TO THE LAND COURT OF
QUEENSLAND

Second Supplementary Statement of Evidence

Professor Adrian Werner

Dr Matthew Currell

REGISTRY:: Brisbane
NUMBER: EPA495-15

MRA496-15
MRA497-15
Applicant: NEW ACLAND COAL PTY LTD ACN 081 022 380
AND
Respondents: FRANK AND LYNN ASHMAN & ORS
AND
Statutory Party: CHIEF EXECUTIVE, DEPARTMENT OF

ENVIRONMENT AND HERITAGE PROTECTION



Recommended additional conditions and response to transcript of evidence by Mr Brian
Barnett on the issue of faulting in the groundwater model from 2009 to 2013

1. Introduction

1.1 In response to His Honour’s questions about how the environmental authority might be
improved by the inclusion of further conditions,* we wish to provide our opinion (based
on the groundwater evidence presented in the matter to date) regarding the approval
decision and/or conditions relating to groundwater for the Project. This is provided below
and in Annexure A of this report.

1.2 On 17 and 18 May 2016, EDO QId sent us the transcripts of Mr Brian Barnett’s evidence
that took place in the Land Court of Queensland on those days.

1.3 The following additional expert opinion and relevant observations addresses some of the
matters raised in Mr Barnett’s evidence and cross-examination. In particular, it addresses:

1.3.1 Additional opinions that Mr Barnett gave in his oral evidence on matters
discussed during the conclave of experts between Dr Currell, Professor Werner,
Mr Durick, Mr Irvine and Mr Barnett on 11/05/2016, on which we hold contrary
opinions;

1.3.2 Some of Mr Barnett’s answers under cross examination that are inconsistent with
evidence in the modelling reports referred to and relied upon during the Court
process (e.g. those which documented the model’s development up until 2013);
and

1.3.3  Issues arising from Mr Barnett’s oral evidence regarding the 2009 numerical
model report produced for the EIS (Appendix G.5 — numerical model report —
included as Annexure B), which was authored by Mr Barnett and referred to
extensively in his oral evidence.

2. Groundwater Experts’ Recommendations with respect to approval of Stage 3

2.1 On the basis of the evidence relating to groundwater conceptualisation, quality and
modelling to date, we are of the opinion that Stage 3 of the New Acland Coal Mine
should not be approved. This is due to the lack of data underpinning the hydrogeological
investigation, an unacceptably high level of uncertainty in the groundwater modelling and
impact assessment, and poor quality or inadequate reporting of the hydrogeological
investigation and modelling. This opinion takes into account the large number of
landholders dependent on groundwater living within close proximity of the site who may
be adversely impacted by Stage 3 mining — a situation that is not typically encountered
for mine sites in Australia. Until these matters are resolved through additional collection
of field data and improvements to the hydrogeological conceptualisation and modelling,
we believe that approval for the Project should be withheld until a more scientifically
informed assessment of the Project’s likely impacts is conducted.

2.2 Should the Court ultimately recommend approval of the Project, we believe that
additional requirements are needed to improve the hydrogeological conceptualisation,
groundwater model and groundwater monitoring and impact management plan. A list of

! Transcript 10-90, lines 28-35.



conditions that could be adopted to address current deficiencies in these areas is attached
in Annexure A.

3. Water level gradients as justification for the placement of faults in the groundwater
model

3.1 On a number of occasions during cross-examination, Mr Barnett claimed that adding
faults to the model in the chosen locations (with flow barrier properties) was required to
calibrate the steady state version of the model to a satisfactory level.” The water level data
was the central measure on which the success of model calibration was determined. It
appears that a heavy reliance was placed on modification of fault locations to achieve fit
between modelled and observed water levels. This approach to calibration evidently
produced a model which included some totally unrealistic faulting patterns — for example
the fault immediately northwest of the mine lease which almost completely surrounds two
bores - and others which surround features on 3 or 4 sides, as described by Mr Holt
during cross examination.® Given that these entirely unrealistic fault placements were
arrived at using the model calibration method adopted, the whole approach to modelling
should have been called into question at that stage, as it strongly indicates that there were
flaws in the conceptualisation. This is perhaps best described in the Australian
Groundwater Modelling Guidelines (2012) as: “Difficulties producing a satisfactory
calibration might point to mistakes in the data analysis, which lead to the wrong
estimation of parameter ranges, misrepresentation of a specific process or lack of detail in
the hydrostratigraphy.” From the evidence presented by Mr Barnett and the modelling
reports, it appears that faulting was relied on during the model calibration at the expense
of (or in the absence of) other lines of field evidence - such as data on the degree of
vertical hydraulic separation/connectivity of the different aquifers, groundwater
extraction rates in different aquifers, and variable recharge around the site — factors which
were given limited consideration at that stage.

3.2 The argument that faults were required in their chosen locations to achieve satisfactory
calibration with respect to water levels is also difficult to reconcile with the fact that the
water levels produced by the steady state calibrated model still showed a high level of
mismatch with observed water levels after the calibration (e.g., see Figure 3-2 of the 2009
modelling report — reproduced as Figure 1 below). The mismatch between modelled and
observed water levels with the faults included, is in the order of tens of metres for
numerous bores (Figure 1). This is particularly the case in model layer 2, which at that
stage included both the Upper Walloon Coal Measures and Tertiary Basalt aquifers — two
of the major aquifers on the site for which water level data were available, and for which
impact assessment is of high importance. How Mr Barnett can claim that the faults were
needed to obtain a realistic representation of steep gradients in these aquifers, when the
errors between modelled and observed water levels are in many locations of the same
order of magnitude as the proposed gradients (e.g. 10s of meters), is difficult to reconcile.

? For example, see Transcript 29-25 to 29-26.
3 Transcript 29-5; 29-26, lines 15-25.
* Exhibit 720, OCAA.0036 (Australian Groundwater Modelling Guidelines 2012), soft page 46.
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Figure 3-2 Calibration Correlation

Figure 1 — Results of model vs observed water levels after calibration of the 2009
groundwater model. Reproduced from: SKM (2009): New Acland Coal Mine, Stage 3
expansion project. Appendix G.5 — Numerical Groundwater Model.

3.3 The fact that some of the faults put into the model during calibration in 2009 were
subsequently removed from the model during its development to 2013 (as described in
Mr Barnett’s affidavit, Figure 4)° is also inconsistent with the claim that these faults were
needed to achieve adequate calibration of the model.

3.4 The claim that a water level difference of approximately 35m over a distance of 8km is an
“extremely steep gradient”.® requiring the inclusion of a major fault (unmapped fault #1
of Figure 3 of Mr Barnett’s affidavit)’ is in our opinion an exaggeration, and a difficult
claim to substantiate with the evidence provided in the reports.? This type of water level
variation over distance is a relatively normal hydraulic gradient, particularly given the
geological setting of a multi-layered aquifer system located on a basin margin, with some
significant topographic relief. The difference in surface topography between the two
bores in question (#42231395 and #42231530)° is 32.4m, which indicates the water level
difference of 35m represents a hydraulic gradient that is typical and consistent with the

> Exhibit 826, NAC.0083 (Statement of Evidence - Brian Barnett), soft page 33.

6 Transcript 28-85, lines 1-8.e

” Exhibit 826, NAC.0083 (Statement of Evidence - Brian Barnett), soft page 30.

8 Transcript 29-33, lines 5-15.

° The Bore Report for 42231395 is included at Annexure C to this report. The Bore Report for 42231530 is at
Annexure B to Exhibit 824, OCA.0069 (Supplementary Individual Expert Witness Report Groundwater Currell),
sp27.



topographical gradient over the 8km distance. Mr Barnett’s interpretation that the
difference in water levels between these two bores constitutes a significant water level
gradient that requires the inclusion of a major unmapped fault,' also appears to ignore
other potential influences on water levels in the bores, such as the fact that bore 42231395
is located in an area where groundwater extraction from the alluvium is significant.
Taking into account the potential for pumping to create steep gradients around Oakey
(e.g., due to the Oakey abattoir bore No. 83211'), the potential for significant pumping-
induced impacts on water level gradients cannot be excluded from the model.

4. Discussion about “level of calibration”

4.1 Mr Barnett’s reference to the “level of calibration

»12 requires discussion, because there is

a critical misunderstanding that is inferred by his use of this term.

411

412

413

414

415

4.1.6

Where Mr Barnett uses “level of calibration”, this relates to the match between
modelled and measured water levels, and modelled and field-interpreted pit
inflows. This is referred to below as “measurement error”.

The match between field-based parameters (such as hydraulic conductivity, the
location and parameterisation of faults, etc.) is referred to below as “parameter
mismatch”.

Black box model calibration relies entirely on measurement error. Physically
based model calibration relies on both measurement error and parameter
mismatch. This is an obvious implication of the use of the term “physically
based” — i.e. the model has parameters that have a physical interpretation and can
be field-measured.

Mr Barnett’s statement that: “we started to incorporate unmapped faults where
we could see clear evidence that — that these were necessary or important in
getting that level of calibration that we required”*® demonstrates that Mr Barnett
was increasing the parameter mismatch by reducing the measurement error. That
is, he lowered the realism of parameters (i.e. by adding unfounded fault locations)
to obtain a better match to heads.

It might seem to a layperson that Mr Barnett’s goal of “getting that level of
calibration that we required” is an appropriate objective of groundwater
modelling. However, when the model is “physically based”, the aim of
calibration must also be to obtain parameters that best match the knowledge of
the study area (i.e. thereby reducing the parameter mismatch). For example, a
physically based model must include the geological knowledge and hydraulic
influence of faults as close to the conditions known to occur at the field site as
possible.

Because the model is a physically based model, it must necessarily be assumed
that the calibration process aims to lower both the measurement error and the
parameter mismatch; otherwise, the model is invalidated for its proposed purpose.
This is based on the premise that black box models cannot be used for future
predictions of impacts that have not been seen in the past.

% Transcript 29-33, lines 5-15; 28-85, lines 1-8.

" The bore report for bore no. 83211 at the Oakey abattoir is Exhibit 846, OCA.0074.
2 Transcript 28-81, lines 29-32; 28-82, lines 4-7.

B Transcript 28-81, lines 29-32.



4.1.7 If field knowledge of parameters is systematically violated, as Mr Barnett has
appeared to have done, the model is no longer a physically based model, and the
use of it to make future predictions of conditions that have not been seen in the
past is invalid.

Black box model v physically based (or process-based) model
Two major types of hydrologic models can be distinguished:

1. Black box model: A device, system or object which can be viewed in terms of only its
inputs and outputs (or transfer characteristics), without any knowledge of its internal
workings. Its implementation is "opaque™ (black). The 2000 Groundwater Modelling
Guidelines state that “An unknown “black box” approach can lead to reduced
credibility.”** Kirchner® states that “these approaches (black box models) can sometimes
give good enough answers as long as the system does not stray too far from the range of
conditions represented by the calibration data”.

2. Physically based model: These models try to represent the physical processes observed in
the real world. They are based on the understanding of the physics of the processes
involved. They describe the system by incorporating equations grounded on the laws of
conservation of mass, momentum and energy. Kirchner® states It is almost axiomatic
that we need ‘physically based’ models in order to make reliable predictions beyond the
range of prior observations.”

4.2 It follows from the above that Mr Barnett’s use and translation of the term “reasonable
level of calibration*" is invalid. That is, one cannot assume that the violation of known
field conditions will allow for a “reasonable level of calibration” if the objective of
calibration is to reduce both measurement error and parameter mismatch, as would be
expected for a physically based model. It follows that Mr Barnett’s statement appears to
infer that only measurement error needs to be reduced in calibration —i.e. as would apply
to black box models.

4.3 Mr Barnett similarly conflates measurement error and parameter mismatch in the
statement:

“I can say that in doing that process and the trial and error calibration process that a
model — like it’s a very strong feeling for what —how a ground water system will respond
to various stimuli and — and what’s required to get a — a — a calibration that’s — that’s
appropriate.” '

He is not necessarily finding out how the groundwater system will respond, but rather he
is finding out how the model will respond, and the lack of distinction is problematic. For
example, he has merged separate aquifers in his model, so his model is responding
according to the amalgamation of these aquifers whereas in reality, those separate

" Middlemis et al (2001) Murray-Darling Basin Commission Groundwater Flow Modelling Guideline, soft page
98.

1 2006; Water Resources Research 42, W035S04,

http://seismo.berkeley.edu/~kirchner/reprints/2006 77 right answers right reasons.pdf.

16 2006; Water Resources Research 42, W03S04.

Y Transcript 28-81, lines 29-32; 28-82, lines 4-7.

1 Transcript 28-82, lines 27-30.



http://seismo.berkeley.edu/~kirchner/reprints/2006_77_right_answers_right_reasons.pdf

aquifers will not behave as a single aquifer, and will have water level differences and

different flow rates within them.
4.4 Again, where Mr Barnett refers to “a — a — a calibration that’s — that’s appropriate”,™ it
appears that he refers only to measurement error and not the parameter mismatch that
should be considered for a physically based model. The judgement that the calibration
achieved at this stage was ‘appropriate’ is also a subjective one — from Figure 1 (above) it
can be seen that mismatch between measured and observed water levels remained on the
order of tens of metres for a number of bores in the major aquifers, and therefore the
enhanced parameter mismatch introduced by Mr Barnett does not seem to have resulted
in adequate measurement error in any case.

4.5 Where Mr Barnett refers to “continually refining and improving the model”,?° for a
physically based model, this should include reducing both the measurement error and the
parameter mismatch. The reduction of parameter mismatch requires a strategic and
concerted focus to continuously improve on the conceptual model and the parameters that
are thought to occur in reality in the study area — i.e. to make sure that the model properly
represents the key geological and hydrogeological features of the area. This is usually
associated with additional field data collection. There is no evidence Mr Barnett adopted
this approach. Rather, it appears that all of the effort expended by Mr Barnett was to
reduce the measurement error, which is what one would do with a black box model.

4.6 Mr Barnett incorrectly describes “what calibration is”,** at least for a physically based

model. Calibration is not taking known and significant hydrogeological features out of
models because the model doesn’t match water levels. Calibration is a balance of
measurement error (the seemingly sole focus of Mr Barnett’s calibration) and parameter
mismatch. Taking known features out of models worsens parameter mismatch, but Mr
Barnett has not acknowledged this. The manner in which he suggests the model was
calibrated fits with the definition of calibration for black box models, where only
measurement error is reduced. Further, taking this feature out of the model because it
benefits the match to water levels was not reported and yet is a very important conceptual
step.

5. Grouping of different aquifers within a single model layer

5.1 A number of times during cross examination, Mr Barnett made the claim that the effect of
geological layering on water level patterns was considered during the model calibration
process.”? However, the approach to layering that is described in the modelling reports up
to 2013 (including the original 2009 model report) would have made a proper assessment
of this factor extremely difficult. In the 2009 version of the model, the Walloon Coal
Measures and Tertiary Basalts (and locally, Alluvium) are grouped within a single model
layer, as discussed during the cross examination.” The grouping of aquifers in a single
model layer means that the model can only produce a single water level reading
(presumably a value that might be compared to the average of field measurements from
different layers) for the different aquifers within the layer at a given point (e.g. a given
X,y coordinate).

19 Transcript 28-82, lines 27-30.

20 Transcript 28-86, lines 5-14.

2 Transcript 29-10, lines 45-46.

> For example see Transcript 29-48, lines 1-5.
2 Transcript 29-25, lines 10-25.



5.2 The grouping of different aquifer layers within a single model layer thus means that the
effects of cross aquifer interaction (i.e. flow between aquifers), variable recharge to the
different aquifers, and groundwater extraction from a particular aquifer can’t be
effectively differentiated. It is likely that groundwater levels in the different aquifers are
in part controlled by these factors and the different hydrogeological properties of these
aquifers, and that some degree of vertical hydraulic separation exists - e.g., in most areas,
water levels are not the same in the different aquifers at a given point at the surface (i.e.
X,y coordinate). Hence, a single model layer with a single value of vertical hydraulic
conductivity for a layer containing multiple aquifers is likely to be a major over-
simplification of actual field conditions. Mr Barnett’s answer to Mr Holt’s question about
model cells is important in this context.** In our opinion his answer was misleading. As
Mr Holt indicated and Mr Barnett agreed, MODFLOW indeed calculates a water level at
a single point within a given model cell. If a cell is located in single layer (containing one
layer of model nodes), and that layer includes multiple aquifers, then the model will
produce a single, averaged water level for the units in that layer for a given cell.
Notwithstanding that, the type of average one would need to apply is likely not a simple
arithmetic average, but rather a weighted average.

5.3 The grouping of multiple aquifers within a single model layer is also in contradiction with
the revised conceptualisation used in the modelling after 2013, which separated the
different aquifer layers into distinct model layers. Attempting to calibrate the model
without adequately considering the layering is in our opinion likely to have contributed to
the poor match between modelled and observed water levels, to which Mr Barnett’s
response was to include unrealistic faulting patterns and/or faults for which there was no
field evidence. At this point of the modelling exercise, trust in the model’s representation
of the physical world should have been seriously questioned and further field data
requested; yet, the faulting pattern appears to have been left with minor changes through
subsequent model iterations up to the current time.

5.4 Mr Barnett also makes a claim about water levels in different aquifers and hydraulic
connection between aquifers which in our opinion is misleading. On page 29-33 of the
transcript, Mr Holt states that having different water levels in two different aquifers is ‘a
perfectly normal, a perfectly ordinary situation for a groundwater system?’ Mr Barnett
responded saying ‘Well, only if those aquifers are not connected’.® Here Mr Barnett
presents the connectivity between aquifers as being a binary choice between ‘connected’
and ‘not connected’, which is highly misleading. In reality, different aquifers exhibit
different degrees of hydraulic connection, ranging from highly connected (i.e. high
vertical hydraulic conductivity; in which case water levels in the different aquifers will be
similar at a given point) to having limited connection (i.e. low vertical hydraulic
conductivity) — in which case water levels are likely to be different in the vertical
direction. He goes on to claim that the explanation that geological layering and different
aquifer hydraulic properties could explain the observed water level patterns (as opposed
to faulting) would require him to:

‘..end up with an aquifer — with a model where I have basalts and alluvium and Walloon

Coal Measures that are disconnected, so there’s no interaction between those aquifers at
all’®®

> Transcript 29-31, 25-30.
» Transcript 29-33, lines 37-38.
26 Transcript 29-33, lines 40-45.



This statement is misleading. Modelling different levels of hydraulic connection between
aquifers can be achieved (and routinely is achieved) through the choices of the layering
pattern in the model, and the assignment of vertical and horizontal hydraulic conductivity
values to the different layers and/or zones. Limiting the degree of hydraulic connection
between different aquifers, by assigning appropriate values of Kh and Kz does not require
the aquifers to be to be completely ‘disconnected’ as is implied by Mr Barnett. Mr
Barnett’s suggestion that the only way to realistically simulate the behaviour of different
aquifers and achieve a match with observed water levels is to include faults as
“discontinuities in horizontal hydraulic conductivity?’ indicates that he resorted to a
conceptualisation that is very uncommon in real hydrogeological settings, and for which

there was little field evidence on the site.

6. Statements about the effect of faulting that are inconsistent with the model
documentation

6.1 Mr Barnett’s claim during cross-examination that under the original modelling (2009
model) drawdown did not extend out to the faults within the Walloon Coal Measures,
appears to be false.”® The SKM modelling report produced in 2009 (Appendix G5 of the
EIS and included as Annexure B to this report) clearly shows that drawdown did reach
the faults in many of the model layers and model simulations.?® The figures show that the
extent of the drawdown is in fact restricted by the faulting pattern (which at that time
resembled the mine lease boundary), including in the Walloon Coal Measures. Figure 2
below reproduces the model report Figure 4-3, showing that drawdown did extend to the
faults in the Walloon aquifer, and that the patterns of drawdown were indeed impacted by
the faulting pattern to a significant degree:

77 Transcript 29-35, lines 15-25.
28 Transcript 29-14, lines 25-30.
% For example see Fig 4.2, Fig 4.4 and Fig 4.5.
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Figure 4-3 Drawdown [m] in Layer 2 and 3 (Walloon Coal Measures) in 2042 year

Figure 2 — Drawdown predictions produced during 2009 modelling in the Walloon Coal Measures
and Marburg Sandstone (reproduced from SKM, 2009). The figure shows a clear influence of faulting
on the drawdown pattern.

6.2 In cross-examination Mr Barnett indicated that he had “considered” flow along faults but
that he could not recall whether this modelling had been undertaken.® However, in the
same answer he went on to describe what happened when he put enhanced permeability
in the model.** There is no evidence of any such modelling (i.e. the effect of enhanced
conductivity along faults) in the reporting. A scientific approach would be to show the
effects of making faults more permeable along their length. Additionally, there is no
evidence as to exactly how this was done, because the Horizontal Flow Barrier package
of MODFLOW does not allow for this type of modification directly. An alternative
technique would need to have been used to do this. So, not only has the result of
modelling enhanced flow along faults not been reported, how it was done was also not
reported. We also hold some scepticism as to whether this might have in fact been done
correctly in any case.

%0 Transcript 29-9, lines 20-30.
3 Transcript 29-9, lines 33-37.
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6.3 It is illogical to say, as Mr Barnett does,* that enhanced permeability produced very large
inflows, in the context of calibration. That is, it is possible to slightly increase the along-
fault permeability (it is not all or nothing as Mr Barnett seems to be inferring), thereby
creating only slightly more inflows along the fault. The statements made here by Mr
Barnett do not accord with model calibration practice, whereby a slight or major change

to a parameter (and therefore flow rates) can be invoked, and as such his statements read
as illogical.

7. Statements about modelling of groundwater pumping in steady state models

7.1 Mr Barnett gave evidence that it is “problematic” or “not really appropriate” to include
groundwater pumping in steady-state.*® This is fundamentally and comprehensively
wrong. The AEIS model uses a steady-state representation and includes mine-dewatering,
which is largely the same as pumping, so this statement by Mr Barnett is directly
contradictory to the Appendix N report (and a great swathe of other studies) in which
steady-state models include pumping and/or the similar effect of an excavation. The
simulation of steady-state conditions and groundwater extraction (i.e. through pit mine
inflows) is clearly presented in the Appendix N report:

“Although recovery to pre-mining groundwater levels does not occur post-mining, the
groundwater system recovers to a new steady-state equilibrium such that there are no
additional groundwater impacts other than those that have already occurred during
operation of the revised Project.”*

8. Discussion of gravity mapping

8.1 There are issues with Mr Barnett’s gravity-map discussion, notwithstanding that using
gravity map gradients to interpret fault locations is one legitimate method to assist in
mapping fault locations.® Firstly, the orientation of the “‘unmapped fault #1° discussed in
Mr Barnett’s affidavit does not line up with the trend of the steep gravity gradient that
occurs in a NW-SE direction to the south of the mine lease (indicated by close gravity
contours and a colour change from red to green), so the evidence does not support the
adopted orientation for this fault. Rather, the original, diagonal fault alignment shown in
the fault mapping by NAC appears to better match the orientation of the gravity contours.

8.2 Secondly, it would make more sense to compare the location of existing faults, and
whether they line up around areas of steep gradients in the gravity map. This would
provide a starting point for correlating gravity map features to independently mapped
faults. It appears that few if any of the other faults that have been mapped around the
mine by NAC are associated with significant discernible gravity gradients in the image,
indicating that the gravity data are of limited value in mapping faults at the scale required
(e.g. to assist in conceptualisation of faults in the groundwater model).

8.3 Regardless of 8.1 and 8.2 above, any interpretation of where faults might occur should be
founded on several sources of independent evidence. Interpretation of gravity mapping in
this way, without other geological or geophysical constraints, is highly problematic.
Typical geological practice would be to use the geophysical data as a preliminary line of

32 Transcript 29-9, lines 33-37.

* Transcript 29-81, lines 9-19; 29-82, lines 17-18.

** Exhibit 111, EHP.0111 (AEIS - Appendix N - [ESC Submission Response), soft page 21.

** See Gordon et.al (1964) Geologic Interpretation of Magnetic and Gravity Data in the Copper River Basin,
Alaska, United States Government Printing Office. Available at http://pubs.usgs.gov/pp/0316h/report.pdf.
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evidence to delineate potential regional structures and guide the more detailed and
reliable work of outcrop mapping, drilling and ground-based local geophysics (such as
seismic testing) that are required to confirm locations and orientations of faults and other
structures at the level of detail appropriate in this case. There is the additional challenge
of non-unique gravity data interpretation, as discussed by Lowrie®:

“Without auxiliary information the interpretation of gravity anomalies is ambiguous,
because the same anomaly can be produced by different bodies. An independent data
source is needed to restrict the choices of density contrast, size, shape and depths in
the many possible gravity models. The additional information may be in the form of
surface geological observations. Seismic refraction or reflection data provide better
constraints”

Due to this inherent uncertainty, a reliance on gravity data in the absence of, or in
contradiction to, ground-based field evidence is poor hydrogeological and modelling
practice.

9. Confirmation

| confirm that:

(a) the factual matters stated in this statement of evidence are, as far as | know,
true; and

(b) I have made all enquiries considered appropriate; and

(c) the opinions stated in this report are genuinely held by myself; and

(d) the report contains references to all matters I consider significant; and

(e) I'understand the duty of an expert to the court and have complied
with that duty;

(F) I have read and understood the Land Court Rules 2000 on expert
evidence; and

(9) I have not received or accepted instructions to adopt or reject a particular
opinion in relation to the proceeding.

- Yl

Professor Adrian Werner Dr Matthew Currell
2 June 2016 2 June 2016

% Lowrie, W. (1997) Fundamentals of Geophysics. Cambridge University Press, Cambridge UK.



Annexure A

Additional recommended conditions with respect to groundwater for the New Acland Stage 3
Mine proposal

Dr Matthew Currell & Professor Adrian Werner

1. The proponent must revise and update the hydrogeological conceptualisation of the project
area and surrounding region prior to any Stage 3 mining activity associated with the first box-
cut. This must include additional site-specific field data, resulting in the following
improvements to the conceptualisation:

i) A review of the site stratigraphy based on bore log data and any available geophysical
surveys and surface geological mapping;

i) The revised site stratigraphy needs to consider modifications of the OGIA geological
layering in accordance with local data, including knowledge of faults and their
displacements;

iii) The revised site stratigraphy should be communicated through the production of
multiple geological cross sections through the site in different directions, and two- or
three-dimensional representations of the extent and thickness of the geological layers;

iv) Following the development of contour maps of groundwater levels (see (ix) below),
the revised site stratigraphy needs to be compared to groundwater levels to determine
the saturated thickness of unconfined aquifers, including an evaluation of the extent
of dry areas;

V) Detailed mapping of faults and evidence of the hydraulic behaviour of these faults
under current conditions with respect to groundwater flow, as indicated by a proper
hydrogeological characterisation of faults that includes comparison of water levels
from monitoring wells constructed either side of faults;

vi) Faults included in the groundwater model and/or that are likely to have significant
bearing on the propagation of mine-induced drawdown should then be targeted by
additional field investigations. This includes the application of geophysical methods
and/or pumping tests to determine their controls on groundwater flow under stress.
Evidence should be sought for the potential controls of faults in modifying aquifer
connectivity in the lateral direction (across the fault), as well as parallel to the
orientation of the faults;

vii) Estimates of horizontal and vertical hydraulic conductivity and storativity (including
specific storage and specific yield for the relevant aquifer type) for all potentially
impacted aquifer units, based on appropriate field methods such as pumping tests
(conducted for sufficient duration to establish these parameters);

viii)  Aquifer interconnectivity should be explored through: (a) the evaluation of available
water chemistry data, including new targeted sampling for this purpose; (b)
assessment of the hydraulic behaviour of aquitards arising from analysis of water
levels; (c) consideration of geological knowledge of aquitards; and (d) targeted pump
testing to explore water level changes in one aquifer in response to pumping in
another;

iX) Baseline water level data collected from the monitoring bore network installed for
Stage 3 and additional bores required to map water level patterns in the major
aquifers, including contour maps of water level patterns in each potentially impacted
aquifer and hydrographs showing seasonal variation in water levels through time. All
water level monitoring data must include a minimum baseline monitoring period of at
least 12 months prior to any Stage 3 mining activity; with those located in strategic
impacts areas (see recommended conditions 4 and 5 below) must be monitored for a
baseline period of 24 months prior to any Stage 3 mining activity;
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X) An updated water balance of both mining operations and the aquifers more generally,
including estimates of recharge (i.e. to different aquifers), and discharge (including
groundwater usage by landholders in the surrounding area, estimation of
actual/potential evapotranspiration rates, and groundwater flow rates through the
boundaries of the study area), based on appropriate data and estimation techniques
(e.g. chloride mass balance) that are independent of model calibration;

xi) Evidence of the degree of groundwater-surface water interaction, including seasonal
variations, in all surrounding surface water features (including Myall, Lagoon, Doctor,
Cain and Oakey Creeks).

Xii) Improved characterisation and data collection of mine pit inflows, including
distinction of the inflows into different pits at weekly intervals, observations and
measurement where possible of localised pit inflows (e.g., due to discharge from
faults), a defensible and reliable measurement system to distinguish groundwater
discharge from rainfall and runoff inflows to the mine pits, daily recording of water
levels in all pits, and periodic water quality sampling of mine pit water;

xiii) A targeted monitoring and water quality analysis of water levels (at daily frequency),
water quality and potential rates of leakage from environmental/sediment dams, waste
rock dumps and areas in-filled with mine spoil. Hydrologic analysis of the
performance of environment/sediment dams (and any other water impoundments)
should be undertaken and compared to water level behaviour to enable estimation of
leakage rates.

The updated hydrogeological conceptualisation, including a detailed inventory of all data
collected, and a conceptual model report, must be reviewed by an appropriately qualified
independent hydrogeologist and subject to further evaluation by the Independent Expert
Scientific Committee on Large Coal Mining and Coal Seam Gas (“the IESC”) prior to any
mining activity associated with the first box cut, and prior to the numerical model revision
required by condition 2 below.

If elements of the monitoring and/or conceptualisation activities described above have been
attempted, but are proven to be untenable and cannot reasonably be completed prior to the
start of mining operations, replacement activities that provide similar improvements to the
reconceptualization efforts and that similarly reduce the uncertainty of groundwater
modelling predictions should be undertaken prior to the start of Stage 3 mining.

Additionally, the revised conceptualisation should be implemented into a groundwater
modelling context and tested by comparing model outputs to historical measurements, and at
least one iteration and revision of data collection and reconceptualisation should be
undertaken prior to any Stage 3 mining activities.

The proponent’s numerical groundwater model must be revised and updated in accordance
with the new data and conceptualisation produced under condition (1). The model must be
demonstrated to be fit for the purpose of:

i) The prediction of mining impacts to groundwater levels in landholder bores in the
region;

i) The prediction of mining impacts to any identified groundwater dependent
ecosystems (in accordance with recommended condition 6 below);

iii) The prediction of mining impacts to the groundwater contribution to surface water
systems;

iv) In combination with monitoring, the identification, differentiation and prediction of
mine-induced, climate-induced and landholder-induced groundwater level changes;
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V) The quantification of uncertainty in model predictions, such that the design of the
monitoring network is complementary to the strengths and weaknesses of the
modelling results, and to allow future data collection, conceptualisation and
modelling efforts to be directed towards reducing model uncertainty.

In points (i) to (v) above, the prediction of mining impacts should include quantification and
differentiation of mining impacts from Stages 1 and 2, and Stage 3, and the cumulative
impacts of all three Stages of mining.

The data and approach used in model calibration must be clearly documented and justified

with reference to the Australian Groundwater Modelling Guidelines (2012) (“the Guidelines”).

The model must demonstrate a level of calibration sufficient for the prediction of impacts to
water levels appropriate for (i) to (v), according to multiple qualitative and guantitative
calibration and uncertainty measures.

In light of the large number of potentially affected landholder bores, the model should exceed
the specifications of a Class 2 model in some aspects, and therefore ought to reflect Class 3
characteristics where possible. Ultimately, the judgement of whether the model is fit for
purpose ought to rest more so on the reviews of the IESC, independent peer reviewers, and
the Land Court process, and less so on whether the model matches particular Class
characteristics in the Guidelines. Any aspects of the Class 3 confidence level, as defined in
Table 2-1 of the Guidelines, that are not possible to achieve (such as the length of the
prediction period relative to the length of the transient calibration datasets) must be deemed
by the independent peer reviewer not to compromise the model’s fitness for purpose for the
prediction of impacts described above (see (i) to (v)). The accuracy of the updated model and
the disclosure of uncertainty must be assessed to be adequate and fit for purpose for the
prediction of the groundwater-related impacts described above (see (i) to (v)), and for the
design of monitoring and mitigation measures, by an appropriately qualified independent
groundwater modeller prior to any mining activity associated with the first box cut. Issues
raised in the independent peer review should be addressed prior to approval of the mine.

2a) The following improvements of the conceptual elements included in the groundwater
model design are required:

Q) The groundwater model should be constructed to monthly stress periods, to allow for
the assessment of seasonality effects;

(i) Groundwater recharge should be re-quantified and linked to climate, vegetation, soil,
surface water characteristics and land use to allow for seasonal and inter-annual
recharge variations to be estimated:;

(iii)  The modelling of mine void behaviour must be improved, including an assessment of
water quality changes with time, the incorporation of all inputs and outputs to mine
voids at timescales that allow for the analysis of pit behaviour in response to
seasonality and rainfall-runoff events, proper incorporation of pit behaviour into the
regional groundwater model, and differentiation of the hydrology of individual pits;

(iv) Improved representation of surface reservoirs, including a defensible assessment of
reservoir leakage and its impact on the underlying aquifers;

(v) Groundwater-surface water interaction should be modelled in a manner that allows
for the comparison between field-based methods of estimating groundwater recharge-
discharge and model-predicted groundwater recharge-discharge rates that arise from
the interaction with surface water bodies. These include all surface water
impoundments in the region, as well as intermittent and perennial watercourses;
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(vi)

(vii)

(viii)

(ix)

(x)

The modelling of surface water features and their transience needs to be incorporated
into the model in a manner that allows for the representation of the seasonality of
surface water behaviour in the groundwater model;

The groundwater modelling of groundwater-surface water interaction, including the
prediction of groundwater discharge and recharge rates arising from the surface water
systems, needs to be linked to the results of surface water modelling, such that
surface water and groundwater models adopt consistent surface water-groundwater
interaction rates. For example, water levels in surface water features that are included
in the groundwater model should reflect estimates of the actual hydrology (e.g.
average monthly stream water levels) of the study area;

Pumping of groundwater by NAC and by landholders needs to be incorporated into
the model using a defensible and transparent method of investigation, and, to the
degree that it is possible, allowing for estimates of the intra-annual and inter-annual
pumping variability to be incorporated into the model;

A range of future climate scenarios should be considered to allow for the assessment
of mine impacts under various plausible future climate conditions;

An evaluation of regions where aquifers are entirely unsaturated in the model should
be undertaken and compared to the knowledge of these areas arising from field data.
Similarly, an assessment of regions where unconfined aquifer water levels intercept
the land surface in the model should be undertaken and compared to the knowledge
of these areas arising from field data, including through the application of remote
sensing.

2b) The following improvements to model calibration and uncertainty analysis are needed:

(i)

(i)

(iii)

(iv)

Field measurements of water levels and pit inflows up until 2016 (and in accordance
with condition 1 above) are needed to calibrate the model,;

The aspects of the model that should be considered and compared to field-based
information in calibrating the model under historical conditions include:

a. Transience and distribution of groundwater-surface water interaction;
b. Transience and distribution of actual evapotranspiration;

c. Transience and distribution of mine pit inflows;

d. Transience and distribution of groundwater levels;

In addition to (ii), regularisation of the calibration process is needed by systematically
comparing model parameters to field-based estimates, including:

a. Aquifer hydraulic properties in the locations and in the correct aquifers in which
they were obtained;

b. The hydraulic characteristics of any modelled faults;

c. The conductances applied to model representations of rivers, streams, drains and
boundary conditions;

d. Any other relevant field knowledge that can be used to guide the selection of
parameters through the calibration process;

The occurrence of dry regions and pumping wells that become dry (and therefore
inoperable) should be clearly articulated and compared to field-based knowledge of
the study area;
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v)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)

(xii)

The reliability of water levels and all other calibration targets (including
regularisation) should be incorporated into the calibration weighting strategy in a
transparent and systematic manner;

The weighting of calibration targets should also take into account the final use of the
model, and thereby impart preference to predictions of most interest;

Sensitivity analysis should be used to evaluate the responsiveness of the model’s
calibration to individual parameters, and in a similar fashion, the responsiveness of
model predictions to the same individual parameters;

Where multiple models are used to provide statistical distributions of future mining
impacts, it should be clear as to which of the predictions relate to the models with
minimum error variance (i.e. the lowest measurement error and parameter mismatch);

Where calibration filters are applied sequentially (i.e. as per the method undertaken
for the AEIS model described in Appendix N), transparent disclosure of the changes
to the range in predicted drawdown due to pumping should be provided, such that the
reduction in the drawdown range that occurs with each calibration filter is apparent.
The predicted range in drawdowns from the original suite of models (i.e. prior to
calibration) should be disclosed;

To the maximum extent possible, the number of models used to define the range of
mining-induced drawdown should be the largest number that can practically be
obtained. It is recommended that no less than 50 models should be used to offer
estimates of drawdown ranges, and the complete range of drawdown (rather than
eliminating drawdown that lies at some statistical deviation from the median) from
these models ought to be disclosed;

The uncertainty in model predictions should be adequately explored, considering the
potential for uncertainty to persist despite the null-minus-mining approach to impact
prediction, the potential role of erroneous surface water discharge to artificially
mitigate mine drawdown, the possible role of uncertainty in faults and other
uncalibrated model structures, and other conceptual and numerical features of the
models that impact the models’ capacity to reliably predict future mine impacts;

The potential for cumulative impacts (i.e. from both the mining and post-mining
drawdown of surrounding coal, CSG and other groundwater-affecting activities)
should be quantitatively explored.

2¢) The following improvements to model prediction are needed:

(i)

(i)

(iii)

Estimates of the magnitude and extent of future (and historical) drawdown
experienced in each of the major aquifers must be reported, including the median case
and median plus two standard deviations. The drawdown from other model sets
should also be disclosed to provide an indication of the broader uncertainty and the
role of calibration in the determining the predicted drawdown (see condition 2b
above). Drawdown predictions should be produced as maps of drawdown relative to
pre-Stage 3 water levels, in addition to maps of the drawdown of Stages 1 and 2, plus
maps of drawdown of the cumulative impacts of Stages 1, 2 and 3, as well as maps of
absolute water levels, which take into consideration cumulative impacts of Stages 1, 2
and 3 of mining.

Changes to the distribution of dry aquifer areas (i.e. where aquifers are entirely
unsaturated) should be reported:;

Transient, distributed water balance reporting is needed in a manner that directly links
mining to groundwater flow rate changes, and that clearly differentiates flow changes
to/from different water courses, different mine pits, different impoundments, the
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(iv)

(v)

(vi)
(vii)

northern, eastern, western and southern boundaries, and other key conceptual
elements of the models;

The risk to other groundwater users and groundwater-dependent ecosystems needs to
be addressed, taking into account the frequency (i.e. intra- and inter-annually) and
degree with which various levels of stress and/or failure of key assets occur;

The future behaviour of the mine voids needs to be analysed, taking into account:
a. mine void water quality;

b. the potential for future climate scenarios to create low-frequency runoff events
that potentially create losing conditions in the mine voids (and thereby potentially
releasing mine pit water into the surrounding aquifers);

c. the possibility for high salinity water to occur in mine pits thereby inducing
density-driven groundwater flow out of mine voids;

Mine impacts under a range of future climate scenarios should be modelled;

The predicted impacts of Stages 1, 2 and 3 should be examined individually and in
combination for all future scenarios.

All matters raised by the IESC in their advice of 2014 and 2015 must be addressed in full,
through the collection and presentation of appropriate data and modelling outputs. This
should be assessed and approved by the IESC prior to any Stage 3 mining activity
commencing. All matters raised by independent peer reviewers of the conceptualisation and
of the modelling, as required under conditions 1 and 2 above, should also be addressed prior
to any Stage 3 mining activity.

The monitoring network designed as part of the the groundwater monitoring and impact
management plan (see condition 10 of Coordinator-General’s report) should be revised in
light of the results of the updated conceptualisation and modelling outlined in 1, 2 and 3
above, such that:

i)

There are sufficient bores in each aquifer to detect the full extent of any drawdown in
in each direction, to the distance identified to be the maximum predicted extent of
drawdown, defined as the 1m drawdown contour predicted at 2 standard deviations
above the median case in the revised groundwater model’s full set of predictions, but
additionally, taking into account the uncertainty in the modelling predictions;

Sufficient monitoring bores are present to resolve (in conjunction with the
groundwater model) the baseline trend and causes of changes to any landholder bores
within this maximum predicted extent of drawdown;

There are sufficient monitoring bores in each aquifer to detect any water quality
impacts that may arise due to potential seepage or runoff from any areas of mine
waste storage or future mine void areas;

Where mining creates drawdown (of 1 m or greater) that appears to extend beyond
the limits of the monitoring network, the monitoring network will be expanded to
provide measurement of the new extent of mine-induced drawdown;

The monitoring network necessarily includes strategic measurements of flow rates, at
frequencies that allow for the analysis of both seasonal and episodic surface water
behaviour, including mine pit inflows, any groundwater pumping by NAC, rates of
inflow to any surface water impoundments, and flows in watercourses.

A set of ‘strategic impact area’ monitoring bores must be constructed with the specific
purpose of determining the level of impact from mining in proximity to landholder bores.



These bores should be targeted to areas where landholders identify as being highly or solely
dependent on groundwater, as established during the Bore Baseline Assessment program.
Strategic impact area monitoring bores must be located with sufficient proximity to determine
aggregate impacts on water levels due to mining in the relevant aquifer(s), but at a sufficient
distance from individual supply bores, such that the water levels are not unduly impacted by
localised drawdown cones during periods of pumping.

Prior to any Stage 3 mining activity, water level trigger values must be set in each monitoring
bore, based on an assessment of the groundwater level behaviour, based on a monitoring
frequency of at most monthly measurements in each bore in the absence of Stage 3 mining
impacts, for a period of at least 12 months (in accordance with conditions 1 & 2). For bores in
‘strategic impact areas’, the baseline monitoring period assessed prior to setting trigger levels
should be at least 24 months.

The updated monitoring network and groundwater monitoring and impact management plan
must be approved by an independent and suitably qualified hydrogeologist prior to any Stage
3 mining activity associated with the first box-cut.

Annual reporting of groundwater levels and groundwater sampling from the monitoring
network will be supplied to potentially impacted landholders and relevant statutory bodies.

If any water level trigger values outlined in 4 are exceeded, then:

i) The cause of the water level change (for example mining related impacts as opposed
to other causes of the change) must be resolved to the satisfaction of an independently
appointed qualified hydrogeologist, including an assessment against predictions made
in the updated groundwater modelling (according to condition 2 above). Costs should
be borne by the proponent to conduct the necessary hydrogeological investigation to
determine the cause of the impact.

i) If a monitoring bore trigger level is exceeded and an impact to a landholder bore is
detected, and this is confirmed to be related to mining by the independent
hydrogeologist, then the proponent must ‘make good’ with an alternative equivalent
water supply for the landholder. As assessment of the water quality of any future
make-good water provided should be undertaken and reported, and an independently
qualified water quality expert must agree that the make-good water supply is of
equivalent quality and fit for the intended purpose.

iii) If a monitoring bore trigger level is exceeded in a strategic impact area (as outlined in
condition 4 above), then the progression of mining beyond the depth and extent at
that time must pause, until such time as:

a) the cause of the change is resolved by the independent hydrogeologist (in
accordance with condition 5(i)),

b) make good water supply arrangements are made with any affected landholders (in
accordance with condition 5(ii)) and,;

c) the revised groundwater model (as outlined in condition 2 above) is updated and
re-assessed for its fitness-for-purpose for the prediction of impacts in light of the
new data.

iv) Investigation of the groundwater impacts of Stages 1 and 2 mining activities is
required, and the cumulative and individual impacts of Stages 1, 2 and 3 should be
disclosed and incorporated into the reporting of impacts and make-good agreements
(and subject to independent expert review). Monitoring and assessment of
groundwater pumping by NAC for both mining and non-mining purposes need to be
undertaken, including an investigation into the potential future impacts of pumping
for the purposes of make-good agreements
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6. A groundwater-dependent ecosystem (“GDE”) investigation must be conducted to identify

any GDEs within the area that may be impacted by mining according to the revised
groundwater modelling. This investigation should be conducted through vegetation mapping
and water level monitoring and mapping covering the extent of the maximum predicted
drawdown (1m predicted drawdown contour of the median plus 2 standard deviations case)
determined based on the revised groundwater model, and taking into account the uncertainty
of drawdown predictions arising from other modelling results and uncertainty analyses. The
investigation must:

i) provide evidence of the degree of groundwater dependence of any identified potential
GDE; and

i) monitor water levels in the vicinity of the GDE for a baseline period of at least 12
months, including diurnal and seasonal variations to establish water use patterns

For any identified GDE, the minimum water level required for the healthy function of the
ecosystem must then be set as a trigger level. Water level monitoring and trigger levels should
exist both at the site of the GDE and at a series of set-back points, such that flow directions
and fluxes of groundwater to the GDE can also be assessed.

The GDE assessment must be conducted prior to any Stage 3 mining activity associated with
the first box-cut.
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1. Hydrogeological Conceptualisation

The Project site is situated in the western portion of the Clarence-Moreton Basin and is located
approximately 15 km north of the township of Oakey in southeast Queensland. The Walloon Coal Measures
within the Clarence-Moreton Basin underlie the Project site and regionally contain a coal resource of over
800 million tonnes.

The Project site is located in undulating terrain that spans two catchments. Runoff from the majority of the
Project site drains to Lagoon Creek. Both Lagoon and Doctors Creeks flow into Oakey Creek which is part
of the larger Condamine River Catchment.

1.1. Hydrogeology

The geology of the Project site comprises the following formations which are described below.

1.1.1. Quaternary Deposits

Quaternary deposits consist of recent alluvium (e.g. clay, silt, sand and gravel) deposited by creeks and
rivers. Within the Project area, these deposits are likely to occur in association with the Lagoon Creek
catchment. The nearest alluvial deposit with significant groundwater supplies is associated with Oakey
Creek approximately 15 km southeast of Acland Township.

1.1.2. Tertiary Basalt

The Tertiary Basalt unconformably overlies the Walloon Coal Measures in several localities in the Acland
area. Remnants of Tertiary age basalt flows from the hill tops in the Acland area occur as low lying
horizontal continuous flows. The presence of weathered basalt below fresh basalt, in combination with relict
soil profiles and sedimentary layers, indicate that there has been a succession of basalt flows in the Acland
area.

The Tertiary Basalt aquifer consists of olivine basalts and varies in thickness from 1 m to 90 m. The Tertiary
Basalt aquifer is interbedded with clay which has the potential to act as an aquitard. There is a minor
outcrop of the Tertiary Basalt aquifer in the northern section of the Project site.

1.1.3. Walloon Coal Measures

The Walloon Coal Measures consists of shale, siltstone, carbonaceous mudstone, minor sandstone and coal
layers. This geological unit outcrops over much of the Project site with the coal seams being the principal
conduit for groundwater. Even though numerous wells have been drilled into the coal measures at the
Project site, few are able to deliver useful quantities of water. Neighbouring farm properties also use
groundwater from the Walloon Coal Measures.

1.1.4. Marburg Sandstone

The Marburg Sandstone is up to 500 m thick and regionally dips to the southwest. The Marburg Sandstone
is made up of poorly sorted, coarse to medium-grained, feldspathic sandstone and fine-grained, well sorted
quartzose sandstone. Minor carbonaceous siltstone, mudstone, coal and rare pebble conglomerate also
occur within the Marburg Sandstone.
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The Marburg Sandstone aquifer is a confined aquifer which occurs at a depth of approximately 150 m below
ground level (bgl) within the Project site. Aquitards within the Walloon Coal Measures act as effective
confining layers for the Marburg Sandstone aquifer.

1.2. Recharge

The aquifer is recharged by infiltration of rainfall where the aquifers outcrop. There are two mechanisms of
recharge adopted in the model. These represent rainfall on the alluvial overburden and the Tertiary Basalt
respectively. The percentage of rainfall recharge to the Tertiary Basalt is much higher than recharge to the
alluvial sediments because of the higher permeability of the Tertiary Basalt.

1.3. Discharge

The Project will consist of a series of mine pits and voids which will intersect the Quaternary Alluvial
overburden and the Walloon Coal Measures. It is anticipated that these formations will be dewatered during
mining through the use of in-pit sumps and pumps.

The Quaternary Alluvial sediments are considered to be a minor aquifer within the Project site and do not
represent a significant groundwater resource. It is unlikely to be impacted by the Project due to its limited
use and limited interaction with surface water.

The Walloon Coal Measures are also considered to be limited in their capacity to store and transmit water.
This observation is consistent with pumping tests carried out in the Walloon Coal Measures which indicated
transmissivities of between 7 m? per day and 40 m? per day. However, it is recognised that most of the
dewatering undertaken for coal mining will occur in the coal measures and as such there are potential
impacts from the Project associated with the Walloon Coal Measures aquifer. Also of interest is the potential
for groundwater impacts to occur in the Marburg Sandstone Aquifer located beneath the coal measures.
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2. Model Formulation

A fully transient three dimensional finite difference groundwater flow model of the Mine and its surroundings
has been developed in the MODFLOW 2000 code using Visual Modflow Version 4.3.

2.1. Model Grid

The size of the model domain and the grid discretisation represents a compromise between the need to
create a model that is sufficiently large to ensure that the applied boundary conditions do not unduly
influence model results and a requirement to limit model size in order to constrain computational effort. The
critical factor addressed in this regard is the extent of groundwater drawdown surrounding the mine pits and
the voids. The model must extend far enough away from mining to ensure that drawdown in water levels
caused by mine dewatering does not reach the model boundaries during the course of the model runs.

The model domain is 36 km east-west and 53 km in the north-south direction roughly centred on the Mine.
The model has been formulated with 200 m square cells covering the Mine. Figure 2-1 shows the model
domain. A representative cross section (A-A’ in Figure 2-1) is shown in Figure 2-2.
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2.2,

Model Layers

The model is subdivided vertically into four separate layers corresponding to hydrogeological units and from
interpreted drillhole information provided by NAC. The model layers are:

2.3.

Layer 1 corresponds to Quaternary Alluvial deposits consisting of clay, silt, sand and gravel deposited
by creeks and rivers. The permeability of this layer is comparatively low.

Layer 2 corresponds to the Walloon Coal Measures and consists of shale, siltstone, minor
carbonaceous sandstone and coal intervals. This geological unit crops out over much of the Project site
with the coal seams being the principal conduit for groundwater. This layer represents the geological
unit that will be mined. The base of the layer has been chosen to coincide with the base of the F seam
in the mining area and represents the lowest level to which the pit will be excavated.

Layer 3 corresponds to the Walloon Coal Measures below the base of the F seam. The geology of this
layer is considered to be similar to that of Layer 3 but is expected to contain fewer coal seams. On the
basis of a drillhole information from the Mine, it is assumed to have a constant thickness of 80 m.

Layer 4 corresponds to Marburg Sandstone up to 500 m thick and regionally dips to the southwest. This
aquifer consists of sandstone, minor coal and conglomerate rock types. Layer 4 has a constant
thickness of 200 m.

Tertiary Basalt remnants occur as low lying, horizontal flows in Layers 1 and 2. The presence of
weathered basalt below fresh basalt, in combination with relict soil profiles and sedimentary layers,
indicate that there has been a succession of basalt flows in the Project area.

Boundary Conditions

The model provides for exchange of water with surroundings aquifers through the inclusion of Constant Head
Boundary Conditions assigned to the western and eastern boundary of the model. All the other lateral model
boundaries are defined as no-flow boundaries through which water cannot enter or leave the groundwater
model domain.
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2.4. Faulting

Faulting is known to have occurred from mapping of underground mines in the Project area and has also
been interpreted from drilling results. Faulting is developed along two main trends, northeast-southwest and
northwest-southeast. Folding has been interpreted from photogeological mapping, regional drilling and
geological interpretation of the drilling results elsewhere in the Moreton Basin. Model calibration highlighted
the fact that there are significant head differences measured in neighbouring groundwater wells suggesting
localised areas of low permeability and associated compartmental nature of the aquifers in the region of the
Mine.

In the model, the MODFLOW HORIZONTAL FLOW BARRIER PACKAGE was implemented in order to
represent the compartmental nature of the groundwater system. This package simulates thin, vertical low-
permeability geologic features that impede the horizontal flow of groundwater. Faults are approximated as a
series of horizontal-flow barriers (or “walls”) conceptually situated on the boundaries between pairs of
adjacent cells in the finite-difference grid. Wall settings were adopted to represent the faulting present at the
Mine. The locations, alignment and permeability of the flow walls were derived from faults mapped by NAC
at the Project site and during model calibration process. The walls were defined through Layer 1 to Layer 4.
Figure 2-3 shows the location of the faulting (represented as green lines) assumed in the model.
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Figure 2-3 Faulting included in the model
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2.5. Recharge

A nominal level of rainfall recharge has been applied across the top surface of the model. Initial estimates of
recharge were set at a fixed percentage of rainfall (1% of measured rainfall) measured in gauges located
within and near the model domain. The model was subdivided into two recharge zones according to the
permeability of the top model layer. Zone 1 represents the poorly permeable alluvial sediments and has
recharge set at 1% of rainfall. Zone 2 represents the Tertiary Basalt and has recharge set at about 5% of
measured rainfall.

Zone 1 (hatched area)
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Zone 2 (blue shaded area)
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mm/year
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Figure 2-4 Recharge Zones
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2.6. Aquifer Properties

Hydraulic conductivity and storage parameters included in the model as refined during the calibration
procedure are presented in Table 2-1. Values of hydraulic conductivity are slightly lower than those
indicated by pumping tests (between 7 m? per day and 40 m? per day) carried out in the Walloon Coal

Measures. Similarly the Marburg Sandstone hydraulic conductivity included in the model is higher than

indicated by pumping tests. Parameter values included in the model provide a reasonable level of calibration
and are consistent with observations from the mine and from the general recognition that the Marburg

Sandston is an important regional aquifer while the Walloon Coal Measures do not yield substantial

quantities of water.

Table 2-1 Hydraulic Properties

Model Layer Formation Kx, Ky [m/day] | Kz [m/day] Ss[m™] Sy
1 Quaternary Deposits 0.01 0.01 5.00E-06 | 0.01
2 Walloon Coal Measures 0.001 0.0001 5.00E-06 | 0.01
(Part of Layer 1 & 2) Tertiary Basalts 3 3 5.00E-06 | 0.01
3 Lower Walloon Coal Measures | 0.05 0.001 5.00E-06 | 0.01
4 Marburg Sandstone 5 0.1 5.00E-06 | 01
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3. Model Calibration

The model was calibrated by steady state simulations that represent pre-mining conditions at the Project site.
This process was used to demonstrate that the model is able to replicate measured groundwater levels at
the Project site and in order to attain stable and consistent starting conditions for subsequent transient
models.

Measured groundwater levels from 16 monitoring bores in the Walloon Coal Measures, 9 bores in the
Tertiary Basalts and 16 bores in the Quaternary Deposits, were chosen for calibration purposes. The
locations of the calibration bores are presented in Figure 3-1. The model was run repeatedly in a trial-error
manner to optimise the match with observations. Constant head boundary conditions, recharge rates,
specific yield and hydraulic conductivity data sets were adjusted during the calibration.

7005000

965000 &972000 &5973000 &986000 993000

&952000
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Figure 3-1 Observation Bore Locations
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3.1. Calibration Results

Figure 3-2 shows the correlation between calculated and observed heads for all calibration wells. Although
a considerable scatted of results are observed the general relationship between observed and predicted
groundwater heads is reasonable. A number of outlier points are seen in Figure 3-2 and it is also noted that
there is a large variation in measured groundwater level across the Project site. This reflects the non-
homogenous nature of the aquifers and the compartmental and fractured nature of the system.
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Figure 3-2 Calibration Correlation
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4. Predictive Scenarios

The dewatering of the mine pit was estimated through the use of a MODLFOW DRAIN (DRAIN) package
which represents excavation and groundwater flow into the final void and its subsequent removal by sump
pumps. The DRAIN cells were assigned in Layers 1 and 2 representing the Quaternary Deposits and
Walloon Coal Measures respectively. DRAIN cell elevations were obtained from the estimated floor of the

F Seam within the Project site. This level corresponds to the base of Layer 2 and hence the model simulates
the mining and excavation to the base of Layer 2. The mining schedule and location of mining areas are
shown in Figure 4-1. The zones shown in Figure 4-1 define the region that will be mined within the
designated time frame.

To simulate the mine dewatering process each zone is represented in the model as a drain (using the DRAIN
package). The drain for each zone is activated only during the period when the zone is being mined thus
simulating the progression of the mine from zone to zone. Each drain is de-activated as mining in each zone
ceases. De-activation of the drain simulates backfilling of the zone which raises the ground surface above
the water table thus preventing the discharge of groundwater into that zone. The only exception is the final
mining area (Zone 12) which is not backfilled at the completion of mining. Discharge through the drain
representing this zone remains active to simulate the ongoing groundwater discharge into the final void.

The model was run for a total mining period of 2002 to 2042 and another 50 years to 2092 in order to
ascertain the groundwater response during mining and to evaluate the water level recovery after the
cessation of mining.
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41. Best Estimate Model

The drawdown in Layer 2 and Layer 3 (Walloon Coal Measures and basalt) is shown in Figure 4-2 to
Figure 4-4. The drawdown in Layer 4 (Marburg Sandstone) is depicted in Figure 4-5 to Figure 4-6. These
figures represent snapshots of drawdown at various times during and after mine closure (i.e. at 2007, 2013,
2024, 2033, 2042 and 2092). The 2092 results show the predicted drawdown some 50 years after the
cessation of mining.

Generally the results indicate that the centre of the groundwater drawdown cone migrates within the Walloon
Coal Measures and underlying Marburg Sandstone in concert with the migrating mine pit. The maximum
drawdown at any time depends on the location of the mine pit and the depth of excavation. The deepest
excavation will be made in the final stages of mining (i.e. 2037 to 2042) and hence the maximum level of
drawdown is predicted to occur at the end of mining.

The modelling results shown in Figure 4-2 and Figure 4-5 indicate that:

= Maximum levels of drawdown in the Walloon Coal Measures exceed 60 m at the completion of mining.

= Most of the drawdown in the Walloon Coal Measures occurs within the area of mining and less than 2 m
drawdown occurs outside the area of mining.

= 50 years after the completion of mining, there is almost no residual drawdown in any of the aquifers.
Only minor levels of residual drawdown can be seen at the Project site in the Walloon Coal Measures.

»  The drawdown in Layer 4 (Marburg Sandstone) is much smaller than in Layers 2 and 3 beneath the
Project site.

= Predicted groundwater responses are strongly influenced by the faults (horizontal flow barriers) included
in the model.
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Figure 4-3 Drawdown [m] in Layer 2 and 3 (Walloon Coal Measures) in 2042 year
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Figure 4-4 The final Drawdown in Walloon Coal Measures (2092 year)
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Figure 4-6 Drawdown [m] in Layer 4 (Marburg Sandstone) in 2042 year
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Figure 4-7 and Figure 4-8 show the predicted groundwater levels in the cross-sections. The location of the
cross-section is shown in Figure 4-9.

In Figure 4-7 and Figure 4-8, the broken blue line shows the initial groundwater level and the solid red line
the groundwater level in 2042 as predicted by the model at the scheduled completion of mining. The
difference between the two lines indicates the drawdown. The greatest drawdown indicated in Figure 4-7
and Figure 4-8 is about 70 m and occurs at the intersection of the two cross-sections. The results indicate

extremely steep hydraulic gradients at the edge of the mine reflecting the low hydraulic conductivity assigned

to the Walloon Coal Measures and sediments above the Marburg Sandstone.

Both of the cross-sections indicate that the drawdown is close to the bottom of Layer 2 (Walloon Coal

Measures) in 2042 at the scheduled completion of mining. This observation is consistent with the dewatering

strategy that will maintain a dry pit for mining operations
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Figure 4-10 and Figure 4-11 show the rate and amount of water extracted from the mine pit during the
scheduled mine life. The total discharge was estimated at around 43 GL. Figure 4-11 suggests that there is
a relatively small dewatering requirement until 2012. It is assessed that the groundwater level in the northern
part of the Project site was originally close to the bottom of Layer 2, therefore only a small quantity of water

will have been extracted from those areas already mined.
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Figure 4-10 Mining Discharge Rate [ML/year]
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Figure 4-11 Mining Discharge Volume [ML]

The average groundwater pumping rate predicted by the model is about 3.9 ML/day. This is slightly higher
than the current mine allocation for groundwater (about 3.2 ML/day). Accordingly, it may be assumed that at
times during mining the dewatering pumping rate may exceed that required for mine water supply and there
may be a need to dispose of excess dewatering water.

Figure 4-12 and Figure 4-13 shows model-predicted hydrographs (groundwater level versus time) for
several bores the locations of which are shown in Figure 4-14.
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Figure 4-14 Observation Bore Locations

4.2. Sensitivity Analysis

Two model runs were undertaken to illustrate the variability in model outcomes as key model inputs
parameters are varied within appropriate ranges of value. The variations in the model input have been
restricted to plausible limits. Sensitivity studies include explicit assessment of the following parameters:

= Specific Yield. A predictive model was run to investigate the impact of an increased specific yield
assigned to those layers in which the water table may reside. The specific yield was increased to 0.1 for
the Quaternary Deposits, Walloon Coal Measures, Lower Walloon Coal Measures and Tertiary Basalts
(shown as the yellow cells in Table 4-2). The Marburg Sandstone was unchanged as the water table
does not reside in this layer at any time.

»  Vertical Hydraulic Conductivity. The impact of an increased connection between the mine pit and the
Marburg Sandstone was investigated. This model includes increased vertical hydraulic conductivity in
the layers immediately overlying the Marburg Sandstone. In this model the vertical conductivity of the
Walloon Coal Measures, Lower Walloon Coal Measures and Marburg Sandstone have been increased
as shown as the yellow cells in Table 4-1.
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Table 4-1 Property of Sensitivity Analysis (Specific yield)

Model Layer Formation Kx, Ky [m/day] | Kz [m/day] Ss [m'1] Sy
1 Quaternary Deposits 0.01 0.01 5.00E-06 | 0.1
2 Walloon Coal Measures 0.001 0.0001 5.00E-06 | 0.1
(Part of Layer 1 & 2) Tertiary Basalts 3 3 5.00E-06 | 0.1
3 Lower Walloon Coal Measures | 0.05 0.001 5.00E-06 | 0.1
4 Marburg Sandstone 5 0.1 5.00E-06 | 0.1

Table 4-2 Property of Sensitivity Analysis (Hydraulic Conductivity)

Model Layer Formation Kx, Ky [m/day] | Kz [m/day] Ss [m'1] Sy
1 Quaternary Deposits 0.01 0.01 5.00E-06 | 0.01
2 Walloon Coal Measures 0.001 0.001 5.00E-06 | 0.01
(Part of Layer 1 & 2) Tertiary Basalts 3 3 5.00E-06 | 0.01
3 Lower Walloon Coal Measures | 0.05 0.05 5.00E-06 | 0.01
4 Marburg Sandstone 5 5 5.00E-06 | 0.1

The result of the Specific Yield Case is shown in Figure 4-15. Comparing with the best estimate case, this

suggests that the drawdown is narrow and deep. The maximum drawdown is around 25 m at the end of the
model run (50 years after the end of mining). The cumulative volume of discharge is approximately 200 GL,
or four times higher than that for the best estimate model, as shown in Figure 4-18.

The result of the model run with a changed Vertical Conductivity is shown in Figure 4-16. When compared
to the best estimate model, the predicted drawdown was lower inside the mining areas and wider spread to
the southeast and northwest. In terms of discharge, the total volume of discharge is approximately 115 GL,
or about 2.5 times greater than for the best estimate model as shown graphically in Figure 4-18.

The sensitivity model results highlight the fact that the model results are not unique and that there is some
uncertainty associated with model outcomes.
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Figure 4-16 Sensitivity Analysis (Hydraulic Conductivity)
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Figure 4-17 Discharge Rates from Sensitivity Analysis
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Figure 4-18 Cumulative Discharge Volumes from Sensitivity Analysis
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5. Conclusion

A three dimensional numerical groundwater model was developed in order to assess the likely groundwater
response to future mine dewatering activities for the Project. The model was developed in the MODFLOW
2000 finite difference code using the Visual Modflow modelling package. The model includes layers and
zones for all of the principal hydrogeological units that may be impacted by mining activities. In particular
Quaternary Deposits, the Walloon Coal Measures, Tertiary Basalt and Marburg Sandstone were all included
explicitly in the model.

The model was calibrated by matching observed groundwater levels in bores at and around the Project site,
with model predicted groundwater levels. To date, the mine has not required significant levels of dewatering
as most of the mining has occurred at or above the undisturbed water table elevation. The model features a
number of horizontal flow barriers that are used to replicate the effects of faults that are present at the
Project site. Inclusion of these flow barriers was found to be necessary in order for the model to replicate the
substantial head differences observed across the Project site. It is concluded that the groundwater system at
this location is highly compartmentalised.

The model was run in predictive mode to assess the likely changes in groundwater level and to estimate
mine pit inflows during future mining activities. As the mine migrates to the south it is expected to become
deeper and the excavation will be well below the water table. Drawdown levels of more than 60 m at the
Project site are expected during the life of the mine. The model predicts groundwater level changes in the
Walloon Coal Measures and underlying Marburg Sandstone Aquifer. The drawdown is reasonably
constrained within the Walloon Coal Measures and is expected to be more widespread through the Marburg
Sandstone. Only modest levels of drawdown are predicted outside the Project site.

Sensitivity models were run to determine how the model would respond to different assumptions for key input
variables. It was found that the specific yield of the various units is uniformly increased compared to the
amount of water pumped from the mine which is expected to increase substantially. This may lead to the
requirement to develop a groundwater disposal plan should groundwater pumping exceed the consumptive
water use of the mine.
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BORE REPORT

Page 1 of 6

Annexure C

REG NUMBER 42231395

OFFICE Toowoomba

DATE LOG RECD

D/O FILE NO. UG 7/10

R/O FILE NO.
H/O FILE NO.

GIS LAT
GIS LNG
CHECKED Y

-27.397920236
151.609684213

REGISTRATION DETAILS

BASIN 4223 LATITUDE 27-23-52
SUB-AREA LONGITUDE 151-36-35
SHIRE 6910-TOOWOOMBA REC EASTING 362540
LOT 2 NORTHING 6968722
PLAN RP147505 ZONE 56
ORIGINAL DESCRIPTION  RD RSV ADJ L2 RP147505 ACCURACY
GPS ACC
PARISH NAME  4943-WATTS
COUNTY AUBIGNY

FACILITY TYPE Sub-Artesian Facility
STATUS Existing

ROLES IN
SM

RECORD
NUMBER

a b~ W N P

PIP

> > > >

DATE

05/02/1990
05/02/1990
05/02/1990
05/02/1990

STRATA
TOP (m)

0.00
1.30
7.10
11.80
12.40

DATE DRILLED

05/02/1990

DRILLERS NAME
DRILL COMPANY

METHOD OF CONST.

ROTARY RIG QWRC BP76

CASING DETAILS

RECORD MATERIAL DESCRIPTION MAT SIZE SIZE DESC
NUMBER (mm)

1 Plastic Casing 3.350 WT

2 Perforated or Slotted Casing 3.175 AP

3 Gravel Pack 10.000 GR

4 Steel Casing 4700 WT

STRATA
BOT (m)

1.30
7.10
11.80
12.40
14.80

STRATA LOG DETAILS
STRATA DESCRIPTION

BLACK SOIL

BROWN CLAY

BROWN SANDY CLAY
SAND AN BASALT WASH
BROWN CLAY

MAP-SCALE 40C
MAP-SERIES N
MAP-NO 5530
MAP NAME
PROG SECTION
PRES EQUIPMENT NE

ORIGINAL BORE NO OAKEY CK ALLUVIUM
BORE LINE OAK-OAKY GULLY LINE

POLYGON
RN OF BORE REPLACED
DATA OWNER DNR

OUTSIDE TOP BOTTOM
DIAM (m) (m)
(mm)

55 0.00 26.00
55 17.00 23.00
130 0.60 26.00
168 0.00 0.60
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REG NUMBER 42231395

RECORD STRATA
NUMBER TOP (m)
6 14.80

7 15.60

8 17.00

9 20.10

10 22.00

11 22.40

SOURCE RECORD

NUMBER
DNR 1
DNR 2
DNR 3
REC TOP  BOTTOM
BED(M) BED(M)
1 11.80 12.40
2 14.80 15.60
3 17.00 20.10

STRATA
BOT (m)

15.60
17.00
20.10
22.00
22.40
26.00

STRATA
TOP (m)

0.00
0.00
0.00

BED
LITHOLOGY

SAND
GRAV
SAND
GRAV
GRAV

STRATA DESCRIPTION

COARSE SAND AN GRAVEL
SANDY GREY CLAY
GRAVEL *WB
WEATHERED SANDSTONE
ROCK BANDS
WEATHERED SANDSTONE

STRATIGRAPHY DETAILS

STRATA STRATA DESCRIPTION
BOT (m)

20.10 OAKEY CREEK ALLUVIUM
20.10 OAKEY CREEK ALLUVIUM
20.10 OAKEY CREEK ALLUVIUM

AQUIFER DETAILS

SWL FLOW
(m)

DATE QUALITY

PUMP TEST DETAILS PART 1
**** NO RECORDS FOUND ****

PUMP TEST DETAILS PART 2
¥+ NO RECORDS FOUND ****

BORE CONDITION
*x* NO RECORDS FOUND ****

YIELD CTR CONDIT FORMATION NAME

(I/s)

Y

uc

uc

uc

OAKEY CREEK ALLUVIUM
OAKEY CREEK ALLUVIUM

OAKEY CREEK ALLUVIUM
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DATE 17/05/2016 GROUNDWATER DATABASE Page 3 of 6
BORE REPORT
REG NUMBER 42231395
ELEVATION DETAILS
PIPE  DATE ELEVATION PRECISION DATUM MEASUREMENT POINT ~ SURVEY SOURCE
A 05/02/1990 385.55 SVY AHD R CARDS
X 05/02/1990 385.15 SVY AHD N CARDS
WATER ANALYSIS PART1
PIP DATE RDANALYST QAN DEPT RMK SRC COND  pH Si  TOTAL  TOTAL  HARD ALK FIG. OF SAR RAH
E H (uS/cm) (mg/L) IONS  SOLIDS MERIT
(m) (mgiL) (mgiL)
A 13/06/1990 1GCL 136587 26.00 Al GB 4450 8.1 32 291000  2620.94 416 53 0.2 18.3 2.27
WATER ANALYSIS PART 2
PIPE DATE RD  Na K ca Mg Mn  HCO3 Fe  CO3 cl F NO3  SO4 Zn Al B cu
A 13/06/1990 1 8597 17 357 795 000 6309  0.00 76 12299 024 78 570
WATER LEVEL DETAILS
PIPE DATE  MEASURE N/R RMK MEAS PIPE DATE  MEASURENR RMK MEAS PIPE DATE  MEASURE N/R RMK MEAS
(m) TYPE (m) TYPE (m) TYPE
A 31/10/1990 -9.68 R NR A 06/12/1990 -9.83 R NR A 02/01/1991 -9.98 R NR
A 05/02/1991 -10.43 R NR A 20021991 -1057 R NR A 23/04/1991 -1090 R NR
A 230051991 -1094 R NR A 18/06/1991 -10.88 R NR A 19/07/1991 -1093 R NR
A 20081991 -1096 R NR A 17/09/1991 -11.08 R NR A 141011991 -1124 R NR
A 2910/1991 -11.34 R NR A 06/11/1991 -11.41 R NR A 20111991 -1152 R NR
A 27111991 -1157 R NR A 04121991 -11.65 R NR A 197121991 -11.78 R NR
A 22011992 -11.78 R NR A 30/01/1992 -11.78 R NR A 100021992 -11.81 R NR
A 14021992 -11.79 R NR A 2000211992 -11.79 R NR A 28021992 -11.77 R NR
A 180031992 -11.74 R NR A 09/04/1992 -11.83 R NR A 23041992 -11.84 R NR
A 07/05/1992 -11.83 R NR A 27/05/1992 -11.80 R NR A 11/06/1992 -11.76 R NR
A 24/06/1992 -11.71 R NR A 09/07/1992 -11.66 R NR A 03/08/1992 -1159 R NR
A 18/08/1992 -1156 R NR A 16091992 -1159 R NR A 07101992 -1156 R NR
A 2210/1992 -1163 R NR A 10/11/1992 -11.79 R NR A 26/11/1992 -11.87 R NR
A 16/12/1992 -11.88 R NR A 040211993 -1212 R NR A 01/03/1993 -12.30 R NR
A 31/03/1993 -12.49 R NR A 220411993 -12.62 R NR A 02/06/1993 -12.77 R NR
A 01/07/1993 -1276 R NR A 03/08/1993 -12.90 R NR A 260081993 -12.97 R NR
A 0211/1993 -1322 R NR A 15031994 -1351 R NR A 21/03/1994 -1349 R NR
A 160051994 -13.44 R NR A 17/06/1994 -1350 R NR A 24/08/1994 -1367 R NR
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REG NUMBER 42231395

PIPE DATE

>>»>»>»>» > >»>»>>>»>»>>>>>>>>>>>>>>r>r>>>>>rrr

19/10/1994
22/02/1995
03/07/1995
12/01/1996
16/05/1996
16/01/1997
02/10/1997
27/07/1998
02/06/1999
16/02/2000
05/12/2000
17/10/2001
21/10/2002
27/08/2003
25/05/2004
21/12/2004
17/05/2005
04/10/2005
29/05/2006
11/01/2007
22/06/2007
26/09/2007
05/12/2007
06/05/2008
15/09/2008
10/03/2009
21/09/2009
16/04/2010
01/10/2010
09/03/2011
15/12/2011
01/05/2012
15/10/2012

MEASURE N/R RMK

(m)

-13.85
-13.85
-13.70
-13.54
-13.46
-12.68
-12.88
-12.65
-12.14
-11.70
-12.33
-12.51
-12.43
-12.56
-12.63
-12.88
-13.32
-13.65
-13.81
-14.17
-14.39
-14.46
-14.50
-14.49
-14.34
-14.27
-14.36
-14.63
-13.95
-13.47
-12.28
-12.20
-11.83

 0”Y >®VTXIXXX XVXV XXV XV VXXXV VXV VXV XV OV VXV XV OV UV XV XV UV UV UV UV U O XD

MEAS

TYPE

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
NR
ACT
ACT
ACT
NR
NR
NR
NR
NR
NR
NR

>>»>»>»>»>»>»>»>2>>»>»>2>>>»>»>2>>>>>>>>>>>>>D> >

PIPE DATE

01/12/1994
15/03/1995
24/11/1995
20/02/1996
01/07/1996
14/04/1997
08/01/1998
04/11/1998
06/09/1999
06/06/2000
27/02/2001
14/01/2002
03/01/2003
04/12/2003
13/07/2004
08/02/2005
27/06/2005
07/12/2005
04/09/2006
05/03/2007
18/07/2007
04/10/2007
03/03/2008
04/07/2008
21/01/2009
02/07/2009
27/11/2009
01/07/2010
08/11/2010
19/05/2011
10/01/2012
05/06/2012
13/02/2013

MEASURE N/R RMK MEAS

(m)

-13.85
-13.84
-13.66
-13.50
-13.25
-13.07
-12.82
-12.31
-11.80
-12.01
-12.51
-12.47
-12.73
-12.51
-12.59
-12.88
-13.45
-13.70
-13.97
-14.22
-14.37
-14.46
-14.48
-14.46
-14.15
-14.36
-14.44
-14.60
-14.25
-13.12
-12.21
-12.06
-11.77

o I v I v B s B v B v B v R v B o B v B v B v B s B v B v B v B v B s B v B v B v B v > v B> v B v B v B s B v B v B v B v B s B v

TYPE

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
NR
ACT
ACT
NR
NR
NR
NR
ACT
ACT
NR
NR
NR
NR

PIPE DATE

>>»>»>»>»>»>»>»2>» > >»>>» > >>>>>>>>>>>>>>>>>> >

(m)

05/01/1995
29/05/1995
11/12/1995
11/04/1996
30/09/1996
29/05/1997
28/04/1998
08/03/1999
01/11/1999
11/09/2000
06/07/2001
11/06/2002
08/05/2003
05/12/2003
12/10/2004
21/04/2005
11/08/2005
22/02/2006
17/11/2006
25/05/2007
28/08/2007
14/11/2007
04/04/2008
14/08/2008
11/02/2009
07/08/2009
14/01/2010
24/08/2010
06/12/2010
07/11/2011
28/02/2012
15/08/2012
17/04/2013

-13.85
-13.76
-13.61
-13.53
-12.92
-13.14
-12.98
-12.32
-11.73
-12.02
-12.47
-12.38
-12.79
-12.63
-12.62
-13.20
-13.51
-13.66
-13.99
-14.37
-14.45
-14.49
-14.51
-14.39
-14.21
-14.32
-14.51
-14.46
-14.11
-12.38
-12.15
-10.78
-11.63

v s v B s B v B v i v B B v B s > v B B v R v B v B> B> v > v B v B B v B v B> v B v B v B v B> v B s B v v B v B s B v

MEASURE N/R RMK MEAS

TYPE

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
ACT
ACT
NR
ACT
ACT
ACT
ACT
ACT
NR
ACT
NR
ACT
ACT
ACT
ACT
ACT
ACT
NR
NR
NR
NR
NR

59




DATE 17/05/2016

GROUNDWATER DATABASE

BORE REPORT

Page 5

of

REG NUMBER 42231395

PIPE DATE

> > > > >

31/07/2013
05/02/2014
17/07/2014
23/04/2015
28/01/2016

PIPE

A
A

MEASURE N/R
(m)

-11.36
-11.42
-11.64
-11.84
-11.87

UV UV XUV D

DATE

05/02/2014
29/06/2014

RMK

DEPTH
(m)
16.00
27.30

MEAS PIPE DATE MEASURE N/R RMK MEAS
TYPE (m) TYPE
NR A 01/11/2013 -11.22 R NR
NR A 10/04/2014 -11.67 R NR
NR A 24/10/2014 -11.14 R NR
ACT A 29/07/2015 -11.99 R ACT
ACT X 12/01/1993 -11.99 R NR
WIRE LINE LOG DETAILS
¥k NO RECORDS FOUND ****
FIELD MEASUREMENTS
COND pH TEMP NO3 DO
(uS/cm) © (mgl/L) (mg/L)
5 7.2 21.3 3.40

5000 7.0

SPECIAL WATER ANALYSIS

*+% NO RECORDS FOUND ****

PIPE DATE  MEASURE N/R RMK MEAS
(m) TYPE
A 15/01/2014 -10.76 R NR
A 29/06/2014 -11.80 R NR
A 02/022015 -11.10 R NR
A 22/102015 -12.00 R ACT
X 05/02/1994 -13.35 R NR
Eh ALK METH SOURCE
(mv) (mEq)
25 PW GB
BA GB
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User Licence for digital data

Permitted use:

- You may use the supplied data for your own purposes (including supply to consultants for a specific consultancy project for you but the consultants must
return or destroy the supplied data when the project is finished). You must not sell or distribute the supplied data.

- You must display this copyright notice on any copies of the supplied data however altered, reformatted or redisplayed if you supply to a consultant or copy
for back up purposes: “© The State of Queensland (Department Natural Resource and Mines) 2016".

- You may create and distribute hardcopy and digital products based on or containing the supplied data, provided all the following conditions are met:

- You must display this acknowledgment on the product(s): “Based on or contains data provided by the State of Queensland (Department of Natural
Resource and Mines) 2016. In consideration of the State permitting use of this data you acknowledge and agree that the State gives no warranty in relation to
the data (including accuracy, reliability, completeness, currency or suitability) and accepts no liability (including without limitation, liability in negligence) for
any loss, damage or costs (including consequential damage) relating to any use of the data. Data must not be used for direct marketing or be used in breach
of the privacy laws.”

- You must include metadata with the product(s) and the metadata must incorporate as a minimum the metadata supplied with this data.

Obligations:

- You must not use the data for direct marketing or in breach of the privacy laws.
- If you wish to distribute the supplied data you must organise a different licence by contacting the Department (Email: siproductdelivery@dnrm.qgld.gov.au).

Ownership:

The State of Queensland as represented by the Department of Natural Resource and Mines (DNRM) is the owner of the intellectual property rights in and to
the supplied data or has the right to make this supplied data available under licence arrangements.

Disclaimer and indemnity:

You agree to accept all responsibility and risks associated with the use of the supplied data. DNRM makes no representations or warranties in relation to the
supplied data, and, you agree that, to the extent permitted by law, all warranties relating to accuracy, reliability, completeness, currency or suitability for any
particular purpose and all liability for any loss, damage or costs (including consequential damage) incurred in any way (including but not limited to that arising
from negligence) in connection with any use of or reliance on the supplied data are excluded or limited. You agree to continually indemnify the State of
Queensland and DNRM (and their officers and employees) against any loss, cost, expense, damage and liability of any kind (including consequential damage
and liability in negligence) arising directly or indirectly from or related to any claim relating to your use of the supplied data or any product made from the data.

** End of Report. Produced: 17/05/2016 04:44:35 PM ok

61






