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E1. Introduction

The tailings retained within the NTSF are predominantly silt-sized soils which were discharged
as a slurry that subsequently consolidated. These tailings have accumulated with flat beach
slopes such that the tailings are near horizontally bedded.

The CPTu investigations of the tailings undertaken in 2017 remain relevant and have not been
duplicated by the ITRB; rather, the original data has been retrieved, and then evaluated. The
earlier 2013 CPTu data has been assessed at a high level as it reflects conditions five or more
years ago.

Appendix C documents the insitu testing and sampling of tailings, undertaken on behalf of the
ITRB in 2018, together with previous investigations completed in 2013 and 2017.

In terms of property measurement, the ITRB has undertaken substantial laboratory testing as,
comparatively, the earlier campaigns carried out little work on this aspect.

This appendix presents the following work:

e Documentation of the laboratory testing, followed by detailed analysis of that data to
determine the tailings properties. These properties have been used to simulate the
laboratory tests (using the same NorSand model as the deformation analysis) to
confirm that the derived properties are consistent with the tailings stress-strain
behaviour.

e A detailed evaluation (“interpretation”) of the CPTu data using the measured properties
of the NTSF tailings. This work leads to the insitu state parameter that controls soil
behaviour (and liquefaction in particular).

Both the calibrated parameters and the insitu state parameter have been carried forward into the
numerical analyses documented in Appendix H.
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E2.
E2.1

ITRB Laboratory Testing

Overview
The ITRB’s investigations and subsequent testing focused on determining the properties and
other aspects of;

e the insitu tailings that remained within the impoundment near the slump, and

e the tailings from the slump run-out where the properties may have changed during the
slump due to considerable dynamic mixing, as apparent on the video records.

In order to fast track critical state testing of the tailings, two bulk samples were collected from the
tailings runout on the slump. Sample HA401; a low plasticity, clayey silt, was considered to
represent the bulk of the tailings that had liquefied, while sample, HA402, possibly representing
the coarsest phase of the tailings, was taken by carefully scraping the surface of a number of
randomly selected sand boils.

The insitu tailings in the vicinity of the slump provide an insight on the condition of the tailings
relevant to how the slump initiated.

Within the constraints of the post-failure exclusion zone, bulk samples of insitu tailings and
nominally undisturbed piston samples were taken from drillholes located as close as practicable
to the slump. Table E2-1 provides details of the materials comprising the bulk samples collected
from Lexan tubes. Three samples were collected in June 2018, while a further two were collected
from stored Lexans in December 2018.

Table E2-1: Bulk sample details of insitu tailings

Sample Visual Investigation

EEE Date Description ID LI

21.0-225

TC1 June 19-23, 2018 Clayey SILT CE407 300-315

TC2 December 17, 2018 Clayey SILT CE413 15.0-16.5

TC3 December 17, 2018 Clayey SILT CE413 27.0-28.5

CE407 27.9-28.3

14.6 —15.0

TS1 June 19-26, 2018 Sandy SILT, 156-158

trace clay CE408 17.7-18.0

221-225

29.7 -30.0

TS2 June 24-26, 2018 Sandy SILT CE408 21.0-225
trace clay

Initial testing was focused on determining the critical state locus with further testing to evaluate
resistance to cyclic loading (earthquake or similar) and evaluation of the stress path indicated by
numerical analyses.

Initial testing was carried out on bulk samples, with four samples being tested at Golder
Associates (Golder) Perth laboratory. The focus of the critical state and associated advanced
laboratory testing has been on the following samples:

H356804-00000-22A-230-0001 APPE Page 2



Newcrest ITRB Report on NTSF Embankment Failure Cadia Valley Operations

e HA401 Slumped Clayey SILT (predominant run-out tailings)
e HA402 Slumped Sandy SILT (sandier run-out tailings)

e TC1 ‘Insitu’ Clayey SILT (predominant insitu tailings)

e TS2 ‘Insitu’” Sandy Clayey SILT (sandier insitu tailings)

Four bulk samples (HA401, HA402, TC1 and TS2) were shipped to Golder’s Perth laboratory by
air freight, while the remaining bulk sample (TS1), piston samples and disturbed samples were
shipped to Trilab’s Brisbane laboratory.

Subsequently, sample HA401 was split and sent to Trilab, sample TS1 was sent to Golder’s Perth
laboratory and sample TC2 was shipped to KCB’s Vancouver laboratory.

The following tests were undertaken to characterise the tailings:
e Atterberg Limits
e Particle size distribution by hydrometer
e Particle size distribution by X-Ray sedimentation
e Specific gravity
e X-Ray Diffraction (XRD) — semi quantitative
e Scanning Electron Microscopy (SEM)

The following ‘advanced’ laboratory tests were undertaken on the tailings:
e |Isotropically consolidated undrained (CIU) triaxial;
e Isotropically consolidated drained (CID) triaxial;
e Anisotropically consolidated constant shear drained (CSD) triaxial;
e Cyclic direct simple shear test (CDSS);
e Bender element test;
e Oedometer consolidation; and
e Stress path triaxial testing.

E2.2 Advanced Laboratory Test Methods

E2.2.1 Critical State Testing
The Critical State Locus (CSL) was determined by undertaking a number of CID and CIU tests
on samples that had been reconstituted to a range of densities. This testing provides a reference
data set and is generally not at, nor intended to be at, the insitu density of the tailings. The testing
was generally undertaken in accordance with the procedures detailed in Appendix B of the Sail
Liquefaction, 2n edition (Jefferies & Been, 2016).

Key aspects of the testing are:

e Sample preparation involving the following steps 1) Drying in low temperature oven
(50°C), 2) breaking down of aggregations, 3) thoroughly mixing, 4) sub-sampling, 5)
reconstituting to a moisture content of ~10% using TSF decant water supplied by CVO
and 6) curing.
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e Compaction of sample into a split mould (mounted on the triaxial pedestal) to a
specified density by moist tamping in eight layers, using vibration where high densities
are required. Golder used 63 mm diameter specimens while TriLabs testing was
undertaken on 75 mm diameter specimens.

e Accurate measurement of changes in cell volume and pore fluid.

e Computer controlled loading and data acquisition to achieve approximately 4000
readings by 20 % strain. A much higher rate of sampling was used by Golders, with the
data subsequently filtered to reduce file size.

e Void ratio and moisture content determined by lightly freezing the assembled sample
(including pedestal) before dis-assembly.

Constant shear drained (CSD) triaxial tests were also undertaken to support the CSL testing and
assess the strength of the tailings under conditions of reducing lateral confinement, a condition
that potentially existed when the tailings embankment began to move.

CSD triaxial tests were prepared in a similar manner to the CIU and CID samples for CSL testing.
CSD tests were anisotropically consolidated to a specified value of Ko, followed by a reduction in
the mean effective stress. Servo controlled loading was used during the CSD testing.

Table E2-2 summarises the type, density and consolidation pressure of the principal CSL tests.

Table E2-2: CSL tests completed showing consolidation stress

Consolidation Stress
Test Density Test HA401
) Type HA402 TC1 TS1 TS2
Golder | .. b | 18004 | 18018 | 18028 | 18017
18003
1 VL Clu 50 50 50 100 100
2 L (6]]V] 100 100/250 100 200 100 200
3 L (6]]V] 500 500 500 800 500 800
4 L CID 300 300 100 © 400 300 400
5 L CID 800 300 © 1200 1200
6 D CID 50 800 100 100
7 D CID 100 200 200
8 D CID 800 500 1 1000 1000
9 D CID 1300
10 L CSD ® 200 @ 200 @
Notes:

(1) Except where noted on individual samples; VL= very loose, L = loose, D=dense.

(2) Mean effective stress.

E2.2.2 Cyclic Direct Simple Shear (CDSS)
The ability of the tailings to withstand earthquake induced ground motions was tested using cyclic
direct simple shear (CDSS) tests. The CDSS is a plain strain test that is analogous to the vertical
propagation of earthquake motion through the tailings. This type of testing is the de facto current
standard, at least for silts.

The tests were all carried out on reconstituted samples, using modern GDS equipment, and a
‘large’ sample size of 100 mm diameter. Tests were mostly carried out on TC1 material; with one
test completed on TS1.
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E2.2.3

E2.2.4

E2.2.5

E2.3

The upper, loose tailings will be the most vulnerable to earthquake ground motion because of the
amplification of that motion as it propagates upwards from the underlying bedrock. Consequently,
sample preparation was as loose as possible within the constraint of DSS preparation. After
consolidation to the test stress level these samples were found to be loose to somewhat looser
than the insitu tailings.

Tailings close to the upstream construction may behave differently (and likely, stronger) than the
tailings further away from the point of tailings discharge. A static bias (the ratio of horizontal shear
stress to initial vertical effective stress) is applied to the specimen to replicate these conditions
while an absence of static bias replicates conditions away from the upstream raise.

Cyclic loading is specified as the cyclic stress ratio (CSR) which is the ratio of cyclic shear stress
to the initial vertical effective stress. Relatively low values of CSR, between 0.05 and 0.10, were
adopted to replicate the expected low magnitude of ground motion (even with amplification).

The majority of tests were completed using a sinusoidal cyclic loading, however two tests were
undertaken that closely replicated the two seismic events recorded on March 8, 2018, albeit with
a much reduced separation between the two events.

Bender Element Tests (BE)

The small strain shear modulus was investigated in the laboratory via the measurement of shear
wave velocity. With this test miniature transducers (“bender elements”) embedded in the platens
at either end of a triaxial test specimen were used to measure the shear wave travel time, with
shear waves being identified by polarity reversal. A single sample, TC1, was consolidated
anisotropically (Ko = 0.6) in steps, with shear wave velocity being measure at each step.

Oedometer Consolidation Tests (OED)

Four oedometer consolidation tests were completed on 75 mm diameter piston samples in
accordance with AS1289.6.6.1. Specimens were loaded in increments to 3200 kPa, with one
unloading / reloading cycle between 400 kPa and 100 kPa.

Stress Path Triaxial Testing
The stresses developed in the tailings during the construction of the various embankment stages
and Stage 1 Buttress was extracted from the FLAC 2D analyses at various critical points.

Stress path triaxial tests were completed by preparing the samples in a loose state followed by
anisotropic consolidation. The samples were then loaded to replicate the loading path at a
particular point within the tailings. As the loading path can influence how the soil responds once
the stress state exceeds the soil’s instability locus, a number of tests were undertaken to test
various loading scenarios.

Six stress path tests were completed in Golder’s Perth laboratory and three in KCB’s Vancouver
laboratory.

Test Results

The results of laboratory test undertaken as part of the 2018 ITRB investigations are provided in
the annexures to this Appendix, whilst summaries of the test results are provided in the following
sections.
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E3. Tailings Characteristics

E3.1 Overview
Tailings stratigraphy and condition can be initially assessed (at a “screening” level) by processing
CPTu data using standard methods. This section describes that work, giving a context for the
detailed testing that then follows.

E3.2 Stratigraphy
The CPTu measurements at CPT-N04 (2017-010) are shown on Figure E3-1, together with the
standard normalised responses of friction ratio (F) and excess pore pressure (Bg). The left-hand
plot on this figure shows the tip resistance, with the ‘spikes’ on the plot being caused by sand
layers within the overall tailings; the induced excess pore pressure drops at the same time
because sand is ‘free draining’. The friction ratio is less in sand than in silts, but this is a less
sensitive indicator.

The CPTu measurements can be combined to derive a ‘normalised soil behaviour type’ or SBTn
(Roberston, 1990). In the case of 2017-N04, the SBTn indicates a profile that is predominantly
clays above RL 727, clays with intermittent 0.1 to 0.2 m thick sandy lenses between RL727 and
RL697 with the lower 14 m of the profile reverting to silty clay. A thicker layer of interbedded
sandy mixtures and clays is present from RL 723 to 727 m.

The investigations carried out for the ITRB indicate that the tailings are predominantly silt, not
clay; an effect that arises with loose silts which show large excess pore pressure when sheared
(eg Bg~0.5-0.6) and which the standard CPTu evaluation methods then indicate as ‘soft clay’.

Laboratory index tests in conjunction with the CPTu data, suggests an appropriate stratigraphic
characterisation of the tailings should be based on the relative proportions of sand layers within
the overall silt-dominated profile. Figure E3-1, shows the three strata, A, B, and C, adopted using
this characterisation.

Tip resistance, q, (MPa) Friction, f (MPa) Pore pressure, u, (MPa) « «  F (%)
0 5 10 15 20 000 005 0.10 020 05 0 05 1 15 2 o “ s 602 00 02 05 06 08 10

ur— O ‘

A
m_ iL
% |
o F 3.

Figure E3-1: CPT N04 showing measured and derived parameters
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E3.3 Soil Condition
The CPTu data is readily processed one step further to indicate how dense or loose the tailings
are. There are two standard charts for this, which are presented for CPTu 2017-N04 on
Figure E3-2 and Figure E3-3. In each case, the CPT data has been averaged into representative
depth increments and annotated as to the A, B and C strata just discussed.

The plot on Figure E3-2 is based on Shuttle & Cunning (2008) and uses the state parameter (W)
approach. The plot uses dimensionless penetration resistance (relying on Bq) versus Friction
Ratio. The green line indicates the boundary between contractive (potential for flow slide) and
dilatant (limited deformation) soil behaviour. As can be seen, all of the 2017-N04 profiles
classifies as potentially contractive material with the C stratum being a little weaker than the
overlying tailings.

The plot on Figure E3-3 is based on Robertson (2016) and is a plot of normalized tip resistance
versus friction ratio. The ‘S’ shaped line on this graph similarly denotes the boundary between
contractive and dilatant behaviour. The inference from this figure remains the same, with all of
the 2017—-N04 profile classifying as contractive.

Plots showing the tailings conditions at all CPTu locations is provided as Annexure EJ.
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E3.4 Tailings Properties

E3.4.1 Atterberg Limits
Atterberg Limits were obtained for various insitu samples collected from drill holes CE407, CE408
and CE413 as well as for the bulk samples subjected to CSL triaxial testing. The plastic limit for
HA402 could not be determined as this material is predominantly clean sand from a sand boil and
is inherently non-plastic. Test certificates are provided in Annexure EB, while results are
summarised in Figure E3-4.

80

70 A

60 1

Plasticity Index (PI), %

20 A

50 A

40

30 1

= HA401
A TC1
e TS2

® Piston Samples

Cl

Liquid Limit (LL), %

oL
o / MH or OH
| cL-mL /
_____ < _m_
_____ _Xg.-_ ML or OL
[
0 1‘0 2‘0 3‘0 4'0 50 6‘0 7'0 8‘0 9‘0

Figure E3-4: Plasticity chart for NTSF tailings samples

E3.4.2 Specific Gravity
The specific gravity determined on fifteen samples (using AS 1289.3.5.1) ranged between 2.55
and 2.77 with a mean value of 2.69. The specific gravity of triaxial test samples for critical state
locus determination was completed in accordance with ASTM D5550 using helium pycnometry
and AS 1289.3.5.1. These tests are compared in Table E3-1.

Table E3-1: Specific Gravity of tailings samples

100

Specific Gravity
Bulk Sample
AS 1289.3.5.1 ASTM D5550
HA 401 2.73 2.70
HA 402 2.63 2.66
TC1 2.74 2.71
TS2 2.69 2.70
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E3.4.3 Particle Size Distribution
Particle Size Distributions (PSD) test certificates are provided in Annexure EB while the results
for bulk samples are presented graphically in Figure E3-5, with HA401 and HA402 determined
by X-Ray Sedimentation (shown as dashed lines) and a composite Concentrator 1 sample
(Golders, 2016). PSD for all remaining tailings samples (excluding bulk samples) are presented
graphically in Figure E3-6.

| CLAY | SILT | SAND | GRAVEL |
100
9
80
70
S
o 60 y ——  HA401
& 50 / v / ——  HA402
€ S
8 4 / A TC1
s 40 /
o /’ TS1
2 // —
- = TS2
N A
59 — TC2
20 1/2:/;/¢/ /
= —— TC3
="/
10 e =T | | | e Concentrator 1
. |
0.001 0.01 0.1 1 10
Particle Size (mm)
Figure E3-5: Particle size distributions for tailings triaxial samples
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Figure E3-6: Particle size distributions for tailings samples
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Key observations regarding Figure E3-5 and Figure E3-6 are:

e The dominant NTSF tailings classify as a low plasticity Sandy SILT according to
AS1726-2017.

e X-Ray Sedimentation yield similar result to hydrometer analysis, with slightly lower clay
content recorded using X-Ray Sedimentation.

e HA401 PSD is very similar to the Concentrator 1 (C1) sample tested by Golder’s in
2016.

e TC1 and TS2 are very similar in grading, with TS2 containing slightly less clay than
TCA.

e Although taken from a sand boil, HA402 is representative of some portions of the
tailings profile; eg. CE407 30.5 m

E3.4.4 Mineralogy
Semi-quantitative X-Ray Diffraction (XRD) analysis was completed on samples HA401 and TC1
to determine the main mineral constituents of the NTSF tailings. XRD reports are included in
Annexure EC. Representative sub-samples were removed and lightly ground such that 20% was
passing 20 microns to eliminate preferred orientation. Analyses were completed by Microanalysis
Australia by using cobalt radiation for the x-ray source, search match software Eva 4.3 and an
up-to-date ICDD card set.

Mineral phases and concentrations for HA401 and TC1 are listed in Table E3-2. The NTSF
tailings generally consists of four dominant mineral phases, i.e. Albite, Quartz, Clinochlore and
Microcline. These results are consistent with an earlier mineralogical investigation of the Cadia
Hill extended tailings samples (JKTech Job No. 3233,11/2003).

Table E3-2: NTSF Tailings XRD mineral phase concentrations

Concentration (%)

Mineral Phase TC1 HA401
Albite 46 34
Quartz 19 21

Clinochlore 9 18
Microcline 14 15
llite 2 4
Calcite 3 3
Amhipbole Group 4 2
Magnetite 3 1
Gypsum 1 Trace
Pyrite Trace Trace
Bohemite - Trace
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E3.4.5 Particle Shape
Run out and insitu tailings were subject to scanning electron microscopy (SEM) tests undertaken
by Microanalysis Australia using a Carl Zeiss EVO50 scanning electron microscope fitted with an
Oxford INCA X-Max energy dispersive spectrometer (EDS).

Tests were undertaken on bulk samples HA401 and TC1 to qualitatively investigate particle
characteristics on a microscopic level such as describing particle angularity.

Particles are angular to sub-angular, with some showing a characteristic rhomboid shape, as
shown in the SEM images presented in Figure E3-7 and Figure E3-8. SEM reports are included
in Annexure ED.

; 200pm ! Electron Image 1

Figure E3-7: SEM image of NTSF insitu tailings from TC1

1

90pum Electron Image 1

Figure E3-8: SEM image of NTSF run out tailing from HA401
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E3.5 Tailings Properties for Monotonic Loading

E3.5.1 Small Strain Modulus
The shear wave velocity of the insitu tailings adjacent to CPT-N04 was measured, as part of the
2017 field campaign, using a seismic dilatometer (SDMT) and the “elasticity” or small strain shear
modulus, Gmax, Was estimated using the following relationship:

Gmax = Us*(M/8) X ppyc (kg /m*)

This insitu data for the small shear strain modulus is plotted against the mean effective stress at
the test depth in Figure E3-9 as the blue points.

The small strain shear modulus was measured in the laboratory bender elements and this is also
shown on Figure E3-9 as brown squares. Detailed results for the bender element tests are
included in Annexure EL.

300.0

° CPT NO4 SDMT
n TC1 Bender Element
250.0 - »  Loose Silts (e~0.9)
= Dense Silts (e~0.7)
NCS (B)
NCP (B) }
200.0 A cab () o
EKO (B) ; ®
RoC ()

150.0 4

Gnax = 1.04 p 0787

Elastic shear modulus, Gmax:MPa

100.0 1

0 100 200 300 400 500 600

Mean effective stress, p': kPa
Figure E3-9: Elastic shear modulus (Gmax) for NTSF tailings

The elasticity of the NTSF tailings determined by these two test methods is comparable, with the
insitu data being slightly stiffer. The difference in behaviour may be a result of aging or
alternatively, a difference in particle arrangement or fabric; ie. the insitu tailings were deposited
hydraulically while the laboratory sample was loosely tamped.

The elastic stiffness of the NTSF tailings appears normal for loose silt, when compared with data
from other sites ( (Shuttle & Jefferies, 2016)) and shown in grey on Figure E3-9.

The relationship between Gmax and p’ for NTSF silt can be expressed by a power law:

Gax = 1.5 % P'O'757 (MPa) Equation 3-1
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E3.5.2 Confined compressibility
Four oedometer tests were undertaken on undisturbed samples of insitu tailings from CE407,
CE408 and CE413. Samples were loaded to between 3 and 3200 kPa. The results of these tests
are presented in Figure E3-10 on a plot of void ratio versus log applied pressure while key
parameters for each test are summarised in Table E3-3.

The low-stress part of the curve corresponds to the re-consolidation of the sample to both its
original insitu stress state as well as some densification due to disturbance during sample
extrusion. Over the stress range of 100 kPa to 2000 kPa these samples exhibited a compression
index of 0.05 <C¢<0.09. The compressibility increases at stress levels greater than 2000 kPa,
possibly caused by grain crushing (a behaviour seen in other soils).

Oedometer test certificates are included in Annexure EK.

0.70

0.65 1

0.60 1

4 \
0.55 i .\\
§ 0.50 '\
SN
CE407 12.00 - 12.45 =
0.45 \:S
*
——CE408 11.00 - 11.45 \
*
0.40 1 \
CE408 25.99 - 25.45 \.
0.35 1
+—CE413 25.85 - 26.40
0.30 T T T
10 100 1000 10000
Vertical Effective Stress (kPa)
Figure E3-10: Oedometer Test Results
Table E3-3: Summary of consolidation test data
yb >75um w ,
ID Depth RL (t/m3) (%) (%) eo Cr Cc p’c
CE407 12.00-12.45 | 719.8 2.02 29 25.0 0.674 | 0.025 | 0.112 110
CE408 11.00-11.50 | 732.8 2.13 33 222 0.561 | 0.025 | 0.113 130
CE413 | 25.95-26.40 | 717.9 2.20 36 235 0.538 | 0.024 | 0.100 155
CE408 | 25.00-25.45 | 718.8 1.99 41 19.2 0.591 | 0.023 | 0.112 300
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E3.5.3 Critical State Locus
The CSL for each tailings sample was determined using the standard method, with triaxial tests
on predominantly loose samples, tested both drained and undrained. The critical state is the end
point of those tests that reach the condition of continuing deformation at constant deviator stress
and constant void ratio. Dense tests generally cannot reach this condition within the deformation
limits of the triaxial test equipment.

The result of triaxial tests on the TC1 tailings are presented in Figure E3-11 as a void ratio versus
mean effective stress plot (e versus log p’). The inferred CSL is the green line on this figure. The
three undrained tests all reached their critical state, which is shown as a blue dot. The loose
drained tests were close to their critical state at the limits of the test equipment. The dense tests
did not reach the CSL, as is usual, and were carried out to measure stress-dilatancy of the tailings.

Although a linear semi-log distribution is a reasonable representation of the CSL, close inspection
of the test results suggests the now-common “curved” equation is a better fit:

12 [
e.=a—bx (p /100) Equation 3-2
where: ec critical state void ratio
p' mean effective stress measured in kPa, and
a,b,c soil properties defining the CSL.
08
0.7 A
056 A L=
2 '
T 1)
14 ~3
- S
0.4 -
03 . . B
10 100 1000 10000

Mean Effective Stress, p': kPa

Figure E3-11: Triaxial test paths showing critical state locus for TC1

Similar results were obtained for the sandier insitu tailings as well as the mixed tailings found in
the run-out soils. In all cases a slightly ‘curved’ CSL was the best fit to the tests, with the properties
given in Table E3-4. The CSL'’s of these soils are compared on Figure E3-12.
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The effect of mixing during the slump is to give the mixture a more contractive state. That is, for
any given void ratio the mixed CSL (red line) lies at a lower void ratio than that for either of the
‘parent’ tailings. The implication of this is that the tailings will accelerate as they slump because
of further loss of undrained strength.

Plots showing the results from triaxial tests on the bulk samples are presented in Figure E3-12,

while test certificates are provided for individual samples in Annexure EE to Annexure El.

Key points to note with respect to the CSL testing are:

Void Ratio

A CSL has not been reported for the sand boil material from the slump (HA402) as this
material was not considered representative of the insitu materials encountered

The CSL for sample TS1 is based on limited testing (2 x CIU and 1 x CID) and was
undertaken to confirm the similarity of samples TS1 and TS2.

CSL testing of sample HA401 was undertaken by both Golders and Trilabs. The results
presented in Annexure EE are considered to be within the accuracy of measurements.

0.3

TC1 - Insitu Sandy Clayey SILT
TS1 - Insitu Sandy SILT
TS2 - Insitu Sandy SILT

HA401 - Mixed run-out tailings

csl_comparison_r1.xls

100

Mean Effective Stress, p': kPa

1000

Figure E3-12: Comparison of CSL for NTSF tailings

Table E3-4: NTSF Tailings CSL Properties

10000

CSL Parameters

Bulk Sample
a b c
TC1 — Insitu Sandy Clayey Silt 0.906 0.355 0.119
TS1 - Insitu Sandy SILT 1.302 0.735 0.063
TS2 — Insitu Sandy SILT 1.350 0.762 0.065
HA401 — Mixed run-out tailings 1.400 0.885 0.053
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E3.5.4 Drained Strength
The drained strength of soils is controlled by their critical friction ratio (the property M or,
equivalently, ¢c) and their dilatancy (controlled by the property y and their current state
parameter). Although these properties are most easily determined using drained triaxial tests on
dense samples, as part of the CSL testing programme, the properties carry over into the full
spectrum of soil stress-strain behaviour — drained or undrained, loose or dense.

The data from the various tests is summarised on the upper graph of Figure E3-12 which plots
the stress ratio at peak strength (7max) versus the dilation rate at that strength (Dmin). As there is
considerable similarity between the three tailings tested, a single line (shown in green) has been
adopted to represent the tailings strength behaviour. This line is defined by the slope (1-N) where
N is the volumetric coupling parameter, and the critical state friction ratio, the intercept M,., where

Gcs = tan_l(l/M)-

The dilation that develops as soil deforms (shears) is a consequence of the available space for
particles to move into — and thus controlled by the state parameter, 1. The state dilatancy
parameter, Yt, is the slope of the trend line for minimum dilatancy (equal to dilatancy at peak
stress ratio) versus the state parameter at peak stress ratio (Dmin Vs 3 at Dmin) as shown on the
lower plot of Figure E3-13. As is the usual case with silts, there is a small range of state over
which to infer this property and with consequent loss of precision. As a consequence, an average
representative value yt« = 8.0 was adopted for the deformation modelling. The calculated values

for these deformation parameters are listed in Table E3-5.

Table E3-5: Adopted deformation parameters

M N X Pes H v
1.5 0.3 8.0 34° 50 -450y 0.2

The strength property determination discussed above illustrates how those properties are
determined. However, these properties are used in the opposite way in subsequent analysis (as
illustrated by the ‘blue arrows’ on Figure E3-13. The input is the state parameter (1), which
establishes the limiting dilation, Dmin. This limiting dilation in turn both controls the relative strains
(for example, vertical versus horizontal) as well as the strength of the soil. Hence, the insitu state
parameter must be determined to use these properties.

E3.5.5 Stress-Strain Behaviour
The properties determined above were used in the NorSand model to compute the stress-strain
behaviour of the tailings, which was then compared to the measured stress-strain behaviour. This
is slightly less than full validation because NorSand, as do other comparable models, requires a
plastic hardening modulus in addition to the properties listed in Table E3-5. The approach
adopted was to estimate this plastic hardening modulus and then to adjust (“iterate”) that modulus
to provide a best -fit of the theory to the data.
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Figure E3-13: Strength and dilatancy of NTSF tailings

Examples of the fits obtained are shown on Figure E3-14 and Figure E3-15. The first figure shows
a moderately dense test on the predominant insitu silt (TC1), which checks that the dilatancy has
been properly captured by the determined soil properties and establishes the plastic hardening
modulus. The second figure shows that the same properties carry across to undrained behaviour,
although as usual a reduced elastic shear modulus is needed from that determined shear wave
velocity measurements in the field. In both cases the reported void ratio of the test is honoured.
The plastic hardening modulus determined by this iterative fitting is linearly dependent on the
state parameter, illustrated on Figure E3-16.

The iterative fitting was done for the predominant silt (TC1) and the ‘sandier interlayers’ (TS2),
as the derived plastic modulus was needed for calibrating the CPT insitu. In fitting the test, the
plastic hardening modulus was varied to best-fit each test. This produces some scatter around
the trend, generally attributed to the effect of the detailed particle arrangement “fabric” that is not
captured by void ratio. A linear trend line was fitted through the modelling results:
H = Ho - Hy. Values for these modulus parameters are given on Table E3-5.

Displacement modelling used the average trend for H as a uniform soil type.
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Figure E3-15: Calibration to a contractive undrained triaxial test on the predominant silt
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Figure E3-16: Plastic hardening modulus used in fitting tests on TC1 silt
E3.6 Cyclic Strength

E3.6.1 Test Program
All cyclic direct simple shear tests (CDSS) were carried out on the predominant insitu silt (TC1)
sample because the wavelength of earthquake motion is such that the thinner sand lenses will
not be “seen” by the ground motion.

Seven tests were carried out for the ‘far-field’ condition upstream of the dam crest where the
tailings were most likely in a geostatic stress state; i.e. minimal to no ‘static bias’. Three of these
tests were at a vertical effective stress of 50 kPa and three at 300kPa. The 50kPa stress was
selected to correspond to the lowest stress level of the saturated tailings, as the upper 3 -5 m of
tailings appears unsaturated and would not be subject to liquefaction. The 300 kPa stress level
was selected to define trends with stress, noting that strong ground motions are normally
amplified during propagation from the underlying bedrock and thus it is the near surface stress
levels that are of greatest initial interest.

All tests were on samples that were slightly looser than the best-estimate of the insitu Y of the
tailings, with some tests being markedly looser. The cyclic stress level was chosen to simulate
low-level earthquake motions (or comparable) with two tests at a markedly greater cyclic stress
to ensure that the effect of loading was observed. Thus, this part of the test program provides a
slightly conservative view of how the tailings might responded just upstream of the dam.

A further two tests were then added to the program to measure the response of tailings beneath
the upstream raise fills where deformation modelling revealed the most highly loaded soils; i.e.
with a high ‘static bias’. The test conditions were abstracted from the deformation modelling
(‘Point 1°, Appendix H). The test samples were prepared loose, but densified substantially as the
static shear stress was applied; a behaviour also seen in the deformation modelling. The cyclic
stress level was set based on the March 8, 2018 earthquakes. In one test, a uniform cyclic stress
was applied, while the computed stress-time history was applied in the other test.
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The cyclic testing was then supplemented by two monotonic direct simple shear tests, carried out
to illustrate the tailings response in the absence of earthquake loading from the computed stress
state representing the most highly loaded tailings. One of these tests was undrained from the
outset; the second was loaded drained to the stress state from the displacement modelling before
being loaded undrained.

E3.6.2 Sample Preparation
Samples were reconstituted ‘very loose’ and then consolidated to the test pressure of 50 or
300 kPa (Figure E3-17). As usual, there was marked void ratio reduction when load was first
applied before a proper consolidation trend was established.

The CSL shown on Figure E3-17 is from triaxial testing of TC1 tailings converted from mean
effective stress to vertical stress using an assumed Ko=0.7. As can be seen, the as-tested state
parameters were markedly loose of the critical state, lying in the range +0.10 < i < +0.16 while
the characteristic insitu state is approximately 1)~ +0.09.
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Figure E3-17: Evolution of sample void ratios to tested conditions

E3.6.3 Test Conditions
The test conditions are summarised in Table E3-6 and Table E3-6 using the standard loading
metrics of imposed cyclic stress ratio and static bias. One test had a ‘custom’ cyclic loading that
replicated the two small earthquakes on March 8, 2018.

Certificates for the cyclic simple shear testing are included in Annexure EN.
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Table E3-6: CDSS test conditions and applied loading for ‘far field’ tests

CSs1 50 0.05 0.75 0.16 0.096 20.3 23
CSS2 50 0.05 0.75 0.16 0.054 495 495
CSS3 50 0.00 0.72 0.14 0.054 500 500
TC1 L\g(e);ye CSS4 300 0.00 0.61 0.10 0.059 505 505

CSSs5 300 0.05 0.62 0.11 0.094 18.3 20

CSS6 300 0.05 0.62 0.11 0.056 510 510

CSS7 300 0.05 0.62 0.11 0.127 3.5 5

Table E3-7: CDSS and MDSS test conditions and applied loading for ‘in dam’ tests

CSS8 300 0.30 057 | 0060 | 0057 | ~12 | Seetext
MSS9 300 0.00 0.61 | 0.096 monotonic
TC1
Very | Mss10 300 0.30 0.59 | 0.082 monotonic
Loose ' : :
CSS11 300 0.30 0.56 | 0.046 custom
TS1 CSS11 300 0.30 0.60 | 0.080 custom

E3.6.4 Far Field Tests Results
The measured behaviour in one of the high-load samples (test CSS-5) is shown on Figure E3-18.
The shear strain induced by cyclic loading remains small until the excess pore pressure increase
to about ru ~0.8, which also corresponds to the sample beginning to show a “butterfly” stress-path
as loading continues. This is normal behaviour, in both sands and silts, with the soil
accommodating substantial excess pore pressures before cyclic softening becomes established.

Typically, the number of cycles to ‘liquefaction’ is reported in cyclic shear tests. However, for
these tests two criteria have been used to define liquefaction, namely

e ashear strain of >2.5% regardless of whether static bias was used; and,
e an excess pore pressure ratio, ru >0.9.
The results of applying these criteria to the test results are tabulated in Table E3-6.

It should be noted that values quoted at ~500 cycles are an underestimate, as testing was
terminated at this point and none had met the liquefaction criteria at the test limit.
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Figure E3-18: CDSS5 test result on TC1
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It does not matter whether the strain or excess pore pressure criterion of liquefaction is preferred
as the results are similar. The trend for the number of cycles to the strain criterion versus cyclic
stress ratio is presented on Figure E3-19; a logarithmic x-axis is used as cyclic loading is a
fatigue-like process. There is no obvious effect of soil state nor any obvious effect of static bias;
the results are also notably strong for such loose soil.

Further insight can be gained if the excess pore pressure ratio ru is considered at 5 and at 15 load
cycles. This is shown on Figure E3-20. There is again little obvious effect of static bias or soil
state, but what is very clear is a ‘yield’ stress ratio (or, equivalently, a strain threshold) below
which there is no generation of excess pore pressure. This limit is approximately at a cyclic stress
ratio of ~0.045. As threshold strains have been observed in other soils, the measured appears
reasonable.
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Figure E3-19: Strain based onset of liquefaction vs severity of loading

® N=5-Bias=0

© N=5 - Bias = 0.05
0.8 15 load cycles
N=15- Bias = 0 I}

/!
!

5 load cycles

N=15 - Bias = 0.05

0.6 ’

04 ,

Excess PorePressure Ratio, r,,
~

02 ”

W
.
0.0

0.00 0.05 0.10 0.15

Cyclic Stress Ratio, t.,./c,o

Figure E3-20: Excess pore pressure ratio at N =5 & 15 vs severity of loading
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E3.6.5 Near Field Tests Results
The FLAC 2D deformation analysis (Appendix H), established the stress state within the tailings
after completion of the Stage 1 Buttress. A zone of particularly high mobilised stress ratio (Point
1) was chosen and the stress history was output. A static bias of 0.3 was adopted and this was
then used to define the start of a second set of tests to evaluate the tailings response during the
March 8, 2018 seismic events.

The first cyclic test used a uniform sinusoidal cyclic loading as is standard. The results are shown
on Figure E3-21 as the blue lines. Also shown on this figure is the result of a duplicate sample
tested monotonically from the same initial conditions, shown as the red lines. The cyclic test
actually shows greater strength than the monotonically loaded sample, which is most likely a
reflection of slightly different sample preparation. The measured cyclic behaviour amounts to
about 12-15 cycles of almost ‘load-unload’ behaviour during which the pore pressure increased
slowly; at that point the stress path intersected the samples monotonic undrained strength and
this largely controlled the response. Essentially, this test had so much ‘static bias’ that its strength
was controlled by the maximum shear stress rather than the cyclic aspect.
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Figure E3-21: Measured response of ‘highly stressed’ zone in cyclic loading

A further test was then carried out which exploited the ability of the GDS equipment to simulate
a custom waveform. The computed earthquake response of the tailings at the ‘Point 1’ location
was recovered from the analysis as a time history of variation in the horizontal shear stress. After
discussion with the equipment manufacturers, the variation in shear stress with time computed
by FLAC 2D at Point 1 was filtered into a cyclic loading record for the simple shear equipment.
Both pulses of the March 8, 2018 seismic events were included, with the time between them
reduced for testing convenience whilst test conditions were maintained undrained. The test
equipment was able to reasonably match the desired shear stress variation computed by
FLAC 2D, illustrated on Figure E3-23.
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Two of these custom cyclic tests were carried out; one on the predominant silt tailings (TC1) and
one on the slightly sandier sample (TS1) representing the ‘interbedded layers’ apparent on the
CPT records. Both samples were prepared loose, and both were loaded drained to the ‘static
bias’ computed by FLAC 2D for Point 1 and with the consequent shear-induced densification.
The results of these two tests are shown on Figure E3-23. Very little excess pore pressure was
generated in either case (the vertical effective stress changes minimally) with the response being
quasi-elastic unload-reload from a dominant pre-cyclic stress state established by the drained

loading.
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Figure E3-22: Ground motion input to CDSS test simulating earthquake motion at Point 1
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Figure E3-23: Response of Point 1 tailings to 8 Mar 2018 earthquake in cyclic simple shear
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E3.7 Stress-Path Testing
E3.7.1 Stress-Path

The trajectory over which the mean effective stress (om) and the distortional stress (the 3D stress
invariant oq) changes is known as the ‘stress path’ and this can influence how soil responds.

FLAC 2D deformation modelling was used to assess how stresses developed at five points within
the tailings as shown on Figure E3-24. Of these five locations, ‘Point 1’ corresponds to the most
plastically loaded tailings with the greatest ratio of the parameter 7 (=04 / om). The stress-paths
at Point 1 and Point 5 are shown on Figure E3-24.

Soil can fail by transitioning from a drained loading path to an undrained one if the stress state
exceeds the soil's instability locus. Although the instability locus can be computed, the ITRB
wished to confirm this by a physical testing and commissioned a number of stress path triaxial
tests.
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Figure E3-24: Computed stress-path tested used in triaxial shear

E3.7.2 Test Method and Program

Six stress path tests were completed by Golder’s Perth laboratory and two by KCB'’s Vancouver
laboratory.

At Golder’s Perth laboratory, two stress path triaxial tests were completed on Sandy Clayey SILT
tailings represented by sample TC1, while four tests were completed on Sandy SILT represented
by sample TS1. In all cases the samples were prepared by moist tamping the tailings in a manner
used for the CSL testing. Following assembly and saturation, the triaxial specimens were
anisotropically consolidated at a mean effective stress of (p’) of 188kPa and Ko ~ 0.64,
corresponding to the stress at ‘Point 1’ at the end of Stage 4.

On completion of anisotropic consolidation, the samples were loaded in such a manner to
replicate the construction of the embankment Stages 5 to 10 and the Stage 1 Buttress. Two
loading paths were followed, a fully drained path with consolidation being permitted during each
loading stage, and a partially undrained path where the load was applied in 5kPa increments
under undrained conditions, followed by drainage.
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Following loading up to conditions replicating those on completion of the Stage 1 Buttress, the
loading path followed two trajectories as shown on Figure E3-26. In the case of Path A and B,
the load applied resulted in a constant deviator stress, while in the case of Path C the deviator
stress increased following the same trajectory as that during the Buttress 1 construction.

During the stress path tests the principal stress was applied by either ‘dead weights’ or by servo
controlled loading. A brief description of each test and loading conditions is provided in
Table E3-8.

In the case of KCB test TX05, the specimen was cyclically loaded after following the Point 1 stress
path that replicated construction from Stage 4 to the end of Buttress 1. The custom double pulse
wave form which used the March 8, 2018 seismic event (Figure E3-22) was used for the cyclic
loading.

The various loading paths adopted for the stress path testing are shown on Figure E3-25.

Table E3-8: Stress path triaxial test details

Sample Test .-II.- s Description KO Stress
ype
Fully drained construction loading path.
Sa1 | TestA y _ angp 0.64 Servo
Constant deviator stress loading. (DigiRFM)
Anisotropic consolidation from p’=20kPa
Partially undrained construction loading Servo
Sa-2 TestB path. 0.65 (DigiRFM)
TS1 Constant deviator stress loading.
18028
Fully drained construction loading path.
Sa-3 | TestC1 yer , 9p 0.62 Dead
Increasing deviator stress. Weights
Anisotropic consolidation from p’=20kPa
. . . Dead
Sa-7 Test C2 | Fully drained construction loading path. 0.62 Weights
Increasing deviator stress.
Partially undrained construction loading
Dead
Sa-10 | TestC3 | path. 0.62 .
) ) Weights
Increasing deviator stress.
TC1 Partially undrained construction loading
18018 path.
. . Dead
Sa-11 Test C4 | Increasing deviator stress. 0.61 .
Weights
Last stage fully undrained with valves
closed.
Isotropically consolidated - 3 Stages.
. . . Dead
TXO03 Test C5 | Fully drained construction loading path. - Weights
Increasing deviator stress.
TC2 Isotropically consolidated — 4 Stages.
A03353 | TX04 | TestC6 | Fully drained construction loading path. - VI\:/):iZit
Increasing deviator stress
Isotropically consolidated — 4 Stages.
TX05 Cyclic Fully drained construction loading path. - Servo
Double pulse cyclic loading
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Deviator Stress, q (kPa)

E3.7.3 Test Results
Stress path plots, together with plots of axial strain versus mean effective stress are provided for
samples TS1 and TC1 on Figure E3-26, while full details are provided in Annexure EO. Results
for sample TC2 are included in Annexure EP.
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Figure E3-25: Loading paths adopted for stress path tests

In the case of test Sa-11, essentially instantaneous collapse of the sample (liquefaction) resulted
when it was subject to a small increment of shear stress under undrained conditions. As it is
difficult to appreciate the speed at which liquefaction can develop past the instability locus, a
video has been prepared of this test illustrating this very rapid change and which is included in
the report as Annexure ER.
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Figure E3-26: Stress path and axial strain plots for Tests A, B and C

Although the double pulse waveform used for the cyclic loading of sample TXO05, replicated in full
the two seismic evens of March 8, 2018 (albeit with the time between them reduced to 2 sec),
approximately 700 cycles of this double pulse waveform were applied to the sample. The results
indicate an initial transient pore pressure response that was minimal and most likely a system
compliance issue leading to phase-lag between mean stress increase/decrease and measured
pore pressure. Only after approximately 70 cycles of this double pulse waveform was there an
increase in the axial strain.
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The first cyclic loading pulse and pore pressure response are shown on Figure E3-27 and
Figure E3-28 respectively. As can be seen, there is no increase in residual excess pore pressure
at the end of the loading cycle.
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Figure E3-27: First cyclic loading pulse
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Figure E3-28: Pore pressure response to first cyclic loading pulse
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E4.
E4.1

Insitu State Parameter

Overview

The CPTu does not measure soil state, relative density or void ratio. These parameters have to
be recovered from the CPTu data by processing the measured mechanical responses as the
CPTu probe is pushed into the ground. This processing is theoretically difficult with no complete
universal method; thus, the industry has always looked to calibration studies. In the case of sands,
calibration studies involved controlled chamber testing. In the case of clays, calibration studies
reference another test method (commonly triaxial testing of undisturbed samples or insitu vane
shear).

Silts have, to date, no controlled chamber test studies nor can undisturbed samples be tested as
there is always gross disturbance during extrusion and sample handling. Further, silts have
largely been avoided in the literature with few cited papers. There are also few case-histories of
failure in silt and those that have been published are missing basic information on soil properties.

The approach followed here has been developed over the past decade and is based on the
mechanics of soil behaviour being the same in silt as in sand. Thus, the numerical methods
developed and calibrated for sand can be extend to silt by allowing for the lower hydraulic
conductivity of silt, which switches the penetration from drained to undrained. There is a very
small window of partially drained penetration, which can be ignored for practical purposes.

The current state of the art for CPTu behaviour in silt lie in work at Somincor (Shuttle & Jefferies,
2016) and that work has been further extended for the NTSF.

The CPTu has only been calibrated for the predominant Sandy clayey SILT (TC1). Theoretically
the tailings would require a ‘thin layer correction’, to accommodate for thin sandy layers, however
this is beyond the current assessment. At other sites it has been found that soils within a tailings
impoundment display very similar state parameters even as their gradation changes with distance
from the discharge point. Thus, a reasonable assessment of the insitu state of the NTSF tailings
is to focus on the predominant silt alone.

E4.2 Methodology

E4.2.1 Cavity Expansion Analogue

Although a few attempts have been made to capture the true CPTu geometry in finite element
analysis, nearly all understanding is based on ‘cavity expansion’ analysis. The attraction of cavity
expansion analysis is that a true 3D situation can be approximated by 1D (with soil particles just
moving radially away from the CPT). Such an approximation allows relatively straightforward
simulation of CPTu penetration using ‘large strain’ finite element methods. One of the programs
that does this is known as the ‘CPTwidget'. It has been extensively calibrated in sands, while the
initial extension to silts was undertaken by Shuttle & Cunning (2007) with further development
and calibration at Somincor (Shuttle & Jefferies, 2016).

The cavity expansion methods work as an analogue to the load on the conical tip of the CPT. In
the case of piezocone testing, this analogue is for the ‘u1’ location of the pore pressure sensor.
However, most of the CPT industry (and as was the case at the NTSF) deploys the pore pressure
sensor at the ‘u2’ location just behind the shoulder of the CPT tip, as experience is that the u2
location gives with most sensitive indication of changing soil type and properties.

The ‘CPT Widget' has been enhanced (Release 2.5) to output an analogue of induced pore
pressure at the u2 location. This enhancement was based on the common assumption that the
u2 location reflects only pure shear of the soil.
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E4.2.2 CPT Calibration at NTSF
The ‘widget’ uses NorSand and thus the soil properties determined during the laboratory testing
are used directly as inputs. The widget outputs the soil-specific coefficients for evaluating CPTu
data based on these properties and which are used in the equation:

o
Y= (ln( /k))/m Equation 4-1
where Q"=Q.(1-B,))+1

The computed relation for the normalised tip resistance is shown on Figure E4-1. As has been
found in all other silts, there is no effect of elasticity in the computed trends; nor is there any bias
with stress level. The fitted trend line through the results corresponds to the usual semi-log fit and
is given by the coefficients; k' =11.5 and m’ =19.0

The matching computed excess pore pressure trends are shown on Figure E4-2. The computed
trend has been fitted with a quadratic equation for ease of using the calibration in CPT processing;
the parameters have been weighted for best-fit of the equation in the zone of interest +0.05 < i
< +0.13. The fitted trend is given by:

B, =2.1x 1 +35=? Equation 4-2

Where, Bq is that at the u2 location as used at Cadia.

100 B Ir= 50 and p0= 100 kPa

O Ir= 50 and p0= 500 kPa
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Figure E4-1: Computed CPTu resistance and fitted trend for CPTu in NTSF TC1 silt.
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E4.3
E4.3.1

E4.3.2
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Figure E4-2: Computed excess pore pressure and fitted trend for CPTu in NTSF silt TC1.
CPTu Processing

Insitu state parameter profile

The derived calibrations have been used in processing the data from CPT-N04 located near the
edge of the slump and these are shown on Figure E4-3. The state parameter 1 computed using
both Figure E4-1 and Figure E4-2 show very good correspondence.

Processed results for all CPTu completed during the 2013 and 2017 campaigns are included in
Annexure EJ.

The characteristic state parameter i« is that for which about 90% of the stratum is denser (more
dilatant), as both stochastic simulations and physical tests have shown that the looser zones
control the stability of the overall soil mass. This characteristic state has been assessed by eye
(as opposed to formal statistical processing), with the estimate that this characteristic state is
about Y« = +0.09, possibly a little looser at depth.

Undrained strengths: Peak and post-liquefaction

The peak undrained strength has been computed using the conventional ‘total stress’ method.
Although vane shear test undertaken in conjunction with the 2017 CPTu campaign indicate a
lower value, the coefficient adopted for the current analysis is Nkt=16; a value established at ,
Somincor after the extensive work on silts (Shuttle & Jefferies, 2016).

The strength computed on this basis is the results shown in grey in the middle plot of Figure E4-3
and corresponds to a peak undrained strength ratio su/cv’ = 0.18.
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As the current laboratory calibrations are generally considered to over-estimate actual strengths
developed during liquefaction failures, the post-liquefaction strength is based on the computed
state parameter as well as case-history experience. The strength computed on this basis is the
results shown in green in the middle plot of Figure E4-3. This corresponds to a characteristic post-

liquefaction undrained strength ratio si/cv’ = 0.09, perhaps reducing to s/ov’ = 0.08 at depth.
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Figure E4-3: CPTu 2017 N04 state parameter, undrained strength ratios and brittleness
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E4.3.3 Brittleness

Brittleness is the proportion of undrained strength lost on liquefaction. This has been computed
from the strength profiles derived from the inferred state parameter (tip resistance method) and
is shown on the right hand plot of Figure E4-3. Although this indicates ~60% loss of tailings
strength on liquefaction, this may be an over-estimate as the observed post-liquefaction slopes
at the NTSF slump are reasonably steep and would indicated a higher post -liquefaction strength.

The average brittleness (with standard deviation) and average critical state undrained shear
strength ratio (Sadrekarimi, 2013) have been calculated for CPT NO3 and N04 and are plotted on
Figure E4-4. Figure E4-4 supports the view that the NTSF tailings are susceptible to liquefaction
as the NTSF data lies within the zone where case histories of flow liquefaction have been reported
(Robertson, 2010b).
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Figure E4-4: CPTu 2017- N04 - Robertson brittleness plot

E4.3.4 Validation Check

As part of the 2017 CPTu campaign, ATC Williams recovered high quality undisturbed samples
using specialised sampling equipment. Further, they recognised the potential for sample
disturbance, and sample handling procedures were established to minimise this. These samples
were used to validate the state parameter determined from CPTu testing. This validation was
undertaken in the following manner:

e This sample depth for each undisturbed sample was converted to an insitu mean effective
stress using: the estimated saturated unit weight of the tailings; the measured pore water

pressure from CPT dissipation tests; and, a geostatic stress ratio coefficient Ko=0.7.

The critical void ratio was computed for the insitu mean effective stress using the critical
state parameters for both the TC1 and TS1. Both CSL were used because the CPT show
that layering of sandier and predominant-silt is pervasive in the depth range of these
samples and the proportion of each layer in the tube is not known.

The state parameter was calculated based on the initial void ratio reported for each
undisturbed sample and the critical void ratios calculated for each CSL.
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For each undisturbed sample, the range in computed state parameters are shown on Figure E4-5
together with the state parameter derived from the CPT, screened to remove sandy layers.

The range of insitu 1 estimated from the tube samples generally straddles the profile of i
computed from the CPT and provides a first-order validation of the insitu state parameter.
However, as there are uncertainties in each method of estimating 1, the analysis presented here

is in the nature of an ‘engineering check’ rather than a formal validation.
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Figure E4-5: Comparison of 1 determined from CPT N04 and undisturbed samples
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Annexure EA
Figures

Figure E1 Location of CPTu
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PLASTICITY CHART
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LIQUID LIMIT (%)

HOLE | SAMPLE |DEPTH(m)| W, | Wp

Pl

%FINES| REMARKS/SAMPLE DESCRIPTION

Tailing 0.0 21 15

62.6

» Klohn Crippen Berger

PROJECT NO.: A0O3353A01

PROJECT: NWM CVO NTSF

LOCATION: Australia

FIGURE:

DRAWN BY: CM CHECKED BY: JG




KCB_GRAIN_SIZE-SI GINT TEMPLATE.GPJ SIEVE.GDT 18-1-19

GRAIN SIZE DISTRIBUTION

COBBLES

GRAVEL

SAND

coarse

fine

coarse | medium |

fine

SILT OR CLAY

SIEVE OPENINGS IN INCHES

U.S. SIEVE NUMBERS

6 3 15 314 38 4 10 20 40 60 100 200
100 T | | | | * ul T T
90 \\
80 \Q\
70
'_
5
Y 60 A
>
o
f 50
zZ
z 4
=
i} 40
2 ™
o
30 \.\.\
L
N,
20 =
10 e
0
100 10 1 0.1 0.01 0.001
GRAIN SIZE(mm)

HOLE DEPTH (m)| D85 D60 D30 D10 cc CU |%GRAVEL| %SAND | %FINES
@ | Tailing 0.0 0.171 0.068 0.014 0.0 374 62.6
HOLE SAMPLE | DEPTH(m) | W% w, W PI REMARKS / SAMPLE DESCRIPTION

@ | Tailing 0.0 21 15 6

CU = COEFFICIENT OF UNIFORMITY = D60/D10

PARTICLE SIZES, e.g. D85, in mm

Tested by Wet Sieving Method (ASTM D6913 & ISO/TS 17892-4)

) Klohn Crippen Berger

PROJECT NO.: A0O3353A01

PROJECT: NWM CVO NTSF

LOCATION: Australia

FIGURE:

DRAWN BY: CM

CHECKED BY: JG




SPECIFIC GRAVITY OF SOIL SOLIDS (ASTM-D854)

Hole Number Tailing
Sample Number
Depth (m)
Sample Description
Flask No. SG9
Volume of Flask @ 20° C ml 500
Method of Air removal Boil
De-airing Period hr 2
Test temperature °C 26.4
Mass of Flask+Water (M,) g 667.42
Mass of Flask+Water+Soil (M,) g 729.64
Mass of Dish/Flask+Soil 267.84
Mass of Dish/Flask 169.68
Mass of Dry Soil (M,) g 98.16
Correction factor (K) @ Test Temperature 0.99847
Specific Gravity of Solids @ 20° C 2.727
2.73

Average Specific Gravity of Solids @ 20°C

Hole Number

Sample Number

Depth (m)

Sample Description

Flask No.

Volume of Flask @ 20° C mi
Method of Air removal

De-airing Period hr
Test temperature °C
Mass of Flask+Water (M,) g

Mass of Flask+Water+Soil (M,) g

Mass of Dish/Flask+Soil

Mass of Dish/Flask

Mass of Dry Soil (M,) g

Correction factor (K) @ Test Temperature

Specific Gravity of Solids @ 20° C

Average Specific Gravity of Solids @ 20°C

Specific Gravity of Solids @ 20° C = (K x My)/(M, + M, - M,)

O

Klohn Crippen Berger

PROJECT#:

A03353A01

PROJECT:

NWM CVO NTSF

LOCATION:

Australia

DATE:

2019-01-04

TESTED BY

CM

[CHECKED BY: |JG




Brisbane Perth

346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park
QLD 4034 WA 6107

Soil Rock Calibration Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

ATTERBERG LIMITS TEST REPORT

Test Method: AS 12892.1.1,3.1.1,3.1.2,3.2.1,3.3.1,34.1

Client Hatch Pty Ltd Report No. 18080165-AL
Workorder No. 0004644
Address PO Box 425 SPRING HILL QLD 4004 Report Date 28/08/2018
Project H356804 - Cadia NTSF Failure
Sample No. 18080165 18080172 18080180 18080182 18080183
Test Date 20/08/2018 | 20/08/2018 | 20/08/2018 | 23/08/2018 | 23/08/2018
Client ID CE408 - CE407 - CEA407 - CE413 - CEA406 -
DH401 DH402 DH402 DH404 DH410
Depth (m) 16.00 23.00 30.50 53.50-53.80 | 18.40-18.50
L Not
0,
Liquid Limit (%) 22 20 Obtainable 39 71
Plastic Limit (%) 17 15 Not 15 24
Obtainable
Plasticity Index (%) 5 5 Non Plastic 24 47
Linear Shrinkage (%) 20* 20 Not 125+ 19.0 +
’ ’ Obtainable ' '
Moisture Content (%) 21.5 18.6 15.6 20.1 27.5
Sample No.
Test Date
Client ID
Depth (m)
Liquid Limit (%)
Plastic Limit (%)
Plasticity Index (%)
Linear Shrinkage (%)
Moisture Content (%)
NOTES/REMARKS: The samples were tested air dried, dry sieved and in a 125-250mm mould.
Sample/s supplied by the client * Cracking occurred + Curling occurred Page10of1 REP00102
Accredited for compliance with ISO/IEC 17025 - Testing. ) )
The results of the tests, calibrations, and/or measurements included in Amho”sed Signatory NATA
this document are traceable to Australian/National Standards. J M 4 - i \/

i FedameAL
[ i hannon COMPETENCE
Tested at Trilab Brisbane Laboratory. c.c

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd  ABN 25 065 630 506
ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




Brisbane Perth

346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park
QLD 4034 WA 6107

Soil Rock Calibration Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

ATTERBERG LIMITS TEST REPORT

Test Method: AS 12892.1.1,3.1.1,3.1.2,3.2.1,3.3.1,34.1

Client Hatch Pty Ltd Report No. 18080185-AL
Workorder No. 0004644
Address PO Box 425 SPRING HILL QLD 4004 Report Date 28/08/2018
Project H356804 - Cadia NTSF Failure
Sample No. 18080185 18080187 18080189 18080192 18080196 18080197
Test Date 20/08/2018 | 20/08/2018 | 21/08/2018 | 21/08/2018 | 23/08/2018 | 20/08/2018
Client ID CE408 - CE408 - CEA407 - CE413 - CE407 - CE412 -
DH401 - PS1|DH401 - PS3|DH402 - PS1|DH404 - PS2|DH402 - PT3|DH405 - PT2
Depth (m) 11.00-11.50 | 25.00-25.45 | 12.00-12.45 | 25.95-26.40 | 51.00-51.50 | 39.50-39.72
L Not
0,
Liquid Limit (%) 21 Obtainable 21 18 51 81
Plastic Limit (%) 17 Not 17 16 19 37
Obtainable
Plasticity Index (%) 4 Non Plastic 4 2 32 44
Linear Shrinkage (%) 1.0~ Not 1.0~ 05* 15.0 + 17.5 +
’ Obtainable ’ ’ ' ’
Moisture Content (%) 20.2 17.8 23.1 21.6 23.2 48.5
Sample No.
Test Date
Client ID
Depth (m)
Liquid Limit (%)
Plastic Limit (%)
Plasticity Index (%)
Linear Shrinkage (%)
Moisture Content (%)
NOTES/REMARKS: The samples were tested air dried, dry sieved and in a 125-250mm mould.
Sample/s supplied by the client * Cracking occurred + Curling occurred Page10of1 REP00102
Accredited for compliance with ISO/IEC 17025 - Testing. ) )
The results of the tests, calibrations, and/or measurements included in Amho”sed Signatory NATA
this document are traceable to Australian/National Standards. J M 4 - i \/

i FedameAL
[ i hannon COMPETENCE
Tested at Trilab Brisbane Laboratory. c.c

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd  ABN 25 065 630 506
ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




. . . QLD 4034 WA 6107
Soil Rock Calibration Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

Brisbane Perth
346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

PARTICLE SIZE DISTRIBUTION TEST REPORT

Test Method: AS 1289 3.6.3,3.5.1& 2.1.1

Client Hatch Pty Ltd Report No. 18110735-G
Workorder No. 0005180
Address PO Box 425 SPRING HILL QLD 4004 Test Date 25/11/18-29/11/18
Report Date 29/11/2018
Project Cadia NTSF Failure
Client ID CE408/DH401 Depth (m) 24.30
Sieve Size [Passing
(mm) % 100 P
150.0
75.0
63.0 %
53.0
375 8
26.5
19.0
13.2 20
9.5
6.7
4.75 60
2.36 S
1.18 S
0.600 100 2 5
0425 9 *
0.300 97
0.150 80 40
0.075 59
0.054 46
0.046 42 30
0.033 37
0.023 32
0.017 27 20
0.013 22
0.0092 18
0.0066 15 10 =
0.0047 11 //
0.0039 10
0.0034 9 %001 0.01 0.1 1
0.0028 8 Particle Size (mm)
0.0024 6
0.0014 4
NOTES/REMARKS: -
Moisture Content 19.9% -2.36mm Soil Particle Density(t/m3) 2.70
Sample/s supplied by the client Page 10of1 REP03904

Accredited for compliance with ISO/IEC 17025 - Testing. Authorised Signato
The results of the tests, calibrations, and/or measurements included in gnatory NATA

this document are traceable to Australian/National Standards. Q}A N

TECHNICAL
Tested at Trilab Brisbane Laboratory. C.Park

COMPETENGE

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd ~ ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




\ Yol

Brisbane Perth

346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

QLD 4034 WA 6107

Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

PARTICLE SIZE DISTRIBUTION TEST REPORT

Test Method: AS 1289 3.6.3,3.5.1& 2.1.1

Sample/s supplied by the client

Client Hatch Pty Ltd Report No. 18110738-G
Workorder No. 0005180
Address PO Box 425 SPRING HILL QLD 4004 Test Date 21/11/18-29/11/18
Report Date 29/11/2018
Project Cadia NTSF Failure
Client ID CE408/DH401 Depth (m) 54.47
Sieve Size [Passing
100
(mm) % P
150.0
75.0
90
63.0
53.0
375
80
26.5
19.0
13.2 20
9.5
6.7
4.75 60
2.36 <
1.18 S
0.600 100 2 s
o
0.425 98
0.300 95
0.150 77 40
0.075 56
0.064 49
0.046 44 30
0.033 38
0.024 33
0.018 27 20
0.013 23 Pg
0.0093 20 /1
0.0067 16 10
0.0047 14 //
0.0039 11
0
0.0034 9 0.001 0.01 0.1 1
0.0028 8 ) .
Particle Size (mm)
0.0024 7
0.0014 5
NOTES/REMARKS: -
Moisture Content 21.1% -2.36mm Soil Particle Density(t/m3) 2.67

Page 10of 1 REP03904

Accredited for compliance with ISO/IEC 17025 - Testing.
The results of the tests, calibrations, and/or measurements included in
this document are traceable to Australian/National Standards.

Tested at Trilab Brisbane Laboratory.

Authorised Signatory

o

C.Park

NATA

TECHNICAL
COMPETENCE

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd ~ ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




. . . QLD 4034 WA 6107
Soil Rock Calibration Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

Brisbane Perth
346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

PARTICLE SIZE DISTRIBUTION TEST REPORT

Test Method: AS 1289 3.6.3,3.5.1& 2.1.1

Client Hatch Pty Ltd Report No. 18120386-G
Workorder No. 0005297
Address PO Box 425 SPRING HILL QLD 4004 Test Date 12/12/18-18/12/18
Report Date 18/12/2018
Project H356804 Cadia NTSF Failure
Client ID Tailings TS1 Depth (m) Not Supplied
Sieve Size [Passing
(mm) % 100 =
150.0
75.0
63.0 %
53.0
375 8
26.5
19.0
13.2 20
9.5
6.7
4.75 60
2.36 S
1.18 S
0.600 100 2 5
0425 9 *
0.300 96
0.150 78 40
0.075 58
0.064 51
0.047 41 30
0.033 34
0.024 27
0.018 23 20
0.013 18
0.0094 15
0.0067 11 10 =
0.0048 10 /_/r
0.0039 8 -
0.0034 8 %001 0.01 0.1 1
0.0028 5 Particle Size (mm)
0.0024 5
0.0014 3
NOTES/REMARKS: -
Moisture Content 17.5% -2.36mm Soil Particle Density(t/m3) 2.67
Sample/s supplied by the client Page10f1 REP03904

Accredited for compliance with ISO/IEC 17025 - Testing. Authorised Signato
The results of the tests, calibrations, and/or measurements included in gnatory NATA

this document are traceable to Australian/National Standards. Q}A N

TECHNICAL
Tested at Trilab Brisbane Laboratory. C.Park

COMPETENGE

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd ~ ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




. . . QLD 4034 WA 6107
Soil Rock Calibration Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

Brisbane Perth
346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

PARTICLE SIZE DISTRIBUTION TEST REPORT

Test Method: AS 1289 3.6.3,3.5.1& 2.1.1

Client Hatch Pty Ltd Report No. 18120520-G
Workorder No. 0005334
Address PO Box 425 SPRING HILL QLD 4004 Test Date 18/12/18-4/1/19
Report Date 4/1/2019
Project H356804 - Cadia NTSF Failure
Client ID CE413-TC2 Depth (m) 15.00-16.50
Sieve Size [Passing
(mm) % 100 =
150.0
75.0
63.0 %
53.0
375 8
26.5
19.0
13.2 20
9.5
6.7 //
475 60
2.36 S
1.18 S
0.600 100 2 5
0425 % *
0.300 96 /
0.150 84 40 7
0.075 65
0.064 64
0.046 56 30
0.033 51
0.024 43
0.017 41 20
0.013 3 ]
0.0092 32
0.0066 27 10
0.0048 23
0.0039 21
0.0034 19 %001 0.01 0.1 1
0.0028 19 Particle Size (mm)
0.0024 19
0.0014 16
NOTES/REMARKS: -
Moisture Content 20% -2.36mm Soil Particle Density(t/m3) 2.65
Sample/s supplied by the client Page 10of1 REP03904
Accredited for comp!iange with ISO/IEC 17025 - Testling. . Authorised Signatory
The results of the tests, calibrations, and/or measurements included in k NATA
this document are traceable to Australian/National Standards. J %B:_? \/
Tested at Trilab Brisbane Laboratory. C. Channon o

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd ~ ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




. . . QLD 4034 WA 6107
Soil Rock Calibration Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

Brisbane Perth
346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

PARTICLE SIZE DISTRIBUTION TEST REPORT

Test Method: AS 1289 3.6.3,3.5.1& 2.1.1

Client Hatch Pty Ltd Report No. 18120521-G
Workorder No. 0005334
Address PO Box 425 SPRING HILL QLD 4004 Test Date 158/12/18-4/1/19
Report Date 4/1/2019
Project H356804 - Cadia NTSF Failure
Client ID CE413-TC3 Depth (m) 27.00-28.50
Sieve Size [Passing
(mm) % 100 >
150.0
75.0
90
63.0
53.0
375
80
26.5
19.0
13.2 20
9.5
6.7
4.75 60
2.36 <
1.18 S
0.600 2 s
a
0.425 100
0.300 98
0.150 85 40
0.075 63
0.062 61 /
0.045 53 30
0.032 46
0.023 39
0.017 34 20
0.013 32 /
/_/
0.009 28 ]
0.0065 24 10
0.0046 20
0.0038 18
0
0.0033 16 0.001 0.01 0.1 1
0.0027 15 . )
Particle Size (mm)
0.0024 15
0.0014 13
NOTES/REMARKS: -
Moisture Content 19.2% -2.36mm Soil Particle Density(t/m3) 2.73
Sample/s supplied by the client Page10f1 REP03904

Accredited for compliance with ISO/IEC 17025 - Testing.

Lo ) ) Authorised Si
The results of the tests, calibrations, and/or measurements included in ut Z ‘gnatory I{A;-\
this document are traceable to Australian/National Standards. 7 'q
£, = cgm
C. Chan non COMPETENCE

Tested at Trilab Brisbane Laboratory.
Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd ~ ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




Brisbane Perth

346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park
QLD 4034 WA 6107

Soil Rock Calibration Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

MOISTURE CONTENT TEST REPORT

Test Method: AS 1289 2.1.1

Client Hatch Pty Ltd Report No. 18080164-MC
Workorder No. 0004644
Address PO Box 425 SPRING HILL QLD 4004 Report Date 22/08/2018
Project H356804 - Cadia NTSF Failure
Sample No. 18080164 18080166 18080168 18080169 18080170 18080171 18080173
Test Date 13/08/2018 | 13/08/2018 | 13/08/2018 | 13/08/2018 | 13/08/2018 | 13/08/2018 | 13/08/2018
Client ID CE408 - CE408 - CE407 - CE407 - CE407 - CE407 - CE407 -
DH401 DH401 DH402 DH402 DH402 DH402 DH402
Depth (m) 15.50 17.20 21.50 21.70 22.00 22.20 23.50
Moisture 19.5 205 16.7 25.7 17.9 22.0 18.6
Content (%) ’ ’ ’ ' ' ' '
Sample No. 18080174 18080176 18080177 18080178 18080179 18080181
Test Date 13/08/2018 | 13/08/2018 | 13/08/2018 | 13/08/2018 | 13/08/2018 | 13/08/2018
Client ID CE407 - CE407 - CE407 - CE407 - CE407 - CE407 -
DH402 DH402 DH402 DH402 DH402 DH402
Depth (m) 24.50 26.00 26.50 29.30 29.80 31.10
Moisture
Content (%) 21.1 17.6 21.0 21.7 18.6 17.2
Sample No.
Test Date
Client ID
Depth (m)
Moisture
Content (%)
NOTES/REMARKS:
Sample/s supplied by the client Page1of1  REP01202
Accredited for compliance with ISO/IEC 17025 - Testing. Authorised Signatory NAATA
The results of the tests, calibrations, and/or measurements included in - P
this document are traceable to Australian/National Standards. J %m: \/

TECHNICAL
. . C. Channon COMPETENCE
Tested at Trilab Brisbane Laboratory.

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd  ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




\

Soil Rock

iigil=il

Calibration

Brisbane
346A Bilsen Road,
Geebung

QLD 4034

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,

Queens Park
WA 6107

Ph: +61 8 9258 8323

MOISTURE CONTENT TEST REPORT

Test Method: AS 1289 2.1.1

Tested at Trilab Brisbane Laboratory.

C. Channon

Client Hatch Pty Ltd Report No. 18110734-MC
Workorder No. 0005180

Address PO Box 425 SPRING HILL QLD 4004 Report Date 03/12/2018
Project Cadia NTSF Failure

Sample No. 18110734 18110735 18110736 18110737 18110738 18110739 18110740

Test Date

Client ID CE408/DH40| CE408/DH40 [ CE408/DH40 | CE408/DH40| CE408/DH40 [ CE408/DH40 | CE408/DH40

1 1 1 1 1 1 1

Depth (m) 24.40 24.30 24.20 54.54 54.47 54.39 54.30

Moisture 22.0 19.9 19.8 20.8 21.1 20.9 18.4

Content (%) ’ ’ ’ ' ' ' '

Sample No.

Test Date

Client ID

Depth (m)

Moisture

Content (%)

Sample No.

Test Date

Client ID

Depth (m)

Moisture

Content (%)

NOTES/REMARKS:
Sample/s supplied by the client Page1of1  REP01202
Accredited for compliance with ISO/IEC 17025 - Testing. Authorised Signatory NAATA
The results of the tests, calibrations, and/or measurements included in - P
this document are traceable to Australian/National Standards. J %;E.:—:: \/

AGGREDITEG FOF
TECHNICAL
COMPETENGE

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

Trilab Pty Ltd

ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING
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igii=ilo

Saoill Rock Calibration

Brisbane Perth

346A Bilsen Road, 2 Kimmer Place,
Geebung Queens Park

QLD 4034 WA 6107

Ph: +61 7 3265 5656 Ph: +61 8 9258 8323

SOIL PARTICLE DENSITY TEST REPORT

Test Method: AS 1289 3.5.1

Client Hatch Pty Ltd Report No. 18080190-SG
Workorder No. 0004644

Address PO Box 425 SPRING HILL QLD 4004 Report Date 22/08/2018
Project H356804 - Cadia NTSF Failure

Sample No. 18080190 18080191 18080193

Test Date 16/08/2018 | 16/08/2018 | 20/08/2018

Client ID CEA407 - CE413 - CE413 -

€ DH402 - PS2| DH404 - PS1|DH404 - PS3 . ) ) )

Depth (m) 21.00-21.50 | 13.80-14.25 | 34.00-34.45 - - - -

Soil Particle

Density (t/m3) 2.77 2.70 2.65

(-2.36mm)

Soil Particle

Density (t/m?3) - - -

(+2.36mm)

Total Soil Particle 277 27 265

Density (t/m?3)

Sample No.

Test Date

Client ID

Depth (m)

Soil Particle
Density (t/m?3)
(-2.36mm)

Soil Particle
Density (t/m?3)
(+2.36mm)

Total Soil Particle
Density (t/m?3)

NOTES/REMARKS:

Sample/s supplied by the client

Page1of1  REP04603

Accredited for compliance with ISO/IEC 17025 - Testing.
The results of the tests, calibrations, and/or measurements included in this
document are traceable to Australian/National Standards.

Tested at Trilab Brisbane Laboratory.

Authorised Signatory

C. Channon

\

NATA

AGGREDITED FOR
TEGHNICAL
GOMPETENGE

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.
Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd  ABN 25 065 630 506

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING
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Soil Rock Calibratio

Geebung

Brisbane
346A Bilsen Road,

QLD 4034

n

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,
Queens Park

WA 6107

Ph: +61 8 9258 8323

UNIT WEIGHT TEST REPORT

Test Method: AS 1289 6.4.1

Tested at Trilab Brisbane Laboratory.

C.Park

Client Hatch Pty Ltd Report No. 18080190-UW
Workorder No. 0004644

Address PO Box 425 SPRING HILL QLD 4004 Report Date 14/08/2018
Project H356804 - Cadia NTSF Failure

Sample No. 18080190 18080191 18080193 18080197 - - -

Test Date 10/08/2018 | 10/08/2018 | 10/08/2018 | 10/08/2018 - - -

Client ID CE407 - CE413 - CE413 - CE412 - ) ) )

DH402 - PS2(DH404 - PS1|DH404 - PS3|DH405 - PT2

Depth (m) 21.00-21.50 | 13.80-14.25 | 34.00-34.45 | 39.50-39.72 - - -

Moisture (%) 17.8 21.3 23.2 48.5 - - -

Wet Density

(t/m?) 2.11 1.95 1.95 1.70 - - -

Dry Density

(tm?) 1.79 1.61 1.59 1.14 - - -

Sample No. - - - - - - -

Test Date - - - - - - -

Client ID - - - - - - -

Depth (m) - - - - - - -

Moisture (%) - - - - - - -

Wet Density i ) ) ) ) i i

(t/m3)

Dry Density i ) ) ) ) i i

(t/m3)

NOTES/REMARKS:
Sample/s supplied by the client Page10of1 REP02802
Accredited for compliance with ISO/IEC 17025 - Testing. Authorised Signatory A
The results of the tests, calibrations, and/or measurements included in NATA
this document are traceable to Australian/National Standards. M N

ACGREDITED FOR
TECHNICAL
COMPETENCE

Laboratory No. 9926

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

Trilab Pty Ltd ~ ABN

25 065 630 506

Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING




Newcrest ITRB Report on NTSF Embankment Failure Cadia Valley Operations

Annexure EC
X Ray Diffraction (XRD) Analysis

H356804-00000-22A-230-0001 APPE



37 Kensington Street
East Perth
WA 6004

Microanalysis

australia

Client: Golder Associates Pty Ltd

Job number: 18 1340

Sample: 18 1340_03

Client ID: HA401 0-2m

Date: 21-08-18

Analysis : Semi-quantitative XRD analysis

Sample preparation

The sample was supplied by the client to Microanalysis Australia on 13th August 2018 for the above mentioned analyses. A representative
sub —sample was removed and lightly ground such that 90% was passing 20 um. Grinding to this size helps eliminate preferred orientation.

Analysis

Only crystalline material present in the sample will give peaks in the XRD scan. Amorphous (non crystalline) material will add to the
background. The search match software used was Eva 4.3. An up-to-date ICDD card set was used. The X-ray source was cobalt radiation.

No standards were used in the quantification process. The concentrations were calculated using the peak area integration method where
the area of the 100% peak for each mineral phase is summed and the relative percentages of each phase calculated based on the relative
contribution to the sum. This method allows for some attention to be paid to preferred orientation but is limited in considering
substitution and lattice strain.

Summary
The phases are listed in order of interpreted concentration:

Mineral phase Concentration (%) IcDD m??Ch
probability

Albite (Na0.986AI11.005Si2.99508) 34 medium
Quartz, syn (Si02) 21 good
Clinochlore-1Mllb, ferroan ((Mg,Fe)6(Si,Al)4010(0OH)8) 18 good
Microcline, sodian (K0.88Na0.12AISi308) 15 medium
Illite (K0.78Mg0.18Ti0.01AI2.46Si3.36010(0H)2) medium
Calcite (Ca(CO3)) 3 good
amphibole group, syn | Sodium Calcium Magnesium
Aluminum Scandium Silicon Oxide Fluoride 2 medium
(Na1.97Ca0.98Mg4.145c0.86A10.79Si7.21022F2)
Magnetite, syn (Fe+2Fe2+304) 1 medium
Gypsum, syn (Ca(SO4)(H20)2) trace low
Pyrite, syn (FeS2) trace low
Bohmite, syn (AIO(OH)) trace low

The ICDD match probability is reported as an indication as to how well the peak positions and relative intensities for the sample matched
those in the published literature (www.icdd.org) for that particular compound.

P
EE
8__ 1 18_1340_03.raw (Displacement)
v 7] 1 PDF 00-046-1045 SiO2 Quartz, syn
J 1 PDF 01-072-8434 Na0.986A11.005Si2.99508 Albite
] PDF 04-011-0526 K0.88Mla0. 12A1Si308 Microcline, sodian
S 1 | PDF 00-029-0701 (Mg,F§)6(Si,Al)4010(OH)8 Clinochlore-1Milb, ferroan
S | 1 PDF 04-017-0523 K0.788190.18Ti0.01AI2.46Si3.36010(OH)2 lllite
~ PDF 04-015-3129 Na1.9fCa0.98Mg4.14Sc0.86A10.79Si7.21022F2 amphibole group, syn | Sodium Calcium Magnesium Aluminum Scandium Silicon Oxide Fluoride
3 1 PDF 00-019-0629 F 304 syn
] PDF 04-012-0489 Ca(CQ3) Calcite
S 1 | PDF 04-010-9409 Ca(SG4)(#20)2 Gypsum, syn
i) S PDF 04-003-1989 FeS2 Pyrife, syn
c gl PDF 04-013-2972 AIO(OH) Bohmite, syn
>
Q 7
(@] o ]
g1
S
o
o~
o ] l
81
84
87
; l LMAAIJE&LLL&&LM% .L.,A,JL | -
E| L) J Ll 3 3 J h - < e .
° T T T L e B L L L L L B L B
10 20 30 40 50 60 70 80
2Theta (Coupled TwoTheta/Theta) WL=1.78901
Analyst: Owen Carpenter, B.Sc.(Physics)
Reported: Owen Carpenter, B.Sc.(Physics)
Approved: lan Davies, B.Sc.(Chemistry)

_ Be Confident We See More

Page 1of 1 Version 3.1 www.microanalysis.com.au
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Client:

Microanalysis

Job number:

Sample:
Client ID:
Date:
Analysis :

australia

Golder Associates Pty Ltd
18_1340

18_1340_02

TC1

21-08-18

Semi-quantitative XRD analysis

Sample preparation

37 Kensington Street
East Perth
WA 6004

The sample was supplied by the client to Microanalysis Australia on 13th August 2018 for the above mentioned analyses. A representative
sub —sample was removed and lightly ground such that 90% was passing 20 um. Grinding to this size helps eliminate preferred orientation.

Analysis

Only crystalline material present in the sample will give peaks in the XRD scan. Amorphous (non crystalline) material will add to the
background. The search match software used was Eva 4.3. An up-to-date ICDD card set was used. The X-ray source was cobalt radiation.

No standards were used in the quantification process. The concentrations were calculated using the peak area integration method where
the area of the 100% peak for each mineral phase is summed and the relative percentages of each phase calculated based on the relative
contribution to the sum. This method allows for some attention to be paid to preferred orientation but is limited in considering substitution
and lattice strain.

Summary

The phases are listed in order of interpreted concentration:

Mineral phase Concentration (%) 1cDD m?t_Ch
probability

Albite (Na0.98Ca0.02AI1.02Si2.9808) 46 medium
Quartz, syn (Si02) 19 good
Microcline (K0.964Na0.036AISi308) 14 medium
Clinochlore-1Mllb, ferroan ((Mg,Fe)6(Si,Al)4010(0OH)8) 9 good
amphibole group, syn | Sodium Calcium Magnesium
Aluminum Scandium Silicon Oxide Fluoride 4 medium
(Nal1.97Ca0.98Mg4.145¢0.86A10.79Si7.21022F2)
Calcite, syn (Ca(CO3)) 3 good
Magnetite, syn (Fe+2Fe2+304) 2 good
Illite (K0.84Na0.01Ca0.02Mg0.13A12.63Si3.24010(0H)2) 2 medium
Gypsum, syn (Ca(SO4)(H20)2) 1 low
Pyrite, syn (FeS2) trace low

The ICDD match probability is reported as an indication as to how well the peak positions and relative intensities for the sample matched

those in the published literature (www.icdd.org) for that particular compound.

] 1 18_1340_02.raw (ActionToolScanStripKa2) (Displacement)
8 ] I PDF 00-046-1045 SiO2 Quaytz, syn
8—_ 1 PDF 04-016-1525 K0.964NaD.036AISi308 Microcline
< 4 PDF 04-017-1022 Na0.98Cap.02AI11.028i2.9808 Albite
! I PDF 00-029-0701 (Mg, F&)6(Bi, Al)4010(OH)8 Clinochlore-1MIlb, ferroan
] 1 PDF 04-007-8659 Ca(C@3) Calcite, syn
1 PDF 04-003-1989 FeS2 Pyrife, syn
8 ] I PDF 04-017-0518 K0.84fa0f01Ca0.02Mg0. 13A12.63Si3.24010(OH)2 Illite
S PDF 00-019-0629 Fe+2Re24304 Magnetite, syn
© A | PDF 04-010-9409 Ca(SQ4)(H20)2 Gypsum, syn
i2) 3 PDF 04-015-3129 Na1.9fCalD.98Mg4.14S5c0.86A10.79Si7.21022F2 amphibole group, syn | Sodium Calcium Magnesium Aluminum Scandium Silicon Oxide Fluoride
2 2]
o ISl
IS
« g
g ] ‘
81
pSg|
2 ]
_; J | Ji LL'f ! ok JA )\
I B § A A U | VY, . i (NP RPN . | LR e s I\ "
L o s s L Ly L L B L e e T T
10 20 30 40 50 60 70 80
2Theta (Coupled TwoTheta/Theta) WL=1.78901
Analyst: Owen Carpenter, B.Sc.(Physics)
Reported: Owen Carpenter, B.Sc.(Physics)
Approved: lan Davies, B.Sc.(Chemistry)

I G- Confident We See More Page 1of 1

Version 3.1

www.microanalysis.com.au



Newcrest ITRB Report on NTSF Embankment Failure Cadia Valley Operations

Annexure ED
Scanning Electron Microscopy (SEM)

H356804-00000-22A-230-0001 APPE



. microanalysis e perh
o australia Ao
Client: Golder Associates Pty Ltd

Job number: 18 1340

Sample: 18 1340 03

Client ID: HA401 0-2m

Date: 20/08/2018

Analysis: Scanning electron microscopy (SEM) with elemental analysis by energy

dispersive spectroscopy (EDS)

Sample preparation
The sample was supplied to Microanalysis Australia as solid particulate matter.

A sub-sample was removed and placed on top of a double sided carbon tab before being carbon coated.
Non-conducting samples require coating prior to SEM analysis to prevent charging whilst being analysed by
the electron beam.

Analysis
The sample was analysed using a Carl Zeiss EVO50 scanning electron microscope (SEM) fitted with an
Oxford INCA X-Max energy dispersive spectrometer (EDS).

EDS is a semi-quantitative technique (at best) on well prepared, optically flat samples. Factors such as
sample unevenness may adversely bias elemental concentration interpretation. EDS has a spatial resolution
of ~5 um meaning spectra from particles less than this size may contain elemental concentrations biased by

their surroundings.

No calibration standards (standardless quant) were used in the EDS detector standardization prior to
analysis.

Summary

All images were acquired using backscatter electrons. Image contrast is directly proportional to average
atomic number i.e. the brighter the area, the higher the atomic number.

Analyst: Greta Brodie, B.Sc. (Applied Chemistry)

Reported: Greta Brodie, B.Sc. (Applied Chemistry)

Approved: Nimue Pendragon, B.Sc.(Nanotechnology)



Sample: 18 1340 03
Type: Default
ID: HA401 0-2m

Project: 18 1340
Owner: lab
Site: Site of Interest 1

500um

Electron Image 1

microanalysis
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Sample: 18 1340 03
Type: Default
ID: HA401 0-2m

Project: 18 1340
Owner: lab
Site: Site of Interest 2

Electron Image 1
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Sample: 18 1340 03 Project: 18 1340
Type: Default Owner: lab
ID: HA401 0-2m Site: Site of Interest 3

' microanalysis
I 100“m I EIeCtrOn Image 1 i australia



Sample: 18 1340 03 Project: 18 1340
Type: Default Owner: lab
ID: HA401 0-2m Site: Site of Interest 4
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Sample: 18 1340 03
Type: Default
ID: HA401 0-2m

Project: 18 1340
Owner: lab
Site: Site of Interest 5

1mm

Electron Image 1
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Client: Golder Associates Pty Ltd

Job number: 18 1340

Sample: 18 1340 02

Client ID: TC1

Date: 20/08/2018

Analysis: Scanning electron microscopy (SEM) with elemental analysis by energy

dispersive spectroscopy (EDS)

Sample preparation
The sample was supplied to Microanalysis Australia as solid particulate matter.

A sub-sample was removed and placed on top of a double sided carbon tab before being carbon coated.
Non-conducting samples require coating prior to SEM analysis to prevent charging whilst being analysed by
the electron beam.

Analysis
The sample was analysed using a Carl Zeiss EVO50 scanning electron microscope (SEM) fitted with an
Oxford INCA X-Max energy dispersive spectrometer (EDS).

EDS is a semi-quantitative technique (at best) on well prepared, optically flat samples. Factors such as
sample unevenness may adversely bias elemental concentration interpretation. EDS has a spatial resolution
of ~5 um meaning spectra from particles less than this size may contain elemental concentrations biased by
their surroundings.

No calibration standards (standardless quant) were used in the EDS detector standardization prior to
analysis.

Summary
All images were acquired using backscatter electrons. Image contrast is directly proportional to average
atomic number i.e. the brighter the area, the higher the atomic number.

Analyst: Greta Brodie, B.Sc. (Applied Chemistry)
Reported: Greta Brodie, B.Sc. (Applied Chemistry)
Approved: Nimue Pendragon, B.Sc.(Nanotechnology)

_ Be Confident We See More www.microanalysis.com.au

Page 1 of 6



Sample: 18 1340 02
Type: Default
ID: TC1

Project: 18 1340
Owner: lab
Site: Site of Interest 1
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Sample: 18 1340 02 Project: 18 1340
Type: Default Owner: lab
ID: TC1 Site: Site of Interest 2

! microanalysis
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Sample: 18 1340 02 Project: 18 1340
Type: Default Owner: lab
ID: TC1 Site: Site of Interest 3

"‘ microanalysis

ausiralia

Be Con 200um ' Electron Image 1
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Sample: 18 1340 02
Type: Default
ID: TC1

Project: 18 1340
Owner: lab
Site: Site of Interest 4

90um

Electron Image 1
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Sample: 18 1340 02
Type: Default
ID: TC1

Project: 18 1340
Owner: lab
Site: Site of Interest 5
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Annexure EE
HA 401 - CSL Test Certificates

H356804-00000-22A-230-0001 APPE



HA401

Golder (Perth) Testing
As tested initial

At max dilation (=Dmin)

Test ID pO e0 psiO Dmin eta_max psi
RunOut_sa4-CID 300.9 0.510 0.055 0.000 0.545 0.045
RunOut_sa5-CID 801.7 0.460 0.054 0.000 0.517 0.048
RunOut_sa6-CID 50.7 0.400 -0.144 -0.440 1.870 -0.100
RunOut_sa7-CID 101.2 0.390 -0.119 -0.280 1.754 -0.094
RunOut_sa8-CID 800.9 0.330 -0.076 -0.153 1.631 -0.048
As tested initial at critical state
pO e0 psiO pc ec
RunOut_sal-ClU 50.1 0.630 0.085 10 0.630
RunOut_sa2-ClU 101.0 0.576 0.066 22 0.576
RunOut_sa3-ClU 501.6 0.486 0.057 202 0.486
Trilab (Brisbane) Testing
As tested initial
Test ID pO e0
18110416-CID 198.2 0.499 Mtc 1.50
As tested initial N 0.23
s tested initia
tc
00 0 X 4.6
18080184A-CIU 99.3 0.550
18080184B-CIU 250.3 0.522
18100437-CIU 49.6 0.586
18100438-CIU 498.3 0.463
0.9
0.8 -
0.7
0.6
. 1
.‘—
._—
‘”n 0.5 - P
(=)
= ™
14 04 ~—-_é 5 \
=
o -3
= 03
0.2 - .
Golder (Perth) Golder Testing CSL
a 1.400
0.1 - —— Trilab (Brisbane) b 0.885
® (Critical State [ 0.053
0.0 EEE L
1 10 100 1000 10000
Mean Effective Stress, p': kPa
Job number H356804 . . Newcrest
| NTSF Failure Review
Ref NTSF
By TMY | IAG | 19-Mar-19 Tailings Critical State
Revision A 19-Mar-19 Properties Summary Figure 1

HA401 | 19-03-19 1:34 PM | P:\NEWCREST\356804\SPECIALIST_APPS\Laboratory\Hatch Analysis\CSL\Sample Properties Summary.xIsx




Triaxial Test Report

Isotropically Consolidated Undrained (CIU)

b GOLDER

Perth Laboratory
84 Guthrie Street, Osborne Park

Client: Hatch Date: 23/06/2018

Address: 61 Petrie Terrace, Brisbane Project No.: 18101980

Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m

Location: Cadia Mine Test ID: 18003 - sa-1 CIU very loose 50kPa
Initial Height (mm): 144.1 [Final Liquor Content (%): 23.2% (Strain Rate (mm/min): 0.03
Initial Diameter (mm): 62.6 |Final Dry Density (t/m®): 1.67 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.63 |Mean Effective Consolidation Stress (kPa): 50
Initial Dry Density (m®): 1.23 [Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.98

!
neg - @i

18003 - HA QO

® Sa-\- Qv -50kR
\1019 \oose

|

18003 - HAGO
. Sa— | - C1W -~ 50k}

'vctj loose

Sample Before Test Sample After Test
Tested by: K. Koh
Preparation Notes: Sample was moist tamped to a loose condition ested by ©
Reviewed by: R. Fanni/
THIS DOCUMENT SHALL ONLY BE REPRODUCED IN FULL y: D. Reid




Triaxial Test Report

Isotropically Consolidated Undrained (CIU)

O GOLDER

Perth Laboratory
84 Guthrie Street, Osborne Park

Client: Hatch Date: 23/06/2018
Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 180083 - sa-1 CIU very loose 50kPa
Initial Height (mm): 144.1 [Final Liquor Content (%): 23.2% |Strain Rate (mm/min): 0.03
Initial Diameter (mm): 62.6 |Final Dry Density (tm°): 1.67 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.63 |Mean Effective Consolidation Stress (kPa): 50
Initial Dry Density (Ym®): 1.23 [Final Liquor Solids Conc. (g/L): Geostatic Stress Ratio K (-): 0.98
50 50
45 45
40 40
35 l 35
’c?
o
— =3
S 30 30 o
X 3
~ [}
2 / 3
o ’ 5
a o
§ 25 { 25 s
©
.g I §
[a] S
2
20 1+ 20 %
| @
(0]
e
%)
15 15
10 10
5 5
= Deviator Stress
= = -Pore Pressure
0 1 0
0% 5% 10% 15% 20% 25%
Axial Strain (%)
Tested by: K. Koh
Preparation Notes: Sample was moist tamped to a loose condition y
Reviewed by: R. Fanni/
THIS DOCUMENT SHALL ONLY BE REPRODUCED IN FULL y: D. Reid




Triaxial Test Report

Isotropically Consolidated Undrained (CIU)

O GOLDER

Perth Laboratory
84 Guthrie Street, Osborne Park

Client: Hatch Date: 23/06/2018
Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 180083 - sa-1 CIU very loose 50kPa
Initial Height (mm): 144.1 [Final Liquor Content (%): 23.2% [Strain Rate (mm/min): 0.03
Initial Diameter (mm): 62.6 |Final Dry Density (tm°): 1.67 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.63 |Mean Effective Consolidation Stress (kPa): 50
Initial Dry Density (Ym®): 1.23 [Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.98
20
18
16
14
w
< 12
o
[}
(%]
o
75}
— 10
s}
T
>
[}
()]
8 \>
6
4
2
0 1
0 10 20 30 40 50 60
Mean Effective Stress p' (kPa)
. Tested by: K. Koh
Preparation Notes: Sample was moist tamped to a loose condition y
Reviewed by: R. Fanni/
THIS DOCUMENT SHALL ONLY BE REPRODUCED IN FULL y: D. Reid




Triaxial Test Report

Isotropically Consolidated Undrained (CIU)

O GOLDER

Perth Laboratory

84 Guthrie Street, Osborne Park

Client: Hatch Date: 23/06/2018
Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 180083 - sa-1 CIU very loose 50kPa
Initial Height (mm): 144.1 [Final Liquor Content (%): 23.2% (Strain Rate (mm/min): 0.03
Initial Diameter (mm): 62.6 |Final Dry Density (tm°): 1.67 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.63 |Mean Effective Consolidation Stress (kPa): 50
Initial Dry Density (Ym®): 1.23 [Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.98
35
30
25 T  §
)
o}
o
(@]
g
a
2
2 20
<
[
kel
©
o
o
@
2 15
=
e}
=
10
5
0
0% 5% 10% 15% 20% 25%
Axial Strain (%)
. Tested by: K. Koh
Preparation Notes: Sample was moist tamped to a loose condition y
Reviewed by: R. Fanni/
THIS DOCUMENT SHALL ONLY BE REPRODUCED IN FULL y: D. Reid




Triaxial Test Report b GOLDER

Isotropically Consolidated Undrained (CIU) 54 ot O

Client: Hatch Date: 20/06/2018

Address: 61 Petrie Terrace, Brisbane Project No.: 18101980

Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m

Location: Cadia Mine Test ID: 18003 - sa-2 ClIU loose 100kPa
Initial Height (mm): 146.7 [Final Liquor Content (%): 21.1% |[Strain Rate (mm/min): 0.03
Initial Diameter (mm): 63.6 |Final Dry Density (t/m®): 1.73 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.58 |Mean Effective Consolidation Stress (kPa): 101
Initial Dry Density (m®): 1.22 [Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.97

12003 -~ HAYO
‘ So-1L - C\\- tookfa
\ouwse

€003 - HA Y0\
D Sa-1 - C\Ue- lootR
\osse

n
Sample Before Test Sample After Test
Tested by: K. Koh
Preparation Notes: Sample was moist tamped to a loose condition ested by ©
Reviewed by: R. Fanni/
THIS DOCUMENT SHALL ONLY BE REPRODUCED IN FULL y: D. Reid




Triaxial Test Report

Isotropically Consolidated Undrained (CIU)

O GOLDER

Perth Laboratory
84 Guthrie Street, Osborne Park

Client: Hatch Date: 20/06/2018
Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 180083 - sa-2 CIU loose 100kPa
Initial Height (mm): 146.7 [Final Liquor Content (%): 21.1% [Strain Rate (mm/min): 0.03
Initial Diameter (mm): 63.6 |Final Dry Density (tm°): 1.73 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.58 |Mean Effective Consolidation Stress (kPa): 101
Initial Dry Density (Ym®): 1.22 [Final Liquor Solids Conc. (g/L): Geostatic Stress Ratio K (-): 0.97
100 100
90 90
80 80
70 I/ 70
/ ’c?
o
— / X
S 60 1 60 o
X [] >
3 l a
7] | o
2 ' a
n 1 o
5 50 17 50 s
o [
3 . 2
o ] S
A '8
40 H 40 ¢
©
(0]
e
%)
30 T~ 30
20 20
10 10
= Deviator Stress
= = -Pore Pressure
0 1 0
0% 5% 10% 15% 20% 25%
Axial Strain (%)
Tested by: K. Koh
Preparation Notes: Sample was moist tamped to a loose condition y
Reviewed by: R. Fanni/
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Triaxial Test Report

Isotropically Consolidated Undrained (CIU)

O GOLDER

Perth Laboratory
84 Guthrie Street, Osborne Park

Client: Hatch Date: 20/06/2018
Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 180083 - sa-2 CIU loose 100kPa
Initial Height (mm): 146.7 [Final Liquor Content (%): 21.1% |[Strain Rate (mm/min): 0.03
Initial Diameter (mm): 63.6 |Final Dry Density (tm°): 1.73 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.58 |Mean Effective Consolidation Stress (kPa): 101
Initial Dry Density (Ym®): 1.22 [Final Liquor Solids Conc. (g/L): Geostatic Stress Ratio K (-): 0.97
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Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 180083 - sa-2 CIU loose 100kPa
Initial Height (mm): 146.7 [Final Liquor Content (%): 21.1% |[Strain Rate (mm/min): 0.03
Initial Diameter (mm): 63.6 |Final Dry Density (tm°): 1.73 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.58 |Mean Effective Consolidation Stress (kPa): 101
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Isotropically Consolidated Undrained (CIU)

O GOLDER

Perth Laboratory
84 Guthrie Street, Osborne Park

Client: Hatch Date: 16/06/2018

Address: 61 Petrie Terrace, Brisbane Project No.: 18101980

Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m

Location: Cadia Mine Test ID: 180083 - sa-3 CIU loose 500kPa
Initial Height (mm): 147.2 [Final Liquor Content (%): 17.8% |Strain Rate (mm/min): 0.03
Initial Diameter (mm): 66.2 |Final Dry Density (tm°): 1.84 [B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.49 |Mean Effective Consolidation Stress (kPa): 502
Initial Dry Density (m®): 1.20 [Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 1.00
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Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 180083 - sa-3 CIU loose 500kPa
Initial Height (mm): 147.2 [Final Liquor Content (%): 17.8% |Strain Rate (mm/min): 0.03
Initial Diameter (mm): 66.2 |Final Dry Density (tm°): 1.84 [B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.49 |Mean Effective Consolidation Stress (kPa): 502
Initial Dry Density (m®): 1.20 [Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 1.00
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Triaxial Test Report

Isotropically Consolidated Drained (CID)

O GOLDER

Perth Laboratory
84 Guthrie Street, Osborne Park

Client: Hatch Date: 18/06/2018

Address: 61 Petrie Terrace, Brisbane Project No.: 18101980

Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m

Location: Cadia Mine Test ID: 18003 - sa-4 CID loose 300kPa
Initial Height (mm): 147.7 [Final Liquor Content (%): 15.9% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 65.7 |Final Dry Density (t/m°): 1.90 |B Response (%): 97%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.43 |Mean Effective Consolidation Stress (kPa): 301
Initial Dry Density (m®): 1.21 [Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.99
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Client: Hatch Date: 18/06/2018

Address: 61 Petrie Terrace, Brisbane Project No.: 18101980

Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m

Location: Cadia Mine Test ID: 18003 - sa-4 CID loose 300kPa
Initial Height (mm): 147.7 [Final Liquor Content (%): 15.9% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 65.7 |Final Dry Density (tm°): 1.90 (B Response (%): 97%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.43 |Mean Effective Consolidation Stress (kPa): 301
Initial Dry Density (Ym®): 1.21 [Final Liquor Solids Conc. (g/L): Geostatic Stress Ratio K (-): 0.99
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Sample was moist tamped to a loose condition
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Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 18003 - sa-4 CID loose 300kPa
Initial Height (mm): 147.7 [Final Liquor Content (%): 15.9% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 65.7 |Final Dry Density (tm°): 1.90 (B Response (%): 97%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.43 |Mean Effective Consolidation Stress (kPa): 301
Initial Dry Density (Ym®): 1.21 [Final Liquor Solids Conc. (g/L): Geostatic Stress Ratio K (-): 0.99
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O GOLDER

Perth Laboratory
84 Guthrie Street, Osborne Park

Client: Hatch Date: 18/06/2018
Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 18003 - sa-4 CID loose 300kPa
Initial Height (mm): 147.7 [Final Liquor Content (%): 15.9% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 65.7 |Final Dry Density (tm°): 1.90 (B Response (%): 97%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.43 |Mean Effective Consolidation Stress (kPa): 301
Initial Dry Density (Ym®): 1.21 [Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.99
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Triaxial Test Report

Isotropically Consolidated Drained (CID)

O GOLDER

Perth Laboratory
84 Guthrie Street, Osborne Park

Client: Hatch Date: 18/06/2018

Address: 61 Petrie Terrace, Brisbane Project No.: 18101980

Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m

Location: Cadia Mine Test ID: 18003 - sa-4 CID loose 300kPa

Initial Height (mm): 147.7 [Final Liquor Content (%): 15.9% |Strain Rate (mm/min): 0.015

Initial Diameter (mm): 65.7 |Final Dry Density (tm°): 1.90 (B Response (%): 97%

Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.43 |Mean Effective Consolidation Stress (kPa): 301

Initial Dry Density (Ym®): 1.21 [Final Liquor Solids Conc. (g/L): Geostatic Stress Ratio K (-): 0.99
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Isotropically Consolidated Drained (CID) 54 ot O

Client: Hatch Date: 14/06/2018

Address: 61 Petrie Terrace, Brisbane Project No.: 18101980

Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m

Location: Cadia Mine Test ID: 18003 - sa-5 CID loose 800kPa
Initial Height (mm): 147.1 [Final Liquor Content (%): 14.2% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 66.4 |Final Dry Density (t/m®): 1.97 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.39 |Mean Effective Consolidation Stress (kPa): 801
Initial Dry Density (m®): 1.19 [Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 1.00
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84 Guthrie Street, Osborne Park

Client: Hatch Date: 14/06/2018
Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 180083 - sa-5 CID loose 800kPa
Initial Height (mm): 147.1 [Final Liquor Content (%): 14.2% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 66.4 |Final Dry Density (tm°): 1.97 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.39 |Mean Effective Consolidation Stress (kPa): 801
Initial Dry Density (Ym®): 1.19 [Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 1.00
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Initial Diameter (mm): 66.4 |Final Dry Density (tm°): 1.97 |B Response (%): 99%
Trimmings GWC (%): 11.3% |Final Void Ratio (-): 0.39 |Mean Effective Consolidation Stress (kPa): 801
Initial Dry Density (Ym®): 1.19 [Final Liquor Solids Conc. (g/L): Geostatic Stress Ratio K (-): 1.00
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Perth Laboratory
84 Guthrie Street, Osborne Park

Client: Hatch Date: 14/06/2018
Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 180083 - sa-5 CID loose 800kPa
Initial Height (mm): 147.1 [Final Liquor Content (%): 14.2% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 66.4 |Final Dry Density (tm°): 1.97 |B Response (%): 99%
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Client: Hatch Date: 28/06/2018

Address: 61 Petrie Terrace, Brisbane Project No.: 18101980

Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m

Location: Cadia Mine Test ID: 18003 - sa-6 CID dense 50kPa
Initial Height (mm): 160.8 |Final Liquor Content (%): 15.9% [Strain Rate (mm/min): 0.015
Initial Diameter (mm): 72.5 |Final Dry Density (t/m3): 1.90 |B Response (%): 96%
Trimmings GWC (%): 11.3% [Final Void Ratio (-): 0.43 [Mean Effective Consolidation Stress (kPa): 50
Initial Dry Density (t/m®): 1.93 |[Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.98
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Isotropically Consolidated Drained (CID)

Perth Laboratory

O GOLDER

84 Guthrie Street, Osborne Park
Client: Hatch Date: 28/06/2018
Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 18003 - sa-6 CID dense 50kPa
Initial Height (mm): 160.8 |Final Liquor Content (%): 15.9% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 72.5 |Final Dry Density (t/ma); 1.90 |B Response (%): 96%
Trimmings GWC (%): 11.3% [Final Void Ratio (-): 0.43 |Mean Effective Consolidation Stress (kPa): 50
Initial Dry Density (tm°): 1.93 |Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.98
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Address: 61 Petrie Terrace, Brisbane Project No.: 18101980
Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 18003 - sa-6 CID dense 50kPa
Initial Height (mm): 160.8 |Final Liquor Content (%): 15.9% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 72.5 |Final Dry Density (t/ma); 1.90 |B Response (%): 96%
Trimmings GWC (%): 11.3% [Final Void Ratio (-): 0.43 [Mean Effective Consolidation Stress (kPa): 50
Initial Dry Density (tm°): 1.93 |Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.98
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Project: NTSF Embankment Failure ITRB Sample ID: HA401 0-2m
Location: Cadia Mine Test ID: 18003 - sa-6 CID dense 50kPa
Initial Height (mm): 160.8 |Final Liquor Content (%): 15.9% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 72.5 |Final Dry Density (t/ma); 1.90 |B Response (%): 96%
Trimmings GWC (%): 11.3% [Final Void Ratio (-): 0.43 [Mean Effective Consolidation Stress (kPa): 50
Initial Dry Density (tm°): 1.93 |Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.98
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Location: Cadia Mine Test ID: 18003 - sa-6 CID dense 50kPa
Initial Height (mm): 160.8 |Final Liquor Content (%): 15.9% |Strain Rate (mm/min): 0.015
Initial Diameter (mm): 72.5 |Final Dry Density (t/ma); 1.90 |B Response (%): 96%
Trimmings GWC (%): 11.3% [Final Void Ratio (-): 0.43 [Mean Effective Consolidation Stress (kPa): 50
Initial Dry Density (tm°): 1.93 |Final Liquor Solids Conc. (g/L): - Geostatic Stress Ratio K (-): 0.98
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