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G1.

Introduction

This appendix summarises the static slope stability analyses undertaken at the slump (Chainage
1970) and selected other locations along the NTSF embankment prior to the failure on March 9,
2018. The analyses at the slump were completed using both 2D and 3D limit equilibrium analyses
(LEA) while only 2D limit equilibrium analysis was adopted for the remainder of the NTSF
embankment.

The purpose of the limit equilibrium analyses at the slump location was to understand what
components of the embankment and foundations were critical in the analysis of the stability and
to inform the selection of material parameters (in conjunction with laboratory testing) for
deformation (FLAC) analyses reported in Appendix H. The analyses completed at selected
locations along the remainder of the NTSF embankment were to understand the stability of the
remainder of the NTSF embankment in the context of key learnings from the ITRB investigation
and analysis of the slump.

The following appendices were used to provide the inputs to the stability analyses:
e Appendix B — embankment geometry and zoning, topography and pore water pressures;
e Appendix C — geological model of foundations;
e Appendix D — foundation and fill properties;
e Appendix E — tailings properties; and
e Appendix H — modelled phreatic surface for 3D LEA.

Sections G2 and G3, respectively, provide details of the 2D and 3D LEA at the slump, while
Section G3 provides details of the site wide 2D LEA.

H356804-00000-22A-230-0001 APPG Page 3



Newcrest ITRB Report on NTSF Embankment Failure Cadia Valley Operations

G2.
G2.1

G2.2

G221

G2.2.2

Slump Location — 2D Stability Analysis

Overview

A preliminary screening analysis was completed at the pre-failure slump location to understand
the anticipated factors of safety for a range of material properties (both drained and undrained)
and to gain an appreciation of the key drivers of the failure mechanism (circular vs. block sliding)
and failure surface geometry.

Subsequent to the screening analysis, a back analysis of the foundation strength parameters was
completed for various FOS, using the most probable failure mechanism and geometry identified
from the field investigation. These analyses in conjunction with laboratory testing of foundation
materials were used to inform the selection of foundation design parameters for the deformation
analyses.

Model Setup

Method of Analysis
Slope/W from the GeoStudio geotechnical suite was used for the screening analysis, while
Rocscience’s 2D LEA program Slide 7.0 was used for the foundation parametric back analysis.

Cracking observed on the Stage 7 and Stage 8 crest on the day of the slump did not indicate
vertical displacement across the crack. This provided a preliminary indication that the mode of
failure was translational rather than circular. On this basis a ‘block search mode’ was used in
conjunction with the Morgenstern and Price method of slices to identify the critical surface for the
screening analyses. The screening analyses were also run ‘with’ and ‘without’ optimization.

Field investigations were complete before the foundation parametric back analysis was
commenced. As the investigations (drillholes CE433 and CE435 and ERI traverses) indicated a
relatively shallow failure surface, a planar basal failure surface was adopted for these analyses.
Additionally, a tension crack located in the vicinity of the Stages 7 and Stage 8 crests that extended
to the level of phreatic surface was added to the model. Optimization of the block sliding surface
was not adopted for the analysis as this invariably ‘forced’ the failure surface and yielded results
that did not honour the shallow failure surface indicated by the investigations.

Geometry

The section analysed was located through the center of the failure, perpendicular to the dam
set-out line at Ch 1970. The embankment geometry was determined from both the as-built model,
as well as LIDAR completed on the day of the failure. This section is shown in plan on Figure G1
in Annexure GA and the geometry is shown in section on Figure G2-1.
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Figure G2-1: Stability section model geometry

G2.2.3 Pore-Water Pressure Conditions
The pore-water pressure conditions within the stability section were based on vibrating wire
piezometers readings and pond level measurements taken before the failure. These readings are
included in Appendix B and were used in part for the calibration of the 3D hydrogeological model
described in Appendix H.

G2.2.4 Material Properties
Screening analyses were undertaken at a stage when only preliminary testing of foundation
materials had been completed. The range in values adopted for these analyses and provided in
Table G2-1 reflect the very formative nature of the analyses.

Table G2-1: Material parameters for screening analyses

Tailings (1) 20 0 34 to 40 0.18 to 0.24 0
Clay Fill (2) 20 10 22t0 26 - -
Transition (3) 20 0 42 - -
Rockfill (4) 19 0 40 - -
Foundation 20 10 20 to 24 (6) 0.35to 0.50 (5) 50
Notes:

1) Tailings undrained shear strength ratios (t/ov’) between 0.18 and 0.24 broadly cover the
range in strength ratios determined by ATCW (2017) using vane shear tests. The range
in drained strength parameters are based on CIU tests using values recommended by
ATCW (¢’ = 34°) and values at the peak stress ratio (¢’ = 40°) (ATCW, 2017).

2) The strength of core materials was reduced from 26° to 22° following CIU triaxial tests
completed on STSF samples completed in 2000.

3) Slightly higher effective strength parameters have been adopted for transition zones to
reflect a finer particle size and higher placement density compared to general rockfill.

4)  General rockfill strengths of ¢’ = OkPa, ¢’ = 40° have been adopted for all previous designs.
These parameters are consistent with those reported by Leps (1970) for similar rock types
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(quartz monzonite, diorite and andesite) to that used in the NTSF at a normal stress close
to 1,000kPa.

5) Foundation undrained shear strength ratios (t/ov’) between 0.35 and 0.50 cover the range
of strength ratios determined from initial Direct Simple Shear (DSS) tests and those
adopted by ATCW for the Stage 10 / Buttress design (t/ov’ = 0.51). However, the latter
value was calculated from remoulded triaxial tests where the maximum confining pressure
ranged between 200kPa and 500kPa

6) Post peak friction angles determined by initial direct shear testing of foundation materials
were used for drained strength parameters.

Parameters adopted for major material types and used for the foundation parametric back
analyses are provided in Table G2-2. Effective stress strength parameters for the foundation
materials (c’, ¢’) were varied to achieve a desired FOS (between 1.0 and 1.3).

Table G2-2: Material parameters adopted for foundation parametric back analyses

Drained Parameters Undrained Parameters
Bulk
Material Density Cohesion Friction Shear St-rength Minimum
(kN/m3) ¢’ (kPa) &' (°) Ratio Strength
t/sv’ (kPa)
Tailings 20 34,40 0.20, 0.10 0
Clay Fill 20 10 22
Transition 20 0 42
Rockfill 20 0 40

G2.3 Results of Analyses

G2.3.1 Screening Analysis
The results of the screening analyses indicated that the block sliding mechanism adopted for the
NTSF embankment failure provided the lowest FOS for the design section and a failure surface
geometry that closely replicated the observed pre-failure cracking.

Further conclusions from the screening analyses were:

e For both undrained and drained foundation strength parameters, the FOS was relatively
insensitive to the tailings strength parameters, varying by between 0.03 and 0.05 over
the range of tailings undrained shear strength ratios adopted.

e A foundation shear strength ratio t/sv’ = 0.35 provided a FOS that was closest to unity.

e The calculated FOS at the slump location is relatively insensitive to both the clay core
and rockfill shear strength parameters, varying by 0.02 and 0.05 respectively, over the
range of shear strength parameters analysed.

e For bedrock levels below RL 670, (equivalent to a clay depth of 6.5 m at the toe of the
embankment), the calculated FOS varied by less than 0.01.

The results of this screening analysis for both drained and undrained foundation parameters is
summarised in Table G2-3 and Table G2-4. Selected Slope/W plots for these analyses are
included in Annexure GB.
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Table G2-3: Screening Results Ch 1970 — Drained foundation parameters

0.20 1.06 1.14 1.19 1.25

0.20 1.00 1.10 1.18 1.26

G2.3.2 Foundation Parametric Back Analysis
Using the combination of material parameters provided in Table G2-2, the drained foundation
parameters required to achieve a FOS = 1.0, 1.1, 1.2 and 1.3 were determined. This was achieved
by first identifying the critical failure surface for ¢’=18° and ¢’ = 5, 10, 20, 30 and 40kPa. For the
critical failure surfaces, ¢’ was varied (using a sensitivity function) to achieve the respective FOS.
The results of the analyses are summarized in Figure G2-2 to Figure G2-5, while selected Slide
7.0 outputs are included in Annexure GC.
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Figure G2-2: Foundation back analysis, drained tailings ¢’ = 34°
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Figure G2-3: Foundation back analysis, drained tailings ¢’ = 40°
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Figure G2-4: Foundation back analysis, undrained tailings t/ov’ = 0.20
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Figure G2-5: Foundation back analysis, undrained tailings t/ov’ = 0.10

FOS determined in the earlier screening analyses are lower than those calculated in the
foundation parametric back analyses. This is attributed to the ‘optimisation routine’ used in the
earlier analyses which resulted in a deeper failure surface and a failure surface extending behind
the Stage 10 crest for drained foundation strength parameters. Both these conditions were not
consistent with the site observations.
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G3.
G3.1

Slump Location — 3D Stability Analysis

Initial Analyses

Initial 3D LEA stability runs for the NTSF embankment failure were undertaken directly by
Soilvision Systems Ltd (Soilvision) (2018). The purpose of the 3D LEA was to undertake a
calibration of the existing failure and assess the impact of 3D geometry on the calculated FOS.

Prior to the 3D model setup, 2D LEA was undertaken using 2D SVSLOPE to replicate the previous
2D SLOPE/W models and to ensure consistency between software packages. A comparison of
the results indicated that for the ‘Block Search’ method, the results of Non-Optimization FOS were
similar between SVLOPE and SLOPE/W with an average difference of 1.8%. With optimization,
SVLOPE gave slightly lower FOS results compared to Slope/W with an average difference is
4.4%. ‘Cuckoo-Search’ and ‘Greco-Search’ methods were also undertaken by Soilvision. The
Greco-Search often gave the lowest FOS, however values were generally within 1%. With Non-
Optimization, the Greco-Search produced about 14% lower FOS than Block-Search in SLOPE/W
and 7% with Optimization.

The Soilvision software package SVDESIGNER was used to build the 3D LEA model using the
preconstruction ground surface, embankment zones, tailings surface and groundwater, all
provided in 3D DXF format.

A comparison of FOS between 2D and 3D Cuckoo-Search results, without optimization, indicates
that the 3D FOS is from 11% to 21% (average of 17.4%) greater than 2D FOS. With optimization,
these numbers are reduced and range from 5% to 15% with an average of 8.8%.

When comparing 3D FOS values to 2D results, the 3D FOS values are typically greater due to 3D
effects (Chaudhury, Domingos, Gitirana, Fredlund, & Lu, 2016). On a regular geometry, the 3D
FOS could increase between 10% and 40% compared to 2D FOS, while for slopes with complex
geometry, the difference can be significantly more (Stark & Eid, 1998).

The 3D model developed by Soilvision for the initial 3D LEA is shown as Figure G3-1, while a
typical output is presented as Figure G3-2.

Figure G3-1: Surfaces and enclosed volume mesh objects used in 3D numerical model
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G3.2

G3.2.1

G3.2.2

Figure G3-2: Cuckoo Search showing lowest FOS - Undrained parameters

Detailed Analyses

Overview

Following the investigations on the slump (CE433, CE435 and ERI) it became apparent that the
search methods (Cuckoo and Greco) used by SVSLOPE to find the minimum FOS were only
applicable to ellipsoidal failure surfaces. As it was considered that the ellipsoidal failure surface
did not honour the field observations, the 3D LEA using SVSLOPE was completed using a fully
specified failure surface. This is discussed in the following sections.

Geometry

Hatch rebuilt the 3D model for the analysis using SVDESIGNER in a similar manner to that
undertaken for the initial analyses. However, in the latter case the model was extended to the west
and Stages 4 to 10 of the NTSF were modelled as a single solid volume rather than individual
stages.

The failure surface adopted for the detailed analyses was modelled using twelve (12) planar
surfaces as indicated on Figure G3-3. The tension cracks observed on Buttress 1 and Stage 8
crest were modelled as vertical planes extending to RL720. The arcuate nature of the tension
crack was achieved using two vertical planes crossing Buttress 1 and orientated at 45° to the axis
of the NTSF.

A section parallel to the axis of the NTSF and located near the outer edge of Buttress 1 shows the
relationship between the modelled failure surface, 19t March 2018 topography and the pre-
construction surface. A longitudinal section through the slump (showing the inferred failure
surface) is presented as Figure C3 (Appendix C).

H356804-00000-22A-230-0001 APPG Page 11



Newcrest ITRB Report on NTSF Embankment Failure Cadia Valley Operations

Critical
FOS =1416

Figure G3-3: Adopted failure surface geometry
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Figure G3-4: Cross-section of slump showing modelled failure surface

G3.2.3 Pore Water Pressure Conditions
A 3D model based on the results of vibrating wire piezometers readings and pond level
measurements taken before the failure was used for the initial and detailed undrained strength
analyses (USA) using the specified failure surface.

The phreatic surface output from the 3D FEFLOW model developed as part of the hydrogeological
investigations (Appendix H) was incorporated into the effective stress analysis (ESA).

G3.2.4 Material Properties
Material properties adopted for the 3D LEA are similar to those adopted for the 2D LEA and are
shown in Table G3-1. The strength of vertical planes in the failure surface (tension cracks) was
nulled.
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Table G3-1: Material parameters adopted for 3D LEA

Tailings 20 0 32 0.20, 0.10, 0.06 0
Foundation 20 10,0 16. 20 0.2 0
Clay Fill 20 10 22 0.34 0
Transition 20 0 42
Rockfill 20 0 40

G3.3 Results of Analyses

The results of the 3D LEA using SVSLOPE are summarized in Table G3-2 and Table G3-3, while
selected SVSLOPE outputs are provided in Annexure GD.

Table G3-2: Effective stress analysis

1.385 1.216

1.567 1.398

Table G3-3: Undrained strength analysis

0.2 1.041

0.968 0.939

Slide details for the case; foundation 7/ ov’ = 0.2 and tailings T/ av’ = 0.06 are provided in Table

G3-4.

Table G3-4: Slide information for 7 / gV’ = 0.2 and tailings T/ oV’ = 0.06

Slope Information

Calculation Method:
Search Method:

FOs:

Taotal Weight:

Total Volume:

Taotal Activating Moment:
Total Resisting Moment:

Taotal Activating Force:

Taotal Resisting Force:

Resisting Force due fo Vertical Side Shear
Total Active Columns:

Taotal Sliding Surface Area:

Center Point:

Rotated Center Point:

Slip Direction Angle:

Resisting Moment due to Vertical Side Shear:

M-P

Fully Specified Only

0.939

1.519E+007 (kM)

T7.681E+005 (m*3)

6.429E+008 (kMm)

6.039E+008 (kMm)

-1.038E+008 (kMm)

4 245E+006 (kM)

3.986E+D06 (kM)

-1.855E+004 (kM)

2593

3.54E+04 (m"2)

K BBS29T7 473 Y- 5291103.477 Z- 826.128 (m)
K*GE5221.868 Y™ 6291245101 (m)
55.5392 (degrees)
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G4.

G4.1

G4.1.1

G4.1.2

Site Wide - 2D Stability Analysis

Model Setup

Method of Analysis
Stability analyses were completed on a further five sections along the NTSF embankment. The
sections analysed are shown in plan on Figure G1 in Annexure GA.

Rocscience’s 2D LEA program Slide 7.0 utilizing Morgenstern and Price’s method of slices (1965)
was used for the analysis. With the exception of areas where the foundation was shallow and
planar sliding was a potential failure mode, a ‘circular search mode’ was used to identify the critical
failure surface. Where planar sliding was a potential failure mode (CH 1650), a ‘block search
mode’ was used to define the critical failure surface.

As the purpose of the analysis was to assess the stability of the NTSF stin the context of conditions
contributing to the NTSF embankment failure, the analyses presented in this section have focused
solely on potential slip failures through foundation materials. The analyses have not considered
potential “intermediate” sliding surfaces through the embankment materials, the stability of
upstream raised sections, nor the stability under seismic loading as these failure modes were
beyond the scope of ITRB’s brief.

Sections Analysed

The NTSF embankment failure occurred adjacent to the margin of Tertiary basalt which was
underlain by paleo-alluvium and low density weathering product of the Forest Reef Volcanics
(FRV Unit A). An inspection of the NTSF geological map (Figure B1 Annexure BA) indicates that
this is likely to be the only location where similar conditions exist along the NTSF embankment.

Notwithstanding the above, five sections were chosen for stability analysis which represent both
critical and representative NTSF foundation conditions. The locations of the sections are shown
on Figure G1 Annexure GA. A brief description of the geology and reference drillholes at each
section is provided below.

e Section A - Chainage 990

0 Silurian Sediments (Cadia Coach Shale) — far right abutment; BH108
e Section B - Chainage 1650

0 Tertiary Basalt — adjacent to western side of slump; CE413, CE430
e Section C - Chainage 2210

0 Forest Reef Volcanics — adjacent to eastern side of slump; CE406, CE431,
CE432

e Section D - Chainage 2500
o0 Forest Reef Volcanics — maximum embankment height; BHO17
e Section E - Chainage 2800

o Forest Reef Volcanics — left abutment; CE403
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G4.1.3

G4.1.4

G4.1.5

Geometry

The embankment geometry at each section was determined from both the as-built model, as well
as LiDAR completed on 19 March 2018. The foundation elevation was inferred from construction
drawings and pre-construction topography while the foundation stratigraphy was based on
subsurface investigations undertaken in the vicinity of the NTSF on behalf of the ITRB and other
parties as detailed in Appendix C.

Pore-Water Pressure Conditions
The pore-water pressure conditions at each section were based on vibrating wire pore pressure
measurements and hydrogeological modelling included in Appendix H.

Material Properties

Parameters used in the analyses were based, where possible, on laboratory testing of foundation
and fill materials and tailings described in Appendix D and Appendix E respectively. With the
exception of tailings, parameters used in the analysis are effective stress parameters to replicate
material behavior under long term drained conditions under static loading. A conservative
approach has been adopted by using an undrained shear strength ratio (t/oy’ = 0.2) for the tailings.

Material properties used in the analyses are provided in Table G4-1, and supported with
references in the following notes.

Table G4-1: Material parameters adopted for site wide analysis

Drained Parameters Undrained
Material Bulk Density ) - Shear
(kN/m3) Cc:hesmn Frlc;:tloon Strength
¢’ (kPa) ¢’ (°) Ratio, t/oV’
Tailings 20 0 32 0.2
Clay Fill (1) 20 10 22 -
Transition Fill (3) 20 0 42 -
Rockfill (3) 18-21 0 35-40 -
Residual Soil developed over
Silurian Sedimentary Strata (4) 20 4 23 .
Silurian Sedimentary Strata (4) 20 4 27 -
Residual Soil developed over
Basaltic (5) 20 30 21.3 -
Basalt (6) 25 1000 35 -
Paleo Alluvium (7) 20 38.5 27 -
Forest Reef Volcanics Unit A (8) 19 0 16 -
Forest Reef Volcanics Unit B (9) 20 43 -55 225-246 -
Forest Reef Volcanics MW (10) 22 150 32 -

Notes:
1) Based on CIU testing completed as part of the ITRB investigation.
2) This remains unchanged from earlier assessments.

3) This remains unchanged from earlier assessments. The bulk density and friction angle vary slightly
to accommodate change in maximum particle size as well as source material.

4) Based on CIU testing completed on Weemalla Formation, undertaken by GHD as part of the 2018
STSF investigation.
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Based on DSS tests completed on samples retrieved as part of the ITRB investigation.
Parameters calculated using RocData using: UCS=20MPa, GSI=40 mi=5, Ei=25GPa.

)
)
7) Based on CIU testing completed as part of the ITRB investigation.
) Based on CIU testing completed on samples as part of the ITRB investigation.
)

Lower bound and median parameters for Unit B are based on CIU testing completed on samples
undertaken as part of ITRB and GHD investigation, detailed in Appendix D.

10) Parameters calculated using RocData using: UCS=3MPa, GSI=35, mi=20, Ei=500MPa.

G4.2 Results of Analysis

For each section up to four cases were analysed using either drained or undrained parameters for
tailings and median or lower bound parameters for Unit B of the Forest Reef Volcanics as indicated
in Table G4-2. The results of the analyses are summarised in Table G4-3, while graphical output
is included in Annexure GE.

Table G4-2: Cases analysed

Parameter Adopted
Case
Tailings Unit B FRV

1 Drained Lower Bound

2 Drained Median

3 Undrained Lower Bound

4 Undrained Median

Table G4-3: Site-wide stability results
Factor of Safety
Section
1 2 3 | 4

A1) 2.097 1.655
B (1) 1.791 1.605

C 1.385 1.506 1.208 1.331

D 1.428 1.538 1.256 1.361

E 1.352 1.485 1.188 1.317

Notes:
(1) Unit B FRV not intersected in these sections
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Annexure GA
Figures

Figure G1 NTSF Stability Sections Location Plan
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156724 650 % Gag eo0 000700 ’ Total Active Columns: 2593
1.56725 GBEIRE00 665,400 689900 Total Sliding Surface Area: 3.54E+04 (m*2)
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