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Peter Dundon & Associates Pty Limited Unit 9, 1051 Pacific Hwy, PYMBLE NSW 2073

ACN 083 246 459 telephone: 02-9440 2666
ABN 27 083 246 459 facsimile: 02-9449 3193

mobile: 0418 476 799
email: pjdundon@ozemail.com.au

4 July 2007

Department of Planning
GPO Box 39
SYDNEY, NSW 2001

Attention: Mr Michael Moore

Dear Michael,

This letter presents the results of additional groundwater modelling carried out following a meeting
with Mr Colin Mackie in our offices on 5 June 2007. We understand that Mr Mackie has been
engaged by the Department to review our April 2007 report (Dundon, 2007).

The meeting with Mr Mackie was arranged at his request to discuss some aspects of our April 2007
report. Most of his questions were resolved in our meeting, but a small number were not fully
resolved in the meeting. Some of the outstanding issues were responded to in an email to Mr
Mackie on 18 June 2007. This report presents our responses to all other matters raised by Mr
Mackie in that meeting or in subsequent emails and/or phone-calls.

Mr Mackie considered that the additional modelling discussed below would be required to assess
the potential impacts of the Moolarben mining proposal in the event that the subsidence failure zone
above the underground mines were to result in direct hydraulic connection up to at least the
predicted maximum height of subsidence fracturing, 122m above the seam extraction zone.

1. Further Groundwater Modelling (MC1.9):

Following the meeting with Mr Mackie on 5 June 2007, I arranged for further modelling of the
potential groundwater impacts of the Moolarben project. This was discussed with Mr Mackie by
phone on 12 June 2007.

For this modelling, we have adopted hydraulic properties for the failure zone that ensure that the
model predicts total depressurization (to zero pore pressure) for at least 122m above the top of the
Ulan seam over the full footprint of the underground mines (Ulan and Moolarben). In our April 2007
report (Dundon, 2007), we presented the results of a model simulation that had this outcome, ie
zero pore pressure to a height of at least 122m above the Ulan seam, for the period up to 2006,
which we referred to in that report as the MC1.6 model Sensitivity Run.

The MC1.6 Sensitivity model run predicted Ulan mine inflow rates and drawdown impacts that were
both significantly greater than the observed inflow rates and drawdown impacts. Accordingly, we
considered that it was not appropriate to use this model to simulate the potential impacts of the
Moolarben mining proposal, as it was incompatible with the results of field testing and the available
UCML monitoring data. We instead used the MC1.6 Base Case model which had given a much
better history match to the recorded Ulan mine inflows and drawdown impacts in both the Triassic
and the Permian.

Mr Mackie indicated in our 5 June 2007 meeting that he considered that the Moolarben impact
simulations should be run with a model which resulted in total depressurization (to zero pore
pressure) up to at least 122m above the Ulan seam, even though the results may be inconsistent
with the observed impacts at Ulan, on the basis that we should be adopting a precautionary
approach to assessment of potential impact.



Peter Dundon and Associates Pty Ltd
_____________________________________________________________________________________________________________________________

0158_L20_D_dop07-07-05.doc 2

This has now been done, using a model setup which we have termed MC1.9. The results of the
MC1.9 modelling are reported in detail in the attached Aquaterra report dated 4 July 2007
(Aquaterra, 2007b). Failure zone properties adopted for model layers 2 to 5 above the Ulan Seam
within the Ulan and Moolarben underground mine footprints were essentially those used in the
previous MC1.6 Sensitivity run, as reported in our April 2007 report (Dundon, 2007). Hydraulic
properties were also adjusted in other parts of the model, in an attempt to obtain a better calibration
with the observed inflows and drawdown impacts at Ulan. The hydraulic properties used in the
MC1.9 modelling are shown in Table 1, with the corresponding parameters used in the previous
MC1.6 Base Case and MC1.6 Sensitivity runs listed for comparison.

Table 1: Adopted Hydraulic Properties – Models MC1.6 and MC1.9

MC1.6 Base Case MC1.6 Sensitivity MC1.9
Layer

Kh (m/d) Kv (m/d) Sy Kh (m/d) Kv (m/d) Sy Kh (m/d) Kv (m/d) Sy

Goaf / Failure Zone:

1 U Triassic 1 1 x 10-3 0.02 1 1 x 10-3 0.02 0.07 7 x 10-5 0.02
2 L Triassic 1 1 x 10-4 0.02 1 0.1 0.02 0.07 0.1 0.02
3 U Permian 0.05/0.06 5 x 10-5 0.01 0.05/0.06 0.1 0.01 0.05/0.06 0.1 0.01
4 M Permian 0.2 1 x 10-4 0.1* 0.2 0.1 0.1* 0.2 0.1 0.01
5 L Permian 10 5 0.1* 10 5 0.1* 10 5 0.01
6 Ulan Seam 10 10 0.1* 10 10 0.1* 10 10 0.01

Outside Mine Footprint (ie un-mined areas):

1 U Triassic 1 1 x 10-3 0.02 1 1 x 10-3 0.02 0.07 7 x 10-5 0.02
2 L Triassic 1 1 x 10-4 0.02 1 1 x 10-4 0.02 0.07 7 x 10-5 0.02
3 U Permian 0.05/0.06 5 x 10-5 0.01 0.05/0.06 5 x 10-5 0.01 0.05/0.06 5 x 10-5 0.01
4 M Permian 0.05/0.06 5 x 10-5 0.01 0.05/0.06 5 x 10-5 0.01 0.05/0.06 5 x 10-5 0.01
5 L Permian 0.05 2.5 x 10-5 0.01 0.05 2.5 x 10-5 0.01 0.05 2.5 x 10-5 0.01
6 Ulan Seam 1 2 x 10-4 0.01 1 2 x 10-4 0.01 0.7 2 x 10-4 0.01

The principal changes adopted relative to the previous MC1.6 Sensitivity model are:

 Horizontal hydraulic conductivity (Kh) of the Triassic (Layers 1 and 2) reduced from 1 m/d
to 0.07 m/d.

 Vertical hydraulic conductivity (Kv) of the Triassic (Layers 1 and 2) reduced to 7 x 10
-5

m/d.
 Specific yield (Sy) of the Permian Layers 4 to 6 retained at the pre-mining value of 0.01

through the entire simulation.

In addition to the above parameter changes, it was necessary to adopt a lower recharge rate for the
Triassic (3.6 mm per year, down from 18.2 mm per year in the MC1.6 model). As the horizontal
permeability of the Triassic is reduced, the recharge rate has to be reduced as well to prevent
groundwater levels mounding as the model simulation proceeds. We consider the adopted
recharge rate of 3.6 mm per year to be at the very low end of the credible range of potential values.

We also consider that, with the MC1.9 subsidence failure zone, it would have been necessary to
reduce the Triassic horizontal permeabilities (Kh) elsewhere in the model to much lower values than
the adopted 0.07 m/d value in order to achieve a satisfactory calibration with the observed
drawdowns in the Triassic around the Ulan mine. However, that would have taken the Triassic Kh
to values that are incompatible with the Kh values determined from pumping tests and falling head
tests, and in our opinion could not be justified.

These constraints on the Triassic recharge rate and horizontal permeability have limited our ability
to achieve a satisfactorily calibrated MC1.9 model. The model parameters and recharge rate
adopted for the MC1.9 modelling have resulted in a satisfactory match to Ulan mine inflow rates,
but predicted drawdowns at the locations of UCML monitoring piezometers are much greater than
the actual observed drawdowns to 2006, although they are less extreme than those predicted by
the MC1.6 Sensitivity run.

The results of the new simulation in general involve lower inflow rates, larger drawdown impacts in
the upper Triassic, lower Triassic and upper Permian layers, but slightly less drawdown in the
middle and lower Permian and the Ulan Seam layers, relative to the MC1.6 Base Case. The
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greater drawdown impact on the Triassic layers in the MC1.9 model is an expected consequence of
the increase in vertical hydraulic conductivity up to and including the lower Triassic layer. The
reduced inflow rates result from the combined effects of lower vertical hydraulic conductivity
assumed for Layers 1 and 2, and the reduced recharge rate.

The predicted inflow rates using the MC1.9 model are summarized for the key components of
interest (ie Ulan underground mine, Moolarben underground mine and Moolarben open cuts) in
Figure 1. The full results are presented in the Aquaterra report (Aquaterra, 2007b).

It is seen from Figure 1 that the inflow rate to the Ulan underground mine is lower than that
predicted in the MC1.6 Base Case model, with the inflow rate at 2006 predicted to be 8.2 ML/d,
compared with 12.1 ML/d predicted by the MC1.6 Base Case model and 20 ML/d with the MC1.6
Sensitivity model. The reported actual inflow rate at November 2006 was 8.9 ML/d (Umwelt, 2007).

Likewise, the predicted life of mine inflow rates to the Moolarben underground are also lower in the
MC1.9 model compared with the previous MC1.6 model. The Moolarben underground inflow rate is
predicted to be higher in Years 1 and 2, but thereafter will be less than predicted by the MC1.6
model, and will be significantly lower overall. Inflow rate to the Moolarben underground mine is
predicted to peak at 6.4 ML/d in Year 1, but thereafter would not exceed 5 ML/d.

Figure 1 Predicted mine dewatering rates - MC1.9 Surfact
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[Note that the inflow rates in Figure 1 above are derived from the final time step in each stress
period, the same basis as presented in our previous reports. It is acknowledged that the rates
derived from the final time step are lower than the average rates of inflow that would apply during
the entire stress period. However, model software limitations do not permit separate average inflow
rates for each mine entity to be extracted from the model output files, only the total of all drain cells
within the model.

For the period up to the end of 2006, when only Ulan mine is operating, it is possible to make a
reliable adjustment to the total drain discharge data from the model output file to exclude the creek
drain discharges. However, from 2007, the drain discharges include several components:

 Dewatering inflows to Ulan underground mine;
 Dewatering inflows to Moolarben underground mine;
 Dewatering inflows to the Moolarben open cuts;
 Dewatering inflows to Wilpinjong open cuts; and
 All creeks which have been designated as drain cells in the model,

and it is not practically possible to separately extract cumulative discharges for each of these
elements, other than by reference to the time step mass balance data.
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The adoption of inflow rates based on the final time step in each stress period will mean that the
reported inflow rate is lower than the average model inflow rate, by around 10% based on the
figures up to 2006 (refer the attachment to my email dated 18 June 2007). However, it should be
remembered that the understatement of inflows would also apply to the calibration (Ulan to 2006)
not just to the prediction phase (Moolarben + Ulan + Wilpinjong from 2007). Since the final time
step predicted inflow rates have been calibrated against the observed inflow rates, the predicted
inflow rates in the Moolarben mining period, as we have reported them, are reliable as indicators of
the actual inflow rates to be expected.]

The predicted cumulative impacts on groundwater levels regionally of the three coal mining projects
(Ulan, Moolarben and Wilpinjong) are best illustrated by the plots of water level and drawdown
contours presented in the Aquaterra report as Figures 3.2 to 3.25 (Aquaterra, 2007b).

These contour plots show that the regional impacts within the Permian aquifers will be quite
regionally extensive, with drawdowns of 1m or more predicted at a distance of about 22-23 km to
the east of Moolarben in the Ulan Seam and the other Permian layers by 2021, the completion of
Moolarben mining (Aquaterra Figures 3.22 to 3.25). However, reference to Figures 3.9 to 3.12
(Aquaterra, 2007b) show that drawdowns of 1m or more are predicted to have already extended to
at least 20km in the Permian layers by 2006, prior to the commencement of the Moolarben project.
Hence the predicted additional regional impact due to the Moolarben project alone is small
compared with the existing impact from historical coal mining at Ulan.

The predicted regional impacts in the Permian with the MC1.9 model (Figures 3.22 to 3.25 in
Aquaterra, 2007b) are not significantly different to those predicted by the MC1.6 model (Figures
3.22 to 3.25 in Aquaterra, 2007a). However, with MC1.9, drawdowns are predicted to be greater in
the Triassic than with MC1.6 (compare Figures 3.20 and 3.21 in Aquaterra, 2007b with the
corresponding Figures 3.20 and 3.21 in Aquaterra, 2007a). This is to be expected, as we assigned
high vertical permeability to the Lower Triassic as well as all Permian layers within the failure zones
above the underground mines, in order to achieve total depressurization to higher elevations above
the Ulan seam, to comply with the Mr Mackie’s request for a precautionary approach to be followed.

Hydrographs for key monitoring bores are presented as Figures 3.26 to 3.28 in the attached report
(Aquaterra, 2007b). They show a comparison of the water level trends at selected piezometers
predicted by the MC1.6 Base Case, MC1.6 Sensitivity Run and MC1.9 models, together with
observed water levels where available. The hydrographs on Figures 3.26 and 3.27 show that the
MC1.9 model is predicting drawdown impacts in the Triassic that are greater than predicted by the
MC1.6 Base Case, but less severe than those predicted by the MC1.6 Sensitivity Run. All three
model runs predict drawdowns in the Triassic to the end of 2006 greater than observed drawdowns.

Long term hydrographs are also plotted for selected bores on Figure 3.28 (Aquaterra, 2007b).
These show that much greater drawdowns are predicted for the Ulan Seam close to the Ulan mine
(eg PZ04) compared with drawdowns predicted to the east of Moolarben (eg PZ104). Both
hydrographs show similar predicted total drawdown with both MC1.9 and MC1.6 by the end of
Moolarben mining in 2021, but faster post-mining recovery rates with the MC1.9 model.

However, MC1.9 predicts larger overall drawdowns in the Triassic than MC1.6, and a similar lagged
recovery post-mining (Figure 3.28 in Aquaterra, 2007b).

The main features of the MC1.9 model that differ from the earlier MC1.6 Base Case and Sensitivity
modelling are summarised in Table 2.
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Table 2: Summary Comparisons – MC1.6 and MC1.9

Feature Actual
MC1.6 Base

Case
MC1.6

Sensitivity Run
MC1.9

Input Parameters:

Failure Zone 1.0 1.0 0.07
Triassic Kh

Unmined Areas

Field test results –
range 0.01 - 1.1 m/d;
mean 0.3 m/d* 1.0 1.0 0.07

Failure Zone 1 x 10-3 m/d 1 x 10-3 m/d 1 x 10-5 m/d
Layer 1

Unmined Areas
-

1 x 10-3 m/d 1 x 10-3 m/d 1 x 10-5 m/d

Failure Zone 1 x 10-4 m/d 0.1 0.1
Triassic Kv

Layer 2
Unmined Areas

Lab test results –
range 2.0 - 11 x 10-6 m/d;
mean 5.1 x 10-6 m/d 1 x 10-4 m/d 1 x 10-4 m/d 1 x 10-5 m/d

Recharge rate to Triassic 18.2 mm/yr 18.2 mm/yr 3.6 mm/yr

Outcomes:
Zero pore pressure to at least 122m
above Ulan Seam in failure zone over
entire mine footprint

No Yes Yes

Predicted Ulan mine inflows at end
2006

8.9 ML/d (Umwelt, 2007) 12.1 ML/d 20+ ML/d 8.2 ML/d

PZ01A 0.0 m 1.25 m 3.2 m 1.0 m

PZ04A 1.6 m 2.4 m 17.6 m 7.0 m

R753A 0.0 m 2.2 m 10.4 m 3.4 m

R755A 0.5 m 2.2 m 13.3 m 4.1 m

Elward N Bore 0.1 m 6.7 m 30.3 m 25.2 m

Predicted
drawdown
to end
2005

Imrie Bore 0.0 m 0.2 m 0.3 m 0.75 m

The MC1.6 model produced the best match to the historical inflow and water level data from the
Ulan mining operation. This model did not generate total depressurisation (ie zero pore pressures)
of the failure zone above the extraction areas all the way up to at least 122 m above the Ulan seam
over the full mine footprint. Rather, it achieved full depressurisation to Layer 5 (50m above Ulan
seam) over the entire mine footprint, to Layer 4 (75m above the seam) over at least 95% of the
mine footprint, to Layer 3 (100m above the seam) over about 70% of the mine footprint, and to
Layer 2 (at least 125m above the seam) over about 30% of the mine footprint.

The MC1.6 Sensitivity Run model did achieve total depressurisation up to the top of Layer 2, the
Lower Triassic, ie to at least 122m above the Ulan seam, over the entire Ulan underground mine
footprint. However, it resulted in predicted inflows and drawdowns that are both much greater than
those observed. The inflow rates and drawdown predictions from the MC1.6 Sensitivity run were
considered unrealistic, and we stated in our April 2007 report (Dundon, 2007) that it would be
inappropriate to use this model as a basis for predicting future impacts from the proposed
Moolarben UG4 underground mine.

The MC1.9 model has come about through an attempt to achieve a better calibration with the Ulan
historical impacts, while still achieving total depressurisation up to at least 122m above the Ulan
seam, as considered necessary by Mr Mackie. An acceptable calibration of both inflow rates and
drawdown impacts has not been possible. The adopted MC1.9 model does achieve a good
correlation between the predicted inflow rate and the recorded inflow rate at Ulan in late 2006.
However, the predicted drawdowns are still substantially greater than the observed drawdowns.

To reach this point, it has been necessary to significantly reduce the horizontal and vertical
permeabilities in the Triassic and also the Triassic recharge rate to values at the low ends of the
credible ranges for those parameters. To have taken them further to achieve a satisfactory
drawdown calibration would have required us to take both permeability and recharge in the Triassic
to levels beyond what we consider to be credible.

Lower drawdown impacts could be achieved by further reducing the horizontal permeability (Kh) in
the Triassic, however it would then be incompatible with the results of field testing. The only
possible way that a lower Kh could be countenanced for the model would be to assume that major
barrier boundaries exist within the Triassic that effectively compartmentalise the model and thereby
limit the regional extent of drawdown impact. This would equate to an apparent lower Kh.
However, there is no direct evidence for the existence of either full or partial barrier boundaries,
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only the indirect evidence of limited drawdown impacts from Ulan’s mine dewatering. There is also
no evidence to suggest where such boundaries may be located.

In the absence of any direct evidence for either the existence or location of barrier boundaries, it
would not be appropriate to assume their existence in the model. Accordingly, we do not consider it
would be valid to further reduce the horizontal permeability of the Triassic.

In conclusion, we consider that the model that best matches the available monitoring data and field
testing results is the MC1.6 Base Case model, which was the basis of our April 2007 report.
Despite the reported presence of fracturing extending well beyond 122m above the Ulan seam,
there is no evidence that this fracturing is accompanied by continuous hydraulic interconnection to
the full height of observed fracturing (see Section 2 below). Nevertheless, in order to satisfy the
suggestion from Mr Mackie to adopt a precautionary approach, we have carried out the MC1.9
modelling which meets that objective, and it produces predicted impacts that are not compatible
with the observed drawdown impacts from the Ulan mining operation.

The full results of the MC1.9 modelling are detailed in the attached Aquaterra report.

It should be noted that the MC1.9 model has not attempted to optimise the relative water
contributions to project water supply from mine inflows and pumping from the water supply/
dewatering bores. As discussed in the footnote to Table 7 in our April 2007 report (Dundon, 2007),
the bore pumping and mine inflows are not mutually independent, and it requires an iterative
approach to optimising the relative contributions. For the MC1.9 modelling, bore pumping rates
were selected on the basis of the deficits/surpluses between mine inflows and water demand
derived from the MC1.6 model. In some years, this has resulted in a water supply deficit in the
MC1.9 model. Additional pumping would be required in those years to meet the water demand.

As the objective of the MC1.9 modelling was to assess the impacts of a fully depressurised failure
zone to at least 122m, we have not attempted to optimise water inflows and bore pumping to match
the project water demand. We believe that the impacts would not be materially different for a fully
optimised model run.

2. Results from Drilling of PZ27 above UCML’s Longwall Panel 12.

Mr Mackie has kindly obtained information from UCML relating to a bore drilled above their longwall
panel 12. He advised by email on 18 June 2007:

“There is a borehole drilled over Panel 12 at Ulan in January this year. I requested and
received further information to see if it can assist you.

The hole is PZ27 (MGA 759148E, 6433179N, 533.31 mAHD). It was apparently drilled to
explore the piezometric surface above goaf. However drilling could not proceed beyond 57m
due to fracturing and loss of circulation in the Triassic - the hole is dry. The site geologist
expected dampness or some water in the Jurassic and groundwater in the Triassic. The depth
of cover over seam at this location is about 210m.

There were concerns about connectivity to goaf but connectivity could not be firmly established
(gas checks indicated no CO2 or CH4). The hole has been flange capped. Another risk
assessment will have to be completed if drilling is to progress at some later date.”

We consider the information provided by UCML per Mr Mackie to be inconclusive. At the location
where PZ27 was drilled (Figure 2) I would expect a hole to be dry to the depth it was drilled (ie 57m
deep from a surface elevation of 533.31 mAHD) based on the known groundwater levels in other
Triassic piezometers. A perched aquifer in the Jurassic might be possible, or even in the Triassic,
but the elevation of the base of the hole (ie 533 - 57 = 476 mAHD) is more than 30m higher than
the highest water level in the Triassic that we are aware of (Figure 3).
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HYDROGRAPHS - UCML BORES - Triassic Piezometers

360

380

400

420

440

460

480

Jan-1996 Jan-1997 Jan-1998 Jan-1999 Jan-2000 Jan-2001 Jan-2002 Jan-2003 Jan-2004 Jan-2005 Jan-2006 Jan-2007 Jan-2008

W
a
te

r
L

e
v

e
l

(m
A

H
D

)

PZ01A (Upper Triassic)

PZ04A (Upper Triassic)

R753A (Upper Triassic)

R755A (Upper Triassic)

PZ06C (Lower Triassic)

PZ07C (Lower Triassic)

PZ08C (Lower Triassic)

PZ09C (Lower Triassic)

PZ10A (Triassic)

Elward-North Bore (Lower Triassic)

Imrie Bore (Lower Triassic)

Kierens Bore (Triassic)

DDH242 - Upper Triassic 1

DDH242 - Upper Triassic 2

DDH242 - Lower Triassic

R855 - Upper Triassic 1

R855 - Upper Triassic 2

R855 - Upper PCM

PZ27 (TD of hole)

R855 - U Permian

R855 - U Triassic 2

R855 - U Triassic 1

DDH242 - L Triassic

DDH242 - U Triassic

PZ27 - TD of hole

Figure 3: Base of PZ27 Relative to Triassic Groundwater Levels in UCML Piezometers

We have also plotted PZ27 on the published Durridgere 1:25,000 topographic map using the MGA
coordinates provided in Mr Mackie’s email. From this plan, it appears that the bore was drilled on
top of an escarpment, with the edge of the scarp about 80m away, and the surface elevation then
drops rapidly to below 470mAHD. The 470m contour is just 180m from the bore site (Figure 4).
The proximity to the scarp may be a contributing factor to the presence of fracturing below 52m
reported by the driller.

Figure 4: Location of UCML PZ27 Plotted on Durridgere 1:25,000 Topography Map

3. Mine Inflow / Dewatering Rates – Cumulative Drain Fluxes

Mr Mackie requested us to provide cumulative mine drain fluxes for the model runs, as he considers
this to be more reliable as a forecaster of mine inflow rates than use of the average rates from the
final time step in each stress period, as we have been reporting.

We forwarded to Mr Mackie by email dated 18 June 2007 a comparison of the cumulative mine
drain flux and that derived from the final time step average fluxes for the MC1.6 Base Case model
simulation for the Ulan calibration phase (up to 2006).
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As indicated earlier in this letter, the cumulative mine drain flux is not able to be directly extracted
from the model output file, as the output file provides a cumulative flux only for the total of all drain
discharges. It is necessary to correct for the other drain flux components included in the total. In
the case of the calibration phase of the MC1.6 model, it was relatively easy to make the correction,
as there were only two components in the drain flux, viz Ulan underground mine drains and some
sections of the creek system which had been defined as drains in the model.

The adjusted data supplied by email on 18 June 2006 is believed to be reliable data relating to the
Ulan mine inflows during the calibration phase. It shows that using the final time step data may
lead to an understatement of the average mine inflow rates by up to about 10%. However, this
understatement applies to both the calibration and the prediction phases of the modelling. Hence,
because the model has been calibrated using the final time step data, it is considered appropriate to
also use the final time step data in the simulation runs.

From 2007 in the model simulation, there are several components contributing to the total drain
fluxes, including the Ulan and Moolarben underground mines, Moolarben open cut mines,
Wilpinjong open cut mine, and the drain-defined creeks. With so many contributing components, it
is not possible to readily isolate the Moolarben mine drain inflows from the total, as the modelling
software does not allow zone budgeting in the output file. The only way that the individual
components of the total drain flux could be segregated would be to extract the data manually from
the mass balance file at the end of each time step, which is not practically possible in this instance
due to the sheer size of the output data files. [Files containing only the final time step data from
each stress period range from 140MB to over 400 MB.]

4. References

Aquaterra, 2007a. Moolarben Coal Mines, Groundwater Modelling MC1.6. Dated April 2007.

Aquaterra, 2007b. Moolarben Coal Mines, Groundwater Modelling MC1.9. Dated 4 July 2007.

Peter Dundon and Associates Pty Ltd, 2007. Moolarben Coal Project – Groundwater
Assessment. April 2007 Report. Dated 19 April 2007.

I trust that the above provides sufficient information to allow Mr Mackie to complete his assessment
of our April 2007 report for the Department of Planning. Please do not hesitate to call if there is a
need to discuss or clarify any aspect of this letter.

Regards

Peter Dundon
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EXECUTIVE SUMMARY 
 
 

F:\Jobs\A37\B1\600_reports\R030c.doc ES-1  

This brief report presents information on further updates to and refined predictions of the Moolarben Coal 

groundwater flow model.  The previous model was version MC1.6 (Aquaterra, 2007), and this report details 

refinements for the latest model version MC1.9.  Full documentation on the model development is provided 

in various Aquaterra reports listed in the references.  The refinements relate mainly to the representation of 

the underground mine subsidence failure regime and related depressurisation/dewatering processes and 

effects.  There have been no model refinements regarding open cut operations. 

As for the previous work (MC1.6, Aquaterra, 2007), the refined modelling has been carried out utilising the 

Surfact package, and the refinements are designed to address: 

• Extending the underground mine failure subsidence zone upwards to include the Lower Triassic 

at Ulan and Moolarben for all model runs, 

• Re-calibrating model aquifer parameters to ensure complete desaturation is achieved within the 

subsidence failure zone footprint.  

• Refining other model aquifer parameters and recharge to ensure the model still calibrates 

satisfactorily to Ulan dewatering data with incorporation of the enhanced failure zone regime. 

The MC1.9 model has been calibrated (history-matched) to reported dewatering inflows at Ulan and 

measured water levels in monitoring bores screened in the Triassic and Permian aquifers across the study 

area.  Simulated inflows to Ulan in 1987 are about 2ML/d, increasing to about 8.2ML/d in 2006, compared to 

the reported inflows of 3ML/d in 1987 and 9ML/d in November 2006.  

The model performance is evaluated by the scaled RMS error term, a measure of the difference between 

measured and modelled water levels.  The scaled RMS across about 60 bores amounts to 9% at 2006, 

within the target guideline of 5% to 10%.  The MC1.9 predictions of water levels in most Triassic bores does 

not provide as good a match as the MC1.6 model to the measured water levels, due to the effect of 

extending the failure zone to shallow elevations in the Triassic aquifer for the MC1.9 model.  The MC1.6 

model is considered by Aquaterra to provide a better predictive modelling tool than MC1.9. 

The MC1.9 model predictions of Moolarben dewatering and water supply abstractions (open cut plus 

underground plus wells, and for the instantaneous rates at the end of each stress period) range up to 

6.4ML/d.  This is slightly in excess of mine demands and consistent with the previous MC1.6 prediction.   

Predicted drawdown effects from 2006 to 2021 in the lower Permian aquifer range up to 100m in the 

immediate area of the underground mine footprints at Ulan and Moolarben due to the cumulative impacts of 

mining at Moolarben, Ulan and Wilpinjong.  Predicted drawdowns in the Upper Triassic aquifer from 2006 to 

2021 amount to about 40m at Ulan, which is significantly greater than the 5m drawdown predicted by the 

MC1.6 model, and due to extension of the failure zone to higher levels. Drawdown is still predicted to be less 

than 1m close to Moolarben. The cumulative impacts of dewatering on the Goulburn River are considered to 

be small by 2021.   
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SECTION 1  -  INTRODUCTION 

This report presents information on refinements to the groundwater flow model for the Moolarben Coal 

project to supplement the previous modelling studies (Aquaterra, 2006a, 2006b, 2007).   

Further modelling has been undertaken during June 2007, involving simulation of the Moolarben proposal 

with hydraulic parameters such that the model induces total depressurisation (zero pore pressures) up to at 

least 122m above the Ulan seam within the entire mine footprints of Ulan and Moolarben underground 

mines.  This has been undertaken to adopt a precautionary approach in accordance with comments raised 

by Mr Mackie in response to earlier modelling.  We understand that Mr Mackie has been engaged by the 

Department of Planning to review the April 2007 report of Peter Dundon and Associates (2007), including our 

report on modelling using the previous MC1.6 model (Aquaterra, 2007) which was appended thereto. 

This report details refinements made to the MC1.6 model in order to develop the MC1.9 model version.  It 

does not include background information on the model fundamentals, model refinements and benchmarking 

undertaken previously as it is documented comprehensively in previous reports (Aquaterra, 2006a,b, 2007;  

Peter Dundon and Associates, 2006 and 2007). 
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SECTION 2  -  MOOLARBEN COAL MODEL REFINEMENTS (MC1.9) 

2.1 FAILURE ZONE REPRESENTATION 

The previous MC1.6 model included subsidence failure zones associated with underground mining at Ulan 

and Moolarben Underground 4 (UG4). These fracture zones are represented in the model by increasing the 

horizontal hydraulic conductivity (Kh), vertical hydraulic conductivity (Kv) and specific yield (Sy) above the 

mine footprint as underground mining progresses.  For the MC1.6 model, the fracture zone extended up to 

the Mid-Permian (Layer 4), and it did not show complete de-saturation of all aquifer layers over the mine 

footprint zone at Ulan and UG4 during mine dewatering.  The model has now been configured to ensure 

complete de-saturation up to at least 122m above the Ulan seam across the entire footprint above the mined 

coal panels.  The MC1.9 model therefore applies failure zone parameters to all layers from Ulan Seam up to 

the Lower Triassic, ensuring complete de-saturation in these layers. 

2.2 MC1.9 MODEL REFINEMENTS 

The issues and the solutions applied in developing the MC1.9 model version are described below. 

2.2.1 Computer Code 

Consistent with previous work (Aquaterra, 2007), the MC1.9 model version continues to use the Modflow-

Surfact code.    

2.2.2 Subsidence Failure Regime  

The Lower Permian (layer 5) and the Ulan Seam (layer 6) Kh and Kv parameters of the failure zone remain 

unchanged from the MC1.6 model.  Subsidence failure zones associated with underground mining at Ulan 

and Moolarben UG4 are again invoked for all model runs with the latest MC1.9 model, with the following 

refinements/changes (aquifer parameters are summarised in Table 2.1): 

• The failure zone has been extended upward over the underground mine footprint to include the Mid- 

and Upper-Permian (layers 4 and 3), and the Lower Triassic (layer 2).  The horizontal hydraulic 

conductivity (Kh) in layers 4, 3 and 2 remain unchanged (ie. do not increase as underground mining 

operations progress), but the vertical hydraulic conductivity (Kv) values were increased (using the 

time-slice arrangement described previously  (Aquaterra, 2007) to allow complete de-saturation of the 

aquifer through the failure zone: 

o Mid Permian (layer 4) Kv value was increased from 1e-4 m/d to 1e-1 m/d.   

o Upper Permian (layer 3) Kv value was increased from 5e-5 m/d to 1e-1 m/d.   

o Lower Triassic (layer 2) Kv value was increased from 7e-5 m/d to 1e-1 m/d.  

• Revoking the approach applied to the MC1.6 model of increasing the specific yield (Sy) value from 

0.01 to 0.1 for the Ulan Seam (layer 6) in the failure zone footprint on a time-lagged basis as the 

underground mining operations progressed.  In MC1.9, the Sy remains unchanged through the 

mining phase of the simulation. 

Note that the MC1.6 model invoked changes to the horizontal and vertical hydraulic conductivity parameters 

to only Layer 6 (Ulan Coal seam), and the overlying Layers 5 and 4 (the Lower and Mid-Permian 
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overburden). This represented a failure zone with total depressurisation to a height of at least 75m, with 

some depressurisation to higher levels, but not over the total mine footprints.  By increasing the failure 

regime upward to include the Lower Triassic in the MC1.9 model, the failure zone depth extends to at least 

122 m across the entire Ulan and UG4 footprints. 

2.2.3 Model Parameter Changes with Time 

The Surfact code has again been applied in the MC1.9 model using the same “time slices” as the MC1.6 

model (Aquaterra, 2007) of generally 6 years duration for the period up to 2006, and 4 years duration for the 

prediction period from the start of Moolarben (2007) to the end of mining at Wilpinjong (2027).  This allows 

for specified aquifer parameters to change with time to represent underground mining and the expansion of 

the subsidence failure zone as mining progresses.  The final water level conditions from the each time slice 

were specified as the initial conditions for the subsequent time slice. 

2.2.4 Model Parameters and Recharge 

Previously, a sensitivity run was undertaken with the MC1.6 model (Aquaterra, 2007) to extend failure zone 

properties at Ulan through the Lower Triassic by increasing the vertical hydraulic conductivity (Kv) value to 

1e-1 m/d.  As a result, and without any other changes to the MC1.6 calibrated model parameters, the MC1.6 

model predicted an inflow rate to Ulan underground at 2006 of 20 ML/d (compared to the calibrated (history 

match) model value of about 12 ML/d).  In addition, the predicted drawdown in the Upper Triassic (layer 1) 

aquifer over the Ulan footprint increased to about 20 metres at 2006 (compared to the history match model 

prediction of about 2 m).  The Lower Triassic aquifer drawdown prediction was even greater (refer to figures 

presented later in this report and Figures 3.29 and 3.30 from the previous MC1.6 (Aquaterra, 2007) report).    

The above failure zone arrangement has been applied to the latest (MC1.9) model as a basic assumption, 

and that the aquifer parameters should be adjusted to again achieve a history match to dewatering 

operations at Ulan.  With the failure zone setup as described above, the following additional changes to 

model parameters have been made to the MC1.9 model to achieve a reasonable match to observed 

drawdown and dewatering rates at Ulan: 

• Upper Triassic (layer 1) and Lower Triassic (layer 2) Kh reduced to 0.07 m/d (from 1 m/d) to help 

reduce the lateral inflow to the failure zone footprint once mining operations commenced. 

• Upper Triassic (layer 1) and Lower Triassic (layer 2) Kv reduced to a common value of 7e-5 m/d 

(from 1e-3 m/d  for layer 1) and 1e-4 m/d for layer 2.  This change was necessary to further 

decrease the hydraulic connection between the Triassic and Lower Permian layers to achieve a 

rough match to the minimal drawdown impacts that are observed in the Triassic during dewatering 

periods at Ulan. 

• Recharge to the Triassic Formation is reduced to 3.6 mm/yr (from 18.2 mm/year).  A reduction to 

recharge was necessary to not only maintain a reasonable match to observed water levels in the 

Triassic (a reduction in the Kh of the Triassic causes modelled water levels to be too high without a 

concomitant reduction to recharge), and to also match the reported dewatering rates at Ulan in 2006. 



 
Moolarben Coal Model Refinements (MC1.9) 

 
 

F:\Jobs\A37\B1\600_reports\R030c.doc Page 4  

The recharge rates to other units in the MC1.9 model (see Attachment A) remain unchanged from 

the MC1.6 model. 

•  Ulan Seam (layer 6) Kh reduced to 0.7 m/d (from 1 m/d) to help reduce the lateral inflow component 

to the failure zone footprint once mining operations commenced. 

Table 2.1 

Moolarben Coal model aquifer parameters (MC1.9 Surfact) 
Main 

Model 
Layer 

Kh Kv 
Unconfined  

Sy 
Confined 

S 

MC1.6 

Aquifer or 
Aquitard Unit 

(m/d) (m/d) (-) (-) 

1 & 3 

 

 

 

3, 5 & 6 

Alluvial deposits 
(Goulburn River and 
other minor creeks) 

 

Alluvial Deposits 
(Moolarben Ck)  

1.0  to  1.5 

 

0.7 

1.0e-3  to  7.0e-3 
(1.5e-1 at Wilpinjong) 

 

7.0e-2 

0.20 n/a 

3 Palaeochannels 1.0 to 1.5 
1.5.e-1 

(5.e-3 at Wilpinjong) 
0.20 5.0e-5 

1 
Narrabeen Group  

(Upper Triassic) * 
0.07 7.0e-5 0.02 5.0e-5 

2 
Narrabeen Group  

(Lower Triassic) 
0.07 

7.0e-5 
(Failure Zone = 1.0e-1) 

0.02 5.0e-5 

3 
Upper Permian  

Illawarra Coal 
Measures 

5.0e-2  to  6.0e-2 
(Failure Zone=no change) 

5.0e-5 
(Failure Zone = 1.0e-1) 

0.01 5.0e-5 

4 
Mid-Permian  

Illawarra Coal 
Measures 

5.0e-2  to  6.0e-2 
(Failure Zone = 2.0e-1) 

5.0e-5 
(Failure Zone = 1.0e-1) 

0.01 

 
5.0e-5 

5,  6(part) 
Lower Permian 

Illawarra Coal 
Measures 

5.0e-2  

(0.01 Murragamba Ck 
area) 

(Failure Zone = 10.0) 

2.5e-5 
(1.0e-4 Murragamba Ck 

area) 

(failure zone = 5.0) 

0.01 
 

 

5.0e-5 

6 Ulan Coal Seam 
0.7 

(Failure Zone = 10.0) 

2.0e-4 
(failure zone = 10.0) 

0.01 

 
5.0e-5 

7,  6(part) 
Marrangaroo 
Conglomerate and 
Nile Sub-Group 

1.0 2.5e-6 to 1.0e-5 0.01 5.0e-5 

6 Basement (granites 
and metamorphics) 1.0e-4 1.2e-5 0.05 5.0e-5 

* Includes overlying Jurassic sediments 

Attachment A presents plots of calibrated aquifer parameters for each layer, and Table 2.1 presents a 

summary of the basic calibrated aquifer parameter values for the MC1.9 model.  In certain specific areas, 

aquifer parameters were varied from the basic values listed in Table 2.1: 

• Kh and Kv values of 10 m/d were applied to the Ulan open cut areas after decommissioning, and Sy 

values of 0.10 were applied (i.e. consistent with the underground failure zone parameters). 
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• The open cut areas at Moolarben and Wilpinjong are mostly backfilled after mining, and it was 

assumed that the backfill parameters are consistent with the original aquifer parameters, except for 

remnant pit void areas, which have Kh and Kv values of 1,000 m/d and a Sy value of 0.99 specified. 

All other MC1.9 model features, parameters and boundary conditions which include drain and well features, 

model extent and external boundary conditions (i.e. General Head Boundaries) remain unchanged from the 

MC1.6 model. 
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SECTION 3  -  MC1.9 MODEL PREDICTIONS 

3.1 HISTORY MATCH TO ULAN MINING OPERATIONS 

With the parameter changes described above, the MC1.9 model was run for the calibration period from 1987 

to 2006, with the Ulan dewatering operation active and the failure zones invoked in the model, progressing 

with mine development.  To set the initial conditions for the calibration run, a steady state (or “long term 

average”) run was completed, with dewatering active for the two open cut mine areas at Ulan.  In summary, 

and as shown in Figures 3.1 to 3.28, an acceptable history match was achieved in terms of inflow rates, 

however predicted drawdown impacts are still significantly greater than observed drawdowns: 

• Ulan dewatering at 1987 was reportedly about 3 ML/d, compared to the MC1.9 model result of about 

2 ML/d. 

• Ulan dewatering at November 2006 was reportedly about 8.9 ML/d, compared to the MC1.9 model 

result of 8.2 ML/d (Figure 3.1), which is actually a better match than the previous MC1.6 model result 

of just over 12 ML/d. 

• The scaled RMS error is 9.0% at 2006, which is practically unchanged from the 8.9% value achieved 

for the MC1.6 model version model (Aquaterra, 2007);  the target is 5% to 10%, consistent with best 

practice (MDBC, 2001). 

• The Ulan Seam (Layer 6) is fully dewatered to the specified drain elevation, 1m above the base of 

Layer 6 across the entire Ulan underground (Figure 3.7). 

• The Lower Permian aquifer (Layer 5) is drained for the entire Ulan underground footprint.  The Mid 

Permian and Upper Permian (Layers 4 and 3) are now also fully drained over the mine footprint, 

whereas the MC1.6 model showed the Permian layers were mostly drained above the mine footprint 

(Figures 3.4 to 3.6).  

• The Lower Triassic (layer 2) aquifer directly above the Ulan underground is predicted to be fully 

drained over the mine footprint and with much larger regional drawdowns (up to 40m)  than predicted 

by the MC1.6 model (up to 11m). – refer to contour plan of drawdown (Figure 3.9), and water level 

hydrographs (Figures 3.26 and 3.27).  The effect of Ulan dewatering extends to the northern end of 

the Moolarben UG4 footprint, where the model predicts that drawdowns of 2m+ should have 

occurred in the Lower Triassic aquifer on the southern side of the Goulburn River by 2006 (Figure 

3.9).  This is not consistent with observed water level impacts. 

• The Upper Triassic (layer 1) aquifer directly above the Ulan underground is predicted to have water 

levels affected by drawdown in excess of 5 metres at 2006 (contour plan of drawdown at Figure 3.8, 

and water level hydrographs of Figures 3.26 and 3.27), whereas the previous MC1.6 model 

predicted maximum drawdowns of around 2 to 3 metres.  Predicted drawdown close to Moolarben 

UG4 reduces to less than 1m at 2006. No impacts south of the Goulburn River are predicted, which 

is consistent with the absence of the Upper Triassic aquifer above Moolarben UG4. 
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• The modelled versus observed Triassic aquifer levels are displayed in Figures 3.26 to 3.27.  The 

MC1.9 modelled water levels are compared to the previous MC1.6 basecase and the MC1.6 

sensitivity scenario.  Overall, the  MC1.9 model predicts greater drawdown responses than the 

previous MC1.6 basecase, but less than the MC1.6 Sensitivity run.  For comparison purposes, the 

modelled MC1.6 sensitivity hydrographs represent the model response when only the enhanced 

failure zone is added to the model, and no other parameter values are changed.  The difference 

between the MC1.6 sensitivity scenario and MC1.9 results are due to re-calibration efforts for other 

MC1.9 model parameters (i.e. recharge, regional Kh and Kv) to improve the overall model match to 

field observations (dewatering rates and measured water levels). 

• Drawdown at Ulan in the Permian aquifer (layers 3 to 6) at 2006 is predicted to increase with depth, 

from more than 40 metres in the Upper Permian to more than 100 metres in the Lower Permian, and 

increasing to about 140 metres in the Ulan Seam (Figures 3.10 to 3.13). 

Figure 3.1   Predicted mine dewatering rates - MC1.9 Surfact
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The saw-tooth shape of the plot of Ulan inflows in Figure 3.1, showing initial sharp rises at the start of each 

time slice, is due to the invoking of failure zone parameters for the area of active underground mining for that 

time slice.  In other words, the peak rates are an over-estimate of the expected inflows, as the model adjusts 

to the new parameter distribution for that time slice.  The predicted inflow rates plotted in Figure 3.1 are the 

instantaneous rates that are reported for the end of each model stress period.  

The inflow rates in Figure 3.1 above are derived from the final time step in each stress period, which is the 

same basis as presented in our previous reports.  It is acknowledged that the rates derived from the final 

time step are lower than the average rates of inflow that would apply during the entire stress period.  

However, model software limitations do not permit separate average inflow rates for each mine entity to be 

extracted from the model output files, only the total of all drain cells within the model.  To allow for consistent 

comparisons to be made, we have presented the inflows in the same format as previously. 
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For the period up to the end of 2006, when only Ulan mine is operating, it is possible to make a reliable 

adjustment to the total drain discharge data from the model output file to exclude the creek drain discharges.  

However, from 2007, the drain discharges include several components: 

• Dewatering inflows to Ulan underground mine; 

• Dewatering inflows to Moolarben underground mine; 

• Dewatering inflows to the Moolarben open cuts; 

• Dewatering inflows to Wilpinjong open cuts; and 

• All minor creeks that have been represented with drain cells in the model. 

It is not practically possible to separately extract cumulative discharges for each of these elements, other 

than by reference to the global time step mass balance data. 

The adoption of inflow rates based on the final time step in each stress period will mean that the reported 

inflow rate is lower than the average model inflow rate, by around 10% based on the figures up to 2006 (see 

accompanying report by Peter Dundon).  However, it should be remembered that the understatement of 

inflows would also apply to the calibration period (Ulan to 2006) and not just to the prediction phase 

(Moolarben + Ulan + Wilpinjong from 2007).  Since the final time step predicted inflow rates have been 

calibrated against the observed inflow rates, the predicted inflow rates in the Moolarben mining period, as we 

have reported them, are reliable as indicators of the actual inflow rates to be expected. 

3.2 PREDICTIONS OF MINE DEWATERING/DEPRESSURISATION (CUMULATIVE IMPACTS OF 
MOOLARBEN, ULAN, AND WILPINJONG) 

Using the results of the history match at 2006 as the initial conditions, the MC1.9 model was run in a series 

of 4-year timeframes or “slices” for the period 2007 to 2027, as shown in the schedule in Table 3.1.  The 

Moolarben mine continues to the year 2021, while Ulan is assumed to continue until 2024 and Wilpinjong to 

2027. 

The water level conditions for the end of each run were specified as the starting conditions for the next run, 

and the underground failure zone parameters were invoked at the start of each timeframe as mining 

progresses.  Following the cessation of mining, pit void parameters were invoked for the residual open cut 

areas at Moolarben OC1 and at Wilpinjong. 

The predicted mine inflow rates are shown graphically in Figure 3.1, and are listed in Table 3.1, along with 

the Moolarben mine water demand, the dewatering well pumping rates, and the residual modelled 

surplus/deficit.  As per previous work (Aquaterra, 2007), pumping rates for the active dewatering bores were 

not optimised to try to achieve a very small surplus in each year, as we understand that the water balance for 

the mining operation (by others) has previously addressed water balance issues, and this work is intended to 

evaluate impacts in terms of fully de-saturated failure zones.  As discussed above, current software 

limitations make it impossible to determine cumulative inflow volumes separately for each mine entity.  Thus 

it has not been possible to produce a table showing dewatering rates calculated from cumulative volumes. 



 
MC1.9 Model Predictions 
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Table 3.1 

Moolarben Coal MC1.9 Model Predicted Mine Dewatering Rates (Moolarben, Ulan and Wilpinjong) 

 Wells 
 Water 

Demand 

 UG4  OC 1  OC 2  OC 3  Total 
Inflow (m3/d) (m3/d) (m3/d)

1 1 1987-90     4,544               - 
2 1 1990-92     4,604               - 
3 1 1992-94     4,389               - 
4 2 1994-96     6,717               - 
5 2 1996-98     6,247               - 
6 2 1998-00     6,066               - 
7 3 2000-02     9,231               - 
8 3 2002-04     8,471               - 
9 3 2004-06     8,173               - 

1 10 4 2006-07   5,412        -         -         -      5,412      990 570         5,832   19,114           6,669 
2 11 4 2007-08   3,334        -         -         -      3,334      990 2,740      1,585   14,438           6,954 
3 12 4 2008-09   3,240        -         -         -      3,240      955 3,995      201   12,682           7,025 
4 13 4 2009-10   2,678      824       -         -      3,502      924 4,137      289   11,754           7,022 
5 14 5 2010-11   3,350   1,235       -         -      4,585      843 6,277      -849   18,465           4,766 
6 15 5 2011-12   2,565   1,268    519       -      4,352   1,144 6,849      -1,353   14,730           4,801 
7 16 5 2012-13   2,116        -      441    395    2,952   1,939 6,849      -1,958   11,955           4,668 
8 17 5 2013-14   2,111        -      407    635    3,153   1,774 6,849      -1,922     7,693           4,770 
9 18 6 2014-15   2,893        -         -      471    3,364   2,175 6,849      -1,310   18,919           5,355 

10 19 6 2015-16   2,660        -         -         -      2,660   1,839 6,849      -2,350   15,181           5,380 
11 20 6 2016-17   2,772        -         -         -      2,772   1,715 6,849      -2,362   13,780           5,559 
12 21 6 2017-18   2,570        -         -         -      2,570   1,681 6,849      -2,598   13,099           5,784 
13 22 7 2018-19   4,214        -         -         -      4,214      684 2,567      2,331   21,010           2,017 
14 23 7 2019-20   3,848        -         -         -      3,848      675 2,282      2,240   16,432           1,497 
15 24 7 2020-21   3,790        -         -         -      3,790      563 2,282      2,071   14,929           1,359 
16 25 7 2021-22        -          -         -         -           -        862 -          862     9,635           1,382 
17 26 8 2022-23        -          -         -         -           -          -   -          0   16,459           1,437 
18 27 8 2023-24        -          -        -        -          -         -              -   0   14,858           1,499 
19 28 8 2024-25        -          -        -        -          -         -              -   0           -             1,633 
20 29 8 2025-26        -          -        -        -          -         -              -   0           -             1,654 
21 30 8 2026-27        -          -        -        -          -         -              -   0           -             1,575 

F:\Jobs\A37\B1\370_pred\MC1.8+1.9\[MC1.6,1.8,1.9_Mool Pred_dewatering.xls]MC1.9 Pred (Table 3.1)
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The predicted dewatering rates for Ulan and Wilpinjong as shown in Figure 3.1 and Table 3.1 are consistent 

with information regarding Ulan mine operations of current dewatering of around 9 ML/d, and projected 

maximum long term dewatering of up to 20 ML/d (Aquaterra, 2006a and 2006b; Peter Dundon and 

Associates, 2006;  Moolarben Coal Mines, 2006), and with the projected rates at Wilpinjong for combined pit 

dewatering and water supply pumping (Wilpinjong Coal, 2005). 

The Underground mine inflows at Ulan and Moolarben for the MC1.9 model are smaller than the previous 

MC1.6 model.  Ulan mine inflows previously peaked at ~28 ML/day compared to the new rates that are 

generally under 20 ML/day for all time, which is actually more consistent with reported projections by Ulan.  

The mine inflows at Moolarben UG4 previously peaked at ~7ML/day for the MC1.6 model compared to the 

MC1.9 rates that are generally under 5 ML/day.  The predicted open cut rates for Moolarben and Wilpinjong 

are consistent with previous modelling and show no significant differences. 



 
MC1.9 Model Predictions 
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Figures 3.2 to 3.25 present contour plans of predicted water levels and drawdowns in the main model layers: 

• Layer 1 = Upper Triassic aquifer 

• Layer 2 = Lower Triassic aquifer 

• Layer 3 = Upper Permian aquifer 

• Layer 4 = Mid Permian aquifer 

• Layer 5 = Lower Permian aquifer 

• Layer 6 = Ulan Seam. 

The plots of drawdown show areas of complete drainage or de-saturation within the Permian and Lower 

Triassic aquifer units overlying the underground mine footprints, compared to the MC1.6 plots which showed 

only partially desaturation in some higher units.   

Invoking the failure zone parameters to include the Lower Triassic has resulted in greater regional drawdown 

impacts in the Triassic and Upper Permian aquifers, and marginally less drawdown in the deeper Permian 

layers. 

Predicted drawdown effects from 2006 to 2021 in the lower Permian aquifer range up to 100m which is 

similar to the MC1.6 result.  However, predicted drawdown is substantially larger in the Upper Permian and 

particularly in the Triassic aquifers.  In the immediate area of the underground mine footprints at Ulan, 

predicted drawdown from 2006 to 2021 amount to about 40m, compared to the previous MC1.6 model result 

of about 5m.  

3.3 MOOLARBEN MINE WATER BALANCE PREDICTIONS 

Table 3.2 presents a summary of the water balance components throughout the simulations.   

Table 3.2 

Moolarben Coal MC1.6 model water balances  

MC1.6 Model 
Water Balance 

Component 
volumes (kL/d)

Rainfall 
Recharge

Head-
dependent 

Flow
Goulburn 

River
Minor 

Creeks Evap'n

Mine 
dewatering 
(inc. wells)

Storage 
replenishment

Storage 
depletion Total

Into model 28,455      211,352    26,669    - - - - 4,665       271,141      
Out of model 218,075   13,172    132     30,982         8,173 816                 - 271,350     

Into model 28,595      214,538    27,214    - - - - 11,870     282,217      
Out of model 217,292   13,536    81       28,491 20,641    2,195             - 282,236     

Into model 28,864      214,856    27,226    10,283     281,229      
Out of model 217,442   13,546    75       28,402 16,358    5,313             281,136     

Into model 28,864      214,754    27,158    6,985       277,761      
Out of model 217,487   13,582    75       28,329 1,575      16,640           277,688     

Into model 29,053      212,970    26,239    335          268,597      
Out of model 218,221   13,804    76       30,562 3,835             266,498     

F:\Jobs\A37\B1\370_pred\MC1.8+1.9\[MC1.9 water budget summary.xls]MC1 calib

2021 (End Moolarben mining;  stress period 24)

2024 (End Ulan mining;  stress period 27)

2027 (End Wilpinjong mining;  stress period 30)

2067 (End Recovery Run;  stress period 31)

2006 (Ulan o/c & u/g active;  stress period 9)

 



 
MC1.9 Model Predictions 
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The recharge component is decreased from around 60 ML/d in the MC1.6 model (Aquaterra, 2007) to about 

29 ML/d for the MC1.9 model, due to changes in recharge rates that proved necessary during the 

recalibration process.  Accordingly, there are changes to some other elements of the water balance for the 

MC1.9 model such as the river feature component. Additional changes to the model during the recalibration 

phase (including aquifer and subsidence failure zone Kh and Kv adjustments) have effectively reduced the 

mine dewatering flow out term and the storage components compared to the MC1.6 model. 

In summary, the cumulative impacts on the water balance due to mining at Moolarben, Ulan and Wilpinjong 

are of similar order to those predicted by the MC1.6 modelling, viz: 

• Goulburn River flow components are unaffected in cumulative impact terms. 

• Minor creeks have their baseflow contributions from groundwater substantially reduced.  

• Evapotranspiration from groundwater dependent ecosystems reduces by around 8%. 

3.4 POST-MINING RECOVERY PREDICTION 

During the prediction period to 2027, the scheduled mining and dewatering operations were represented 

appropriately in the model, including allowing for recovery post-mining at the Moolarben OC1 (see Table 3.1 

for schedule of open cut mining), and the pit void at Wilpinjong that develops midway through mining there.  

The second pit void at Wilpinjong was represented in the model from the end of mining.  The residual open 

cut voids are represented in the post-mining recovery run as cells with very high permeability 

(Kh=Kv=103m/day), and 100% aquifer storage, plus allowing evaporation from any mine void lake that 

develops as the water table recovers, at 50% of the potential evaporation rate (ie. 2.37mm/day, based on the 

average annual evaporation of 1728 mm), and allowing for recharge at 100% of the average annual rainfall 

rate.  

The model was then run for a further 40 years to simulate the recovery of the groundwater systems post-

decommissioning, and the recovery projection results are shown in Figure 3.28.  All bores screened in the 

Ulan Seam including PZ104, PZ04 and ERUL77 show complete recovery within the 40 year recovery period. 

The bores screened in the Upper Triassic including PZ04A and R755A do not show complete water level 

recovery to 1987 levels. This is most likely due to the large failure zone footprint that has been extended 

upward to include the Lower Triassic. The large Kh and Kz properties of the failure zone have a ”flattening” 

effect on hydraulic gradients and thus the recovery levels would be expected to be lower than the original 

water levels that did not experience failure zone aquifer parameters. The Imrie bore in the Lower Triassic 

does not show drawdown for all time since it is located in close proximity to the Goulburn River and is forever 

being recharged by river leakage. 
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SECTION 4  -  CONCLUSIONS 

The Moolarben model has been further refined, notably to extend the underground mine failure subsidence 

zone to the Lower Triassic at Ulan and Moolarben for all model runs, allowing uninhibited vertical drainage. 

 The predicted Moolarben dewatering inflows (open cut plus underground plus wells) using the MC1.9 model 

range up to 6.4 ML/d (slightly in excess of project water demands).   

Predicted drawdown effects from 2006 to 2021 in the lower Permian aquifer range up to 100m in the 

immediate area of the underground mine footprints at Ulan and Moolarben which is similar to the MC1.6 

result.  Predicted drawdowns from 2006 to 2021 in the Upper Triassic aquifer amount to about 40m at Ulan, 

which is significantly greater than the MC1.6 model which showed drawdown of only ~5m.  The increase in 

drawdown was necessary to achieve complete desaturation in all modelled aquifers within the subsidence 

failure zone at Ulan and Moolarben.  

The cumulative impacts of Moolarben, Ulan and Wilpinjong dewatering on the Goulburn River are small at 

2021.  However, analysis of the model water balance data indicates that baseflow reductions could 

potentially occur to minor creeks close to the mining operations, and evapotranspiration from groundwater 

dependent ecosystems could also be reduced to a small degree.  The magnitude of these impacts is not 

substantially different to that predicted previously. 

The real test of model validity, of course, will depend upon reviewing the model predictions in relation to the 

operational monitoring data that will be obtained, as it is only by monitoring the aquifer response to 

operational mine dewatering that the data can be obtained to validate model predictions. 

Data should be obtained from dewatering operations for use in calibrating and validating the model, which 

can then be used with increasing confidence as an ongoing predictive tool to assess dewatering 

requirements and related hydrological impacts, and to refine plans for future mine development and 

decommissioning. 
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Moolarben Groundwater Bores
Figure 2.1 
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Moolarben Area Geological Map with MC1.9 Model 
Boundaries

Figure 2.2 

Model Boundary (no flow condition)

General Head Boundary (eastern, north-west corner, and part southern boundaries)

Ulan

Moolarben

Wilpinjong
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Instantaneous Mine Dewatering Rates for MC1.9 model 
Figure 3.1 
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MC 1.9 piezometric contour plan for Upper Triassic 
aquifer (layer 1) at 2006 (cumulative impacts) 

Figure 3.2 
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MC 1.9 piezometric contour plan for Lower Triassic 
aquifer (layer 2) at 2006 (cumulative impacts) 

Figure 3.3 
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MC 1.9 piezometric contour plan for Upper Permian 
aquifer (layer 3) at 2006 (cumulative impacts) 

Figure 3.4 
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MC 1.9 piezometric contour plan for Mid Permian aquifer 
(layer 4) at 2006 (cumulative impacts) 

Figure 3.5 
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MC 1.9 piezometric contour plan for Lower Permian 
aquifer (layer 5) at 2006 (cumulative impacts) 

Figure 3.6 
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MC 1.9 piezometric contour plan for Ulan Seam aquifer 
(layer 6) at 2006 (cumulative impacts) 

Figure 3.7 
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MC 1.9 drawdown contour plan for Upper Triassic aquifer 
(layer 1) from 1987 to 2006 (cumulative impacts) 

Figure 3.8
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MC 1.9 drawdown contour plan for Lower Triassic aquifer 
(layer 2) from 1987 to 2006 (cumulative impacts) 

Figure 3.9 
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MC 1.9 drawdown contour plan for Upper Permian aquifer 
(layer 3) from 1987 to 2006 (cumulative impacts) 

Figure 3.10 
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MC 1.9 drawdown contour plan for Mid Permian aquifer 
(layer 4) from 1987 to 2006 (cumulative impacts) 

Figure 3.11 
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MC 1.9 drawdown contour plan for Lower Permian aquifer 
(layer 5) from 1987 to 2006 (cumulative impacts) 

Figure 3.12 
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MC 1.9 drawdown contour plan for Ulan Seam aquifer 
(layer 6) from 1987 to 2006 (cumulative impacts) 

Figure 3.13 
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MC 1.9 piezometric contour plan for Upper Triassic aquifer 
(layer 1) at 2021 (cumulative impacts) 

Figure 3.14 
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MC 1.9 piezometric contour plan for Lower Triassic aquifer 
(layer 2) at 2021 (cumulative impacts) 

Figure 3.15 



F:\Jobs\A37\B1\600_reports\MC1.9_figures\R030a_MC1.9_figures.ppt

MC 1.9 piezometric contour plan for Upper Permian 
aquifer (layer 3) at 2021 (cumulative impacts) 

Figure 3.16 
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MC 1.9 piezometric contour plan for Mid Permian aquifer 
(layer 4) at 2021 (cumulative impacts) 

Figure 3.17 
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MC 1.9 piezometric contour plan for Lower Permian 
aquifer (layer 5) at 2021 (cumulative impacts) 

Figure 3.18
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MC 1.9 piezometric contour plan for Ulan Seam aquifer 
(layer 6) at 2021 (cumulative impacts) 

Figure 3.19 
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MC 1.9 drawdown contour plan for Upper Triassic aquifer 
(layer 1) from 2006 to 2021 (cumulative impacts) 

Figure 3.20 
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MC 1.9 drawdown contour plan for Lower Triassic aquifer 
(layer 2) from 2006 to 2021 (cumulative impacts) 

Figure 3.21 
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MC 1.9 drawdown contour plan for Upper Permian aquifer 
(layer 3) from 2006 to 2021 (cumulative impacts) 

Figure 3.22 
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MC 1.9 drawdown contour plan for Mid Permian aquifer 
(layer 4) from 2006 to 2021 (cumulative impacts) 

Figure 3.23 
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MC 1.9 drawdown contour plan for Lower Permian aquifer 
(layer 5) from 2006 to 2021 (cumulative impacts) 

Figure 3.24 
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MC 1.9 drawdown contour plan for Ulan Seam aquifer 
(layer 6) from 2006 to 2021 (cumulative impacts) 

Figure 3.25 
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Figure 3.26
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Figure 3.27
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Figure 3.28

ERUL77- Ulan Seam at Wilpinjong Opencut
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PZ104- Ulan Seam, East of Moolarben Underground (UG4)
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PZ04A- Upper Triassic at Ulan Underground
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PZ04- Ulan Seam at Ulan Underground
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R755A- Upper Triassic, Ulan Underground
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Imrie- Lower Triassic, North of Moolarben Underground (UG4)
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ATTACHMENT A 
 

MC1.9 MODEL INPUT DATA 
 

• Horizontal Hydraulic Conductivity:  Layer 1 to Layer 7 

• Vertical Hydraulic Conductivity:  Layer 1 to Layer 7 

• Recharge Rates 

• Layer Elevations: 

o Topography 

o Base of Layer 1 to Layer  7 (top of underlying layer is base of overlying layer) 

 



 
 
 
 

MC1.9 HORIZONTAL HYDRAULIC CONDUCTIVITY – L1 
 
 

 
 
 
 
 

LEGEND Kh (m/d) PROPERTY 
 0.07 Upper Triassic 
 1.0 Alluvium 
 Inactive Cells 

 
 
 

 
 



 
 
 
 

MC1.9 HORIZONTAL HYDRAULIC CONDUCTIVITY – L2 
 
 

 
 
 
 

LEGEND Kh (m/d) PROPERTY 
 0.07 Lower Triassic 

 Inactive Cells 
 
 



 
 
 
 

MC1.9 HYDRAULIC CONDUCTIVITY – L3 
 
 

 
 

 
 

LEGEND Kh (m/d) PROPERTY 
 0.05 
 0.06 

Upper Permian 
 

 0.7 
 0.8 
 1 
 1.5 

 
Alluvium 

 

 Inactive Cells 



 
 
 

MC1.9 HORIZONTAL HYDRAULIC CONDUCTIVITY – L4 
 
 

 
 
 
 

LEGEND Kh (m/d) PROPERTY 
 0.05 
 0.06 

Mid Permian 

 Inactive cells 
 
 
 

 
 
 
 
 



 
 
 

MC1.9 HORIZONTAL HYDRAULIC CONDUCTIVITY – L5 
 
 

 
 
 
 

LEGEND Kh (m/d) PROPERTY 
 0.05 
 0.01 

Lower Permian 
 

 Inactive cells 



 
MC1.9 HORIZONTAL HYDRAULIC CONDUCTIVITY – L6 

 
 

 
 
 
 
 

LEGEND Kh (m/d) PROPERTY 
 0.0001 Basement 
 0.7 Alluvium 
 0.7 Ulan Seam 
 0.05 Lower Permian 
 Inactive cells 

 
 
 
 
 
 
 



 
MC1.9 HORIZONTAL HYDRAULIC CONDUCTIVITY – L7 

 
 

 
 
 
 
 

LEGEND Kh (m/d) PROPERTY 
 1 Marrangaroo Conglomerate 
 Inactive Cells 

 
 
 
 
 
 
 
 
 
 



 
 

 
MC1.9 VERTICAL HYDRAULIC CONDUCTIVITY – L1 

 
 

 
 
 
 

LEGEND Kv (m/d) PROPERTY 
 0.00007 Upper Triassic 
 0.1 Alluvium 
 Inactive Cells 

 
 
 
 
 
 
 
 



 
 

 
MC1.9 VERTICAL HYDRAULIC CONDUCTIVITY – L2 

 
 

 
 
 
 

LEGEND Kv (m/d) PROPERTY 
 0.00007 Lower Triassic 
 Inactive cells 

 
 
 
 
 
 
 
 

 



MC1.9 VERTICAL HYDRAULIC CONDUCTIVITY – L3 
 

 

 
 
 

LEGEND Kv (m/d) PROPERTY 
 0.00005 Upper Permian 
 0.007 
 0.005 
 0.07 
 0.15 

 
Alluvium / Palaeochannels 

 

 Inactive Cells 
 
 
 
 
 
 
 

 
 



MC1.9 VERTICAL HYDRAULIC CONDUCTIVITY – L4 
 

 

 
 

 
LEGEND Kv (m/d) PROPERTY 

 0.00005 Mid Permian 
 Inactive Cells 

 
 
 
 
 
 
 
 
 
 

 
 
 



MC1.9 VERTICAL HYDRAULIC CONDUCTIVITY – L5 
 
 

 

 
 

 
 

LEGEND Kv (m/d) PROPERTY 
 0.000025 
 0.0001 

Lower Permian 

 Inactive cells 
 
 
 
 
 
 
 
 
 
 
 



MC1.9 VERTICAL HYDRAULIC CONDUCTIVITY – L6 
 
 
 

 
 
 

LEGEND Kv (m/d) PROPERTY 
 0.07 Alluvium 
 0.006 Overburden 
 0.0002 Ulan Seam 
 0.00001 Basement 
 Inactive cells 

 
 
 
 
 
 
 
 
 



 
MC1.9 VERTICAL HYDRAULIC CONDUCTIVITY – L7 

 
 
 

 
 
 
 
 

LEGEND Kv (m/d) PROPERTY 
 0.00001 
 0.0000025 
 0.1 

 
Marrangaroo Conglomerate 

 Inactive Cells 
 
 
 
 
 
 
 



 
MC1.9 RECHARGE DISTRIBUTION- (TO HIGHEST ACTIVE CELL)  

 
 
 

 
 
 
 
 

LEGEND Recharge (m/d) 
 0.00011 - 0.00014 
 0.00008 
 0.00003 
 0.00001 
 0 (Basement) 
 Inactive Cells 

 
 
 
 
 



MC1.9 TOPOGRAPHY (TOP OF LAYER 1) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

    Legend        Elevation (mAHD)     Legend        Elevation (mAHD) 

Inactive cells 



MC1.9 TOP OF LAYER 3 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

    Legend        Elevation (mAHD)     Legend        Elevation (mAHD) 

Inactive cells 



Inactive cells 

MC1.9 TOP OF LAYER 5 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

    Legend        Elevation (mAHD)     Legend        Elevation (mAHD) 



Inactive cells 

MC1.9 TOP OF LAYER 6 

 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

    Legend        Elevation (mAHD)     Legend        Elevation (mAHD) 



Inactive cells 

MC1.9 TOP OF LAYER 7 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

    Legend        Elevation (mAHD)     Legend        Elevation (mAHD) 



Inactive cells 

MC1.9 BASE OF LAYER 7 
 

 
 
  

    Legend        Elevation (mAHD)     Legend        Elevation (mAHD) 


