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Executive Summary

All the available environmental assessment documents with hydrological information for the
proposed underground mine expansion have been reviewed. In summary, the environmental
assessments are generally of very good quality, however several issues need to be addressed
in my opinion before some predictions and potential impacts can be considered to be
adequately addressed. Specifically, this refers to:

e The high uncertainty surrounding increased groundwater losses from hydraulically
connected streams and potential impacts on the Cataract Dam inflows.

e The lack of testing of the conceptual model through the numerical model. Calibration to
short term pressure heads and poor spatial representation means there is a high risk of
equifinality in explaining the distribution of pressure, and testing multiple hypotheses
within the model is a necessary rectification. This can also be substantially improved
through the collection of various geochemical proxies and associated water quality
information, since this will immediately constrain or dismiss the flow paths within the
existing model.

e The degree of hydraulic connection from the upland swamps, to shallow and deeper
groundwater systems cannot be adequately tested based on the current information,
and it is strongly recommended more appropriate field data is collected before an
informed impact assessment can be made.

Background

Wollongong Coal proposes to extend their long wall operations to both consolidate existing
operations and increase the underground extraction to eight longwalls. | have been briefed by
EDO NSW on behalf of lllawarra Residents for Responsible Mining to conduct an independent
expert review of the relevant sections of the Environmental Impact Statement (EIS), Preferred
Project Report and Response to Submission (RTS), Residual Matters Report, relevant Peer
Reviews, DPE Secretary’s Preliminary Environmental Assessment Report (Secretary’s Report)
and Recommended Conditions of Consent (Conditions), and provide my view of any potential
hydrological and hydrogeological impacts from the mining extension based on this material. |
acknowledge that | have read the Code of Conduct under the UPCR and | agree to be bound by
it.

Existing Peer Reviews

First, | note a number expert reviews corresponding to multiple versions of groundwater and
surface water impact assessments of the proposed expansion. Each of these have provided
comprehensive technical commentary and criticism of all hydrological components, especially
tenuous conceptual interpretation based the available groundwater data and implementation in
the numerical model. | note that many of the technical recommendations are yet to be
addressed in the groundwater assessment.

Additional and complementary comments on hydrology related issues are provided below.

Dam inflows

The EIS notes that the numerical estimates of streamflow losses from streams should be
compared with an analysis of baseflow behaviour based on actual streamflow data. This is also
a recommendation | endorse, and note that such an exercise is necessary before potential
impacts on inflows to Cataract Dam can be properly evaluated (which are currently stated from
the model results alone). As they currently stand, the assessment of potential impacts on
Cataract Dam inflows is very poorly constrained and requires additional work to be considered
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Groundwater Model

In the construction of the groundwater model, the integrity and distribution of the low
permeability aquitards between the fractured sandstone aquifers is of critical importance,
especially in the case of the Bald Hill Claystone as this appears to be the first major vertical flow
boundary. Although the Stanwell Park Claystone is also present at greater depth, the proposed
mining extensions will apparently breach this, therefore removing its ability to act locally as a
confining layer and transport barrier. | am not convinced the existing environmental assessment
(EA) has developed an adequate conceptual model for the likely chain of hydrological impacts
that would occur as a result of the mining extensions. That being said, the model could be used
to test the flow path assumptions that are currently within it. Unfortunately this level of
investigation is not reached in the EA, and therefore many assumptions remain highly uncertain.
Therefore, my strong recommendation would be to use the current numerical model to
interrogate flow path dependence on 1) the timescale for drawdown on the Scarborough
sandstone and associated aquifers, since this appears to have greater pressure head, 2) any
potential preferential flow paths within the Stanwell Park Claystone which may permit transfer
with overlying aquifers, 3) the transition to inflow from the overlying Bulgo sandstone, its degree
of confinement below the Bald Hill Claystone, and the timescales for its drawdown, 4)
preferential or other flow paths through the Bald Hill Claystone (the EA is restricted to known
faults and dykes), and 5) reaction of hydraulically connected surface water features
(disconnected features will theoretically not be impacted by drawdown, as stated in the EA).

Although the numerical model has been conducted according to best practice, and | think the
consultants have done a good job given the data and time constraints, this does not necessarily
render the model useful in capturing the actual flow paths and potential impacts. One important
constraint here is the extremely limited (spatially and temporally) regional piezometer dataset
used to calibrate the model, no long term trends are able to be determined, and even less likely
to be predicted with confidence. None of these measurements are within locations that would
permit the potential flow paths connections between the surface water, shallow groundwater
systems (such as swamps) and deeper aquifers to be confidently established. It is clear that
some thickness of unsaturated zone may exist between shallow and deeper groundwater,
however in loosing systems the hydraulic connection can be abrupt and highly confined
laterally. Therefore if there is no monitoring data within this very small spatial area, the hydraulic
connection will not be captured, and may instead be misinterpreted as disconnected. My
recommendation to the PAC is to allow the collection of more appropriate data to explicitly test
the hydraulic connections and therefore be in a more reasonable position to exclude these
possible misinterpretations.

Upland Swamps

Regarding the potential impact on upland swamps, there also appears to be a lot of qualitative
conjecture using groundwater levels. By this | mean the evidence used to determine whether
surface swamps are or are not likely to be impacted seems to be whether some qualitative
change in the swamp groundwater level can be observed beyond a qualitative comparison of
natural variability, despite constant mine water inflows (Groundwater Assessment and Biosis
Report). This neglects the timescales involved in depressurisation, and is a highly misleading
approach to take. Put simply, just because surface drainage due to drawdown is not
immediately observed, or even observed on the medium term (e.g. over 10 years), does not
mean this will not eventually occur. Surface pressure waves moving across the ocean take
weeks to months to reach a coastline, and they have only water and air to move against. Within
porous media, and a mix of low and high permeability, the propagation of drawdown to the
surface could easily take longer than 10 years, perhaps longer than 30 or 40 years, and beyond
the distances considered in this EA.

Model Testing

A final observation relates to statements above about concerns with the conceptual model. The
conceptual groundwater model implemented in the numerical model could actually be correct,
but there is no way to evaluate this without constraining the actual flow paths by testing multiple
hypotheses. This involves testing hypotheses in the model itself (as previously stated), but also
using complementary methods to interrogate expectations of the conceptual model. The most



obvious and practical method in this case would be to use water quality or geochemistry
(including major element chemistry, basic redox parameters, isotopes, and possibly
groundwater ages), which together offer a simple toolbox of constraints for the poorly
understood flowpaths in the current model. This is an absolute necessity in such a variable
fracture flow system, and my recommendation is for this to be undertaken before the
groundwater assessment can be considered adequate.

Yours Sincerely,

Dr Joshua Larsen
Lecturer
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October 2010 — January 2013: Research Fellow, School of Civil and Environmental
Engineering, University of New South Wales

Visiting student:
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2011 PhD Hydrology, University of Wollongong

2005 BSc (Hons) Geology, University of Wollongong
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ENVM3201 Catchment processes and management (co-ordinator)
GEOS2101 Climatology and hydrology

GEOS2100 Introduction to environmental systems

GEOS3102 Global Change: Problems and Prospects

Research students:

PhD:

Abdollah Jarihani 2013 — present: “Developing Remotely-Sensed Data Approaches to
Predicting Land Cover and Condition Impacts on Hydrological Processes in Data-Poor
Dryland Landscapes”

Ralph Trancoso de Silva 2013 — present: “Spatial and temporal hydrology and vegetation
dynamics throughout Eastern Australia”

Maria Consuelo Santamaria Ferrada 2013 — present “Potential implications of canal estates
function for CO2 and nutrient budgets in coastal systems”

Steven Howell 2014 — present:
Honours:

Cameron Woodruff 2013 — 2014: “ground and surface water interaction across freshwater to
tidal transitions”



Jeda Palmer 2014 “modelling feedbacks between changing organic content and soil
hydrology”

Danielle Uddy 2014 “Improved flood probability assessment through synoptic classification”

Cian Mooney 2014 “streambed biogeochemical consequences of potential sea level rise at
freshwater margins”

Lettitia Sabburg 2014 - present
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