) and special inspections will be required after unusual events such as
earthquakes or high rainfall events. Monitoring covers the collection, recording, analysis
and evaluation of monitoring data. The frequency of inspections and recording monitoring
data varies according to the task and hazard category of the dam.
Normally the requirements for Operation, Maintenance and Surveillance are documented
in a Manual that is prepared at the final design stage. Operation, Maintenance and
Surveillance Manuals have been prepared for the existing MTI and SP11A TSFs and a new
Manual will be prepared for the proposed work covered by this technical report, or the
existing manuals updated to include for the proposed Round Hill – Southern Pit work.
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16.0 REHABILITATION AND CLOSURE
16.1. Introduction
The proposed rehabilitation and closure strategy for the MTI and SP10 TSF and RTS
will allow the area to be returned to the pre-mining land use with the minimum
potential for adverse environmental effects.
16.2. Closure Manual
A Closure Manual should be prepared for the MTI and SP10 TSF and RTS. The
objective of the Closure Manual is to set out practical measures that will allow the
facility to be operated in accordance with the conditions of the consents and the
rehabilitation and closure principles outlined in this section. A draft Closure Manual
has been prepared for the MTI TSF.
16.3. Objectives of Rehabilitation and Closure
The objectives of the rehabilitation and closure of the TSFs and RTS are:
develop an acceptable post-closure land use;
provide acceptable, stable, post-closure landforms;
ensure the secure ultimate disposal of the tailings in a manner which minimises
the risk of release of potential contaminants into the environment in the longer
term; and
allow the eventual termination of all monitoring and maintenance procedures
when environmental risks are assessed to be negligible.
16.4. Rehabilitation of the TSF Embankments and RTS Side Slopes
The downstream batter of the TSF embankments will be rehabilitated as will the RTS
side slopes as the RTS is developed. This will involve the direct placement of a plant
growth layer, consisting of loess, colluvium or weathered schist. The surface will be
re-vegetated with pasture/tussock species (refer Figure 12).
Re-vegetation will proceed as follows:
trim and compact surface of the embankment to reduce voids and prevent the loss
of plant growth material into the waste rock;
trim and compact the surface of the RTS to minimise erosion;
spread plant growth layer over the surface;
cultivate to improve infiltration rates;
seed/plant with pasture/tussock species; and
top-dress with maintenance fertiliser as required.
16.5. Final Surface Profiling of the Tailings
An assessment of the post-closure consolidation of the MTI tailings and RTS will be
undertaken near the final stages of construction. If it is significant this effect could
be allowed for, in part, by varying the final fill profile to allow for the settlement to
maintain the required falls for surface drainage.
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16.6. Rehabilitation of Tailings Surfaces
Following closure of the MTI TSF, reshaping of the SP10 TSF and RTS the tailings
will be covered and rehabilitated to the final planned landform (refer Figure 12). The
objectives of this cover are to:
establish a free draining surface that allows for subsequent settling of the tailings;
provide a surface that can be re-vegetated for the purposes of establishing postclosure land use.
This cover will be constructed as follows:
overfill with waste rock any areas in which significant settlement due to tailings
consolidation is anticipated and cannot be compensated by overfilling with
tailings;
shape the surface of the tailings by dozing tailings or by placement of waste rock
to establish a free draining surface including the construction of stormwater
drainage channels and outlet structures;
spread suitable material over the surface of the waste rock to provide a plant
growth layer; and
proceed with cultivation as outlined above for the downstream batter of the
embankment and side slopes to the RTS.
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Table 1
History of Tailings Discharge to the Various Tailings
Storage Facilities at Macraes Gold Project

Period
10th Feb 1992 to 7th February 2002
7th February 2002 to 27th May 2003
27th May 2003 to 18th May 2004
th
18 May 2004 to 25th November 2004
25th November 2004 to 22nd March 2006
22nd March 2006 to 13th December 2007
13th December 2007 to 20th May 2009
20th May 2009 to 8th February 2010
8th February 2010 to present

Discharge to
TSF
MTI
SP10
MTI
SP10
MTI
SP11A
MTI
SP11A
MTI

MTI – Mixed Tailings TSF
SP10 – Southern Pit Option 10 TSF
SP11A – Southern Pit Option 11A TSF
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Table 2
Summary of Properties for Stability Analyses

Density
(kN/m3)

Zone

c’
(kPa)

’
(°)

Pore Pressures / Phreatic Surface

Ground
Zone A(1)
Zone B(1)
Zone C(1)

23.5
22.5
22.5
21.5

50
40
=2.43 ’0.83
=2.43 ’0.83
=1.29 ’0.91

Refer SLOPE/W figures
Refer SLOPE/W figures
Refer SLOPE/W figures
Refer SLOPE/W figures

Tailings
- Static

18.6

0

60 % of hydrostatic below phreatic surface

18.6

/ ’ = 0.13

- 475 year

MDE
(1)

18.6

35

0

35

0

35

60 % of hydrostatic below phreatic surface
prior to liquefaction
ru = 0.2 above phreatic surface
fully drained (based on seepage analyses for
long term, post operation)

Strength function plotted below

Shear Strength Function for Zone A, B & C
800
700
600
500
400

Zone A & B
Zone C

300
200
100
0
0

100

200

300

400 500 600 700 800
Vertical Effective Stress (kPa)

900 1000 1100
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