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1. INTRODUCTION 

In accordance with a Brief of 18 September 2006, Pells Sullivan Meynink Pty Ltd (PSM) 
has undertaken a review of certain facets of the environmental assessment of the 
proposed Moolarben Coal project near Ulan, New South Wales.  In particular this report 
addresses: 
 

(i) surface movements likely to be associated with the proposed longwall 
mine (Underground 4), 

 
(ii) probable impacts of the surface movements on the gorge of the Goulburn 

River, 
 
(iii) probable impacts of the open cut and underground mining on the 

groundwater regime, and thereby on surface flows. 
 
The brief for this report was from members of the community potentially affected by the 
mine, whose prime concerns relate to possible impacts on groundwater and surface 
water resources and on certain cliff lines and caves along the Goulburn River.  The 
report addresses these issues and is not a comprehensive review of all facets of the 
environmental assessment of the project. 
 
This report is the product of a limited budget and therefore it has not been possible for 
the writer to: 
 

• conduct independent field measurements of ground permeabilities and 
groundwater pressures, and to 

 
• prepare and run independent computer analyses of the probable future 

groundwater regime. 
 
The writer has had to rely on factual information presented in the environmental 
assessment report, in particular in Appendix 8 (Subsidence Impact Report), and in 
Appendix 5 (Groundwater Assessment).  Because of this need to rely on the provided 
factual data it is a matter of considerable concern that where the writer has been able to 
check certain important facts, a significant number have been found to be in error.  This 
issue is expanded upon within the body of this report. 
 
The writer has undertaken an inspection of the relevant length of the Goulburn River and 
has reviewed the details of certain privately owned groundwater bores that could be 
affected by the proposed mining. 
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2. SURFACE MOVEMENTS 

2.1 Computation of Likely Surface Movements 

Appendix 8 of the environmental assessment provides a conventional assessment of 
likely surface settlements (vertical movements) caused by the proposed longwall mining.  
The writer accepts the predicted surface settlements as being reasonably accurate.  
However, cognisance must be taken of an important point that the writer considers is not 
adequately addressed in this Appendix.  This relates to the lateral extent of the surface 
settlements, as expressed by the so-called “Angle of Draw”. 
 
As illustrated in Figure 1, the angle of draw is defined as the angle measured from the 
vertical, between the edge of the longwall extraction to a point on the surface beyond 
which there is no significant vertical settlement. 
 

 
Figure 1: Definition of Angle of Draw 

 
In conventional New South Wales subsidence engineering the phrase “significant vertical 
settlement” is arbitrarily defined as 20mm.  There is no fundamental scientific reason for 
adopting 20mm because there are certain natural or man-made structures for which 
settlements of less than 20mm are in fact significant.  Furthermore  the “Angle of Draw” 
is conventionally taken as 26.5° (a slope of two vertical to one horizontal).  In fact 
numerous measurements published by the NSW Department of Mineral Resources show 
that even adopting the 20mm limit, the actual angle of draw can range up to 50° (i.e. 
subsidence extends much further than indicated by the “standard” value. 
 
The important point arising from the above facts is that the so-called “limit of subsidence” 
shown on the various drawings in the Moolarben environmental assessment represent a 
misnomer, and one that can be quite misleading for the uninformed public. 
 
A further point in respect to the “limit of subsidence” is that it is defined only on the basis 
of vertical movements.  In fact, as discussed in Section 12.8 of Appendix A, there could 
well be substantial horizontal movements well beyond the “limit of subsidence”.  Such 
horizontal movements have important implications for the Goulburn River gorges and are 
discussed in more detail in Section 2.2, below. 
 

Angle of Draw 

Settlement 

20mm 
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2.2 Horizontal (“Far Field”) Movements 

Section 12.8 of Appendix A correctly points out that measurements in both the Southern 
and Newcastle coal fields have shown significant surface horizontal movements much 
further away from areas of longwall mining that would be expected from standard 
subsidence engineering.  This phenomenon is now understood to arise from 
reorientation of the very high horizontal stresses that exist in the Permian and Triassic 
rocks.  Nowadays these horizontal movements are termed “far field effects”. 
 
Section 12.8 of Appendix 8 makes reference to data presented in an ACARP report by 
the firm Waddington and Kay.  Unfortunately it has now been found that the data in the 
ACARP report included significant survey errors arising from movements of one of the 
survey base stations in the NSW Southern Coalfields.  Furthermore, many additional 
records have become available since the time of the Waddington and Kay ACARP 
report.  The original data have been corrected, and combined with the new information, 
by the company Mine Subsidence Engineering Consultants (MSEC), which incorporates 
the Waddington and Kay practice. 
 
Figure 2 shows all the data which includes points above old mined out areas and points 
above unmined land beyond the area of extraction.  Figure 3 shows only measurements 
above unmined land.  Comparing Figures 2 and 3 shows that within about 1 km of an 
active longwall the movements above unmined land are typically less than those 
measured above areas of previous extraction.  However, beyond 1 km there is typically 
not much difference. 
 
It must also be noted that most of the data in Figures 2 and 3 are from the Southern 
Coalfields where mining is deeper (typically 400m to 500m) than proposed at Moolarben, 
and also more extensive in plan area.  However, given that the far field movements arise 
from redistribution of horizontal stresses there is no reason to conclude that depth of 
mining will have a large impact on this phenomenon.  In addition the previous extensive 
underground mining at Ulan means that the new Moolarben longwalls are in an area 
where there has already been significant perturbation of the natural stress field, so the 
Southern Coalfield data are considered to be relevant. 
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Figure 2: Observed Incremental Horizontal Peg Movements 

 

 
Figure 3: Observed Incremental Peg Movements for Pegs with Solid Coal
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Figure 4: Longwall Layout 
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Figure 4 shows the proposed layout of the longwall in relation to the cliff lines of the 
Goulburn gorges, cliff lines that are illustrated in Photographs 1 to 3.  From Figure 4 it 
can be determined that the distances to the longwalls from the Corner Gorge cliff line 
(shown on Photo 1) and The Drip (shown on Photo 2) are as set out in Table 1. 
 

TABLE 1 
DISTANCES TO GORGES FROM LONGWALLS 11 TO 14 

 
DISTANCES TO GORGES (See Figure 4) LONGWALL 

NUMBER CENTRAL EAST (m) CORNER (m) THE DRIP (m) 

14 180 340 240 

13 500 560 240 

12 820 960 520 

11 1400 1600 1250 
 

From the MSEC data given in Figure 3 and the distances given in Table 1 it is possible to 
estimate the probable average far field movements at the sections of gorge termed 
Central East, Corner and The Drip.  These computations are given in Table 2. 
 

TABLE 2 
COMPUTED AVERAGE FAR FIELD MOVEMENTS 

 
DISTANCES TO GORGES (mm) CONTRIBUTION 

FROM LONGWALL 
NUMBER CENTRAL EAST CORNER THE DRIP 

14 40 35 40 

13 30 30 40 

12 25 20 30 

11 20 20 20 

TOTAL 115 105 130 
 
It is important to note that the movements given in Table 2 are average values (i.e. there 
is a 50%, or 1:2, chance the movements could be higher).  In a risk assessment of 
important assets, whether man-made or environmental, it is normal practice to consider 
much more extreme probabilities than 1:2.  Probabilities of 1 in 1,000 to 1 in 10,000 may 
well be more appropriate for important natural features.  Based on a statistical analysis 
of the data given in Figure 3 movements with a probability of 1:1000 are about three 
times the values given in Table 2, i.e. about 300mm to 400mm. 
 
Given that several lengths of the gorge cliffs include overhangs, that can reasonably be 
described as precarious, it is considered that there is a moderately high probability that 
movements in the range of 100mm to 400mm will cause rockfalls and possibly larger 
scale failures.  It is very difficult to calculate an accurate probability for such occurrences.  
However, as a matter of judgment the writer is of the view that there is greater than a 



 

 

 
7 

PSM1067.TR1 
30 October 2006 

 

25% chance (greater than 1 in 4) that one or more rockfalls will occur somewhere along 
the Eastern, Corner, and Drip gorges with the currently proposed longwall layout. 
 
2.3 Monitoring of Movements 

It is proposed in Section 12.7 of Appendix 8 that monitoring of the gorge cliffs, 
particularly The Drip, will form an important facet of cliff impact mitigation measures.  The 
writer disputes that this would be meaningful, for the reasons set out below. 
 

i. Longwalls 11 to 14 commence from their northern ends, they do not 
approach the gorges from the south.  Therefore whatever impact they 
could have on the gorges, they will have – there is no opportunity to 
terminate longwalls short of their critical impact positions on the basis of 
monitoring data. 

 
ii. Cliff lines, and particularly overhangs, frequently fail in a brittle manner, 

without precursor movements.  Therefore it is highly unlikely that 
monitoring data will flag imminent failures. 

 
iii. Nobody knows what movements, at cliff crest or cliff toe, will cause a 

rockfall or a larger scale collapse at a particular cliff line.  Therefore, even 
if there were perfect monitoring data at a particular location nobody would 
know what would be the trigger levels, so, in effect, nobody would know 
what to do with the data. 

 
2.4 Cliff line Risk Assessment in Appendix 8 

The issue of subsidence impacts on gorge cliff lines is a matter of risk, where risk is 
measured by combining Probability and Impact Value. 
 
Appendix 8 does not apply probability concepts to the prediction of cliff line impacts.  
Rather it uses the classification approach formulated by Waddington Kay & Associates.  
Thus for both the Corner Gorge (see Photo 1) and The Drip (see Photo 2), which are 
combined as CL5 in the report, the mining induced movements are set at: 
 

IMPACT PARAMETER UNITS VALUE OR 
DEFINITION 

CATEGORY 
LIMITS* 

Impact Category 1 – Extent of Mining Induced Movements at Cliffs 
Mine subsidence m ~0 <50 
Differential horizontal movement at crest mm 20 - 40 <50 
Mining induced tilt at cliff mm/m ~0 >10 
Mining induced stain at cliff mm/m ~0 >10 
* set by Waddington Kay & Associates 
 
As set out in Section 2.2, above, the reality is that there is a significant probability that 
the above values will be exceeded. 
 
The Impact Values of locations such as The Drip and the Corner Gorge are not matters 
for individual valuation.  They should be addressed as part of a Risk Assessment that 
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includes a broad range of society values.  The classification approach formulated by 
Waddington Kay & Associates essentially encompasses the value system of these 
consultants – not society as a whole.  As such it is not a valid basis for assessing the 
potential impacts on the Goulburn River Gorge.  It is equally not appropriate for this 
writer to apply his personal value system to the gorges, however much he may consider 
that cliff lines such as those illustrated in Photos 1 to 3 are extremely “valuable”. 
 
There is one facet of the cliff line risk assessment where the writer appears to be at one 
with the authors of Appendix 8.  This is that the risk of rockfalls and cliff collapses would 
be too high to allow public access along the relevant gorge section during and for some 
significant period of completion of longwall mining. 
 
 
3. GROUNDWATER ISSUES 

3.1 Introduction 

The predicted groundwater impacts of the proposed open pit and underground mines are 
given in Appendix 5, which has the stated intention of providing “an assessment of the 
potential impacts of the project on the groundwater resources and existing groundwater 
dependent ecosystems” (Executive Summary, first paragraph).  The study reported in 
Appendix 5 set out to achieve this objective through a program of field investigations 
(monitoring piezometers and test bores), field observations (dams, springs and existing 
water bores) and a numerical model of the area encompassing the Wilpinjong and 
Moolarben mines. 
 
Based on the factual information set out in Section 3.2, it is the writer’s view that 
Appendix 5 does not provide a valid scientific basis for answering the question which is 
set as its prime objective, namely “potential impacts … on the groundwater resources 
and existing groundwater dependent ecosystems”.  In essence, while the Appendix 
computes possible inflows into Moolarben Underground of between 5 and 27 megalitres 
per day1 (with a best guess “basecase” of 6.4 megalitres per day), it does not adequately 
deal with where this water comes from.  In other words, where did this water, and the 
water entering the Ulan Underground, report to in times past? 
 
The report does say that the major input to the system is rainfall recharge, and it also 
states that the predicted impact on the system water balance is 3 megalitres per day, but 
somehow this is predicted to have virtually no effect on the Goulburn River, very minor 
effect on the creek system, no dewatering of alluvial aquifers2 and virtually no impact on 
the water level of the Triassic3. 
 
6.4 Megalitres per day is 74 litres/second, which is a significant flow in the context of the 
typical low yielding bores available to the landowners who requested this review report4.  
It is also a significant flow in relation to dry period base flows in the Goulburn River, and 
to the flows in the ephemeral creeks. 
 

                                                 
1 Figure 4.5 of Appendix F. 
2 Appendix F, page 35. 
3 Executive Summary, page (iv). 
4 Typical bore yields between 0.5 lit/sec and 2 lit/sec. 
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3.2 Groundwater Levels and Hydrogeological Parameters 

3.2.1 Groundwater Levels and Hydrogeological Parameters of the Triassic Rock 
The Triassic Narrabeen Group is a key hydrogeological Unit in computing the possible 
impact of the proposed mining on existing groundwater users and on creek recharge 
(see Section 3.2 and Figures 3.1 and 3.2 of Appendix 5).  Yet despite this critical 
importance there are no measurements of water levels or piezometer pressures 
anywhere in this Unit (see Table 1 of Appendix 5), no pump tests and no permeability 
measurements (see Tables 2 and 6). 
 
In particular it should be noted that Table 1 of Appendix 5 lists all the monitoring and test 
bores upon which the report’s calculations are based.  An analysis of this table shows 
that the data spread is as follows: 
 
 Below the Ulan Seam : 7 measurements 
 Ulan Seam : 14 measurements 
 Ulan Seam immediate overburden : 20 measurements 
 Alluvium : 5 measurements 
 Tertiary Paleo Channel : 1 possible measurement 
 Triassic (Narrabeen) : Zero measurements 
 
Despite this lack of data on the Triassic rocks the report states (Section 2.6) “In most 
locations, the groundwater levels are quite different in the underlying Shoalhaven Group 
sediments beneath the Ulan Seam, and likewise in the overlying Triassic and Tertiary/ 
Quaternary alluvium units  There would appear to be no scientific basis for the statement 
in bold above. 
 
The writer thought that the authors of Appendix 5 possible had data on the Triassic rocks 
available from the Wilpinjong project.  However, an examination of Appendix B 
“Groundwater Impact Assessment” for the Wilpinjong Project (April 2005) showed that 
there were no measurements in that study of the groundwater regime and permeability 
characteristics of the Narrabeen Group rocks. 
 
3.2.2 Census of Existing Bores 
The writer has checked only two sets of the existing bores set out in Appendix A of 
Appendix 5. 
 
Bore SP49 (J Mullins and C Imrie) is correctly stated as being located in the Triassic 
Narrabeen Group.  However, it is stated as having a water level at RL 398m.  The writer 
examined this bore and found it to be located about 4m above the bed level of the 
Goulburn River at a collar elevation of about RL 375m.  The water level is about 3m to 
4m below collar level.  Therefore, there is at least a 25m error in the reported water level 
of this bore, a level that is used to draw existing groundwater contours. 
 
Bores SP33, SP39-40, SP42-43 and SP47-48 are located on the Cox’s properties south 
west of proposed Open Pit No 3.  Appendix A of Appendix 5 correctly records the 
geology in which these bores are located, namely granite for all except SP42-43 which is 
in Permian coal measures.  However, what is not stated is that: 
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(i) there is a fifth bore in granite about 300m NE of SP46 (a dam), a bore that 
is 182 foot deep and yields about 30 litres/minute 

 
(ii) the depths and yields of the other bores are: 
 

• SP33, 155 foot, March 1993 yield 38 lit/min but dry since 2000 
possibly due to mining at Ulan 

 
• SP39-40, 130 foot, December 1988 yield of 47 lit/min 

 
• SP42-43, 100 foot, January 1986 yield 135 lit/min 

 
• SP47-48, drilled to 130 foot in June 1980 with yield of 96 lit/min; 

extended to 180 foot in January 1986 with yield of 63 lit/min; 
cleaned out March 1993 with yield of 15 lit/min; considered dry 
since 2000 possibly due to mining at Ulan. 

 
The important points about the Cox’s bores are: 
 
1. Four of the five bores are in the “basement granite” yet in the numerical model 

this unit is set as a no-flow boundary (Section 5.2 of Appendix 5) and is given 
extremely low permeability values. 

 
2. It seems that at least in some cases the water levels quoted in Appendix A of 

Appendix 5 are in fact the ground levels.  For example SP42-43 is at a ground 
level of about RL 516 but water was logged at 17m, so it is probable that GWL is 
close to 500m.  A similar situation appears to apply to SP39-40.  This means that 
the “Surficial Groundwater Contours” shown on Plan 25 are at least incorrect in 
the two locations checked by the writer (Cox’s property at SW corner and Imrie 
property at NE corner). 

 
3. Cox’s Bore No 5 does not appear in Appendix A. 
 
The writer has found it difficult to determine what will be the deepest point of Open Cut 
No 3 but based on the Ulan Seam contours it would appear to be about RL 480m.  
Therefore, it is difficult to accept that there will be no impact on the five bores, and other 
springs on Cox’s property (see Table 13 of Appendix 5).  As discussed in Section 3.3 this 
would appear to be an artifice of the numerical model used for making predictions. 
 
3.3 Numerical Model 

The MODFLOW numerical model used for making predictions of the impact of the 
Moolarben mine on the regional groundwater system is presented in the main text of 
Appendix 5 as providing substantial precision.  In fact this is not the case because of the 
following reasons. 
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(i) The accuracy of any mathematical groundwater model depends on the 
accuracy of the input data.  In this case the accuracy of predicted impacts 
on certain bores and on creek flows depends on the hydrogeological 
parameters for the Triassic Narrabeen Group and the vertical permeability 
of the Permian strata.  However, because there are no test data, the 
parameters adopted for the Triassic rocks in the model are no more than 
guesses, guesses that have not even been varied in the model to test the 
sensitivity of the predictions to the assumed parameters5. 

 
(ii) The permeability parameters adopted for the Triassic rocks assume a 

vertical permeability 100 times less than the horizontal permeability.  This 
assumption reduces the potential for drawdown in the Triassic rocks, 
because the assumed parameters demand that the water will 
preferentially move sideways rather than downwards. 

 
(iii) The permeability parameters adopted for the Triassic in the model are: 
 

• Horizontal permeability  = 0.1 m/day (1.2 x 10-6m/sec) 
• Vertical permeability  = 0.001 m/day (1.2 x 10-8 m/sec) 

 
Given the writer’s knowledge of the geological structures in the Narrabeen 
Formation in the Ulan area, and permeability measurements in this 
Formation elsewhere, it is considered that above values are probably 
uncertain by ten times in the horizontal direction and by 100 times in the 
vertical direction.  In fact, because of the vertical jointing in the Triassic 
rocks there is a strong case for adopting a vertical permeability greater 
than the horizontal, at least in the upper 50m to 150m of the Triassic. 

 
(iv) According to Table 9 of Appendix 5, very low vertical permeabilities have 

also been adopted for undisturbed Permian Coal Measures.  Thus for 
Layer 2 of the model (Permian Coal Measures without coal seams) the 
vertical permeability is between 1000 times and 2000 times lower than the 
horizontal permeability.  For Layer 3 (Permian with coal seams) the ratio 
is between 100 and 10006. 

 
 One does not have to run a computer program to know that with such low 

relative vertical permeabilities there will be little predicted drawdown on a 
surficial, unconfined, piezometric surface. 

 
(v) Apart from the constraints imposed by the vertical permeability values, the 

computer program MODFLOW adds yet another non-so-subtle factor that 
must be considered.  As stated in the MODFLOW Manual: 

                                                 
5 Only one set of parameters has been used in all the computer analyses for both the Triassic 
rocks and the basement granite. 
6 Details of the MC1 model given in Appendix F of Appendix 5 indicate even lower relative vertical 
permeabilities at some locations. 
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“Vertical conductance terms are calculated within the model using data from an 
input array which incorporates both thickness and vertical hydraulic conductivity 
in a single term, and using horizontal (or map) areas calculated from cell 
dimensions.  In general, the vertical interval between two nodes, i, j, k and and 
(sic)  i, j, k+l, may be considered to contain n geohydrologic layers or units, 
having vertical hydraulic conductivities K1, K2 … Kn and thicknesses ∆z1, ∆z2 … 
∆zn.  The map area of the cells around nodes i, j, k and i, j, k+l is DELRj*DELCj; 
the vertical conductance of an individual geohydrologic layer, g in this area is 
given by  
 

g

g
g z

DELCjDELRjk
C

∆
=

*
 

 
Vcont is the term actually used as input in the model described herein.  That is, 
rather than specifying a total thickness and an equivalent )or harmonic mean) 
vertical hydraulic conductivity for the interval between node i, j, k and node I, j, 
k+l, the user specifies the term Vcont I, j, k+1/2, which is actually the 
conductance of the interval divided by the cell area, and as such incorporates 
both hydraulic conductivity and thickness.  The program multiplies Vcont by cell 
area of obtain vertical conductance.  The values of Vcont must be calculated or 
determined externally to the program; this is generally done through an 
application of equation (49).” 

 
In simple English this means that the way MODFLOW deals with vertical 
flow is a lot more complicated than simply considering the permeability 
values, and without knowing exactly what Aquaterra did in conducting 
their analyses it is not possible to fully assess the validity of their 
modelling. 

 
(v) The MODFLOW model assumed a cell size of 100m x 100m.  Basically 

this means that within this area groundwater flows and pressures are 
constant.  Aquaterra acknowledge (Section 3.2 of Appendix F) that finer 
cell sizes are required around bores and close to the mine “where step 
curvature of the water table and/or steep hydraulic gradients are likely to 
occur”.  Yet, despite this limitation, the coarse model is used to predict 
impacts on existing bores, springs and creeks close to the mine.  
Aquaterra does say that the existing 100m uniform grid size is adequate.  
However, the writer thinks that what they really mean is that the model is 
adequate for predicting overall mine inflows – which may well be true but 
is not the prime objective of the study. 

 
Whilst the main text of Appendix 5 presents confident statements as to the impact of the 
mine on the groundwater regime, this is not backed up by the report on the modelling 
prepared by Aquaterra Simulations (Appendix F of Appendix 5). 
 
Aquaterra note that the model does not even give good simulation of the historical 
observations at Ulan.  It is stated in Section 4.4.1 (Appendix F): 
 

“… it is very difficult to achieve the desired combination of a good match to the reported 
Ulan dewatering rates, and a good match to water levels …” 

 



 

 

 
13 

PSM1067.TR1 
30 October 2006 

 

In regard to the predictions for Moolarben it states: 
 

“It should be noted that this is a predictive modelling exercise.  Due to lack of long term 
observation data in the Moolarben area (many of the available monitoring bores were 
drilled during the recent investigation phase), there is considerable uncertainty about the 
behaviour of the aquifer under stress induced through mining.  Results are based on the 
best available data at present, however, they cannot be robustly verified at this stage 
(other than by reference to information from Ulan that is itself not certain), and hence 
predicted seepage rates and drawdowns should be used with caution at this time.  When 
observation data becomes available (e.g. on the decline of water levels at the start of the 
underground mining), model results should be compared to observed data and, if 
necessary, adjusted accordingly. 
 
Given the uncertainties, it is recommended that appropriate contingencies be 
incorporated into mine water management plans, to cater for potentially higher mine 
inflow rates than the predicted base case.” 

 
The difficulty with this statement is that Aquaterra appear concerned with the 
inaccuracies in the model only from the viewpoint of mine inflow.  They give no 
consideration to what these inaccuracies may mean in regard to predicted impacts on 
existing groundwater bores, existing springs, creek recharge and Goulburn River flows.  
What contingencies are proposed for existing groundwater users or for environmental 
flows if the predictions prove to be substantially wrong?   
 
This focus on the issue of the mine inflows is reflected clearly in the sensitivity study 
done in regard to vertical permeability.  Aquaterra compute mine inflows (underground 
and open cuts) for different vertical permeabilities in the Permian strata (see Figures 4.5 
and 4.6 of Appendix F).  However, they do not present or discuss the impact of higher 
vertical permeabilities on bores, springs, creeks and “groundwater dependent 
ecosystems”.  What they do say is: 
 

“… given the sensitivities/uncertainties in relation to the vertical hydraulic 
conductivity parameter, it is recommended that appropriate contingencies be 
incorporated into mine water management plans, to cater for potentially higher 
mine inflow rates than the MC1.3 base case” 

 
The writer finds it extraordinary, and scientifically disturbing, that none of the extensive 
discussion given by Aquaterra of the sensitivity to, and uncertainty of, vertical 
permeability finds it way into the main text of the report.  The main text makes no 
mention of the impact of vertical permeability and appears to contradict the Aquaterra 
modelling report, because in Section 5.4 (p 40) it states: 
 

“Nevertheless, as the model possibly over-predicts past inflows to Ulan underground, the 
future inflow rates predicted by the model may be over-estimates, not only in respect of 
Ulan, but also at Moolarben ..” 

 
The main text (Section 5.4) goes on to say: 
 

“As indicated above, the model is considered conservative because of the assumption 
made in respect to historical dewatering rates at Ulan …” 
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The writer’s understanding of the Aquaterra modelling report (Appendix F) is not 
consistent with this claim in the main text.  Furthermore the word “conservative” needs to 
be considered carefully because it is here used only in the context of the mine operator 
(i.e. mine inflows).  For reasons set out above the writer is substantially of the view that 
the model is not conservative in regard to its predictions of impacts on existing bores, 
springs, creeks etc.  For example, given the speculative nature of the hydrogeological 
parameters for the Triassic used in the hydrogeological model, and the error in the water 
level for SP49, it is very difficult to accept the claim made in Appendix 5 that the impact 
of the mine on the water level in this bore will be 0.2m at the end of mining and 0.8m, 45 
years after mining. 
 
It must be understood that Appendix 5 predicts the underground mine will have a very 
substantial impact on the groundwater pressures in the Ulan seam (see Figure 4.4.6 in 
Appendix A of Appendix 5).  For example this would amount to a drawdown of some 
60m immediately beneath bore SP49.  The fact that the computer model at present 
predicts a relatively small impact on groundwater pressures in the overlying Triassic 
rocks is largely the outcome of speculative vertical permeability parameters adopted for 
the Triassic rocks and the undisturbed Illawarra Coal Measures (Permian).  In the writer’s 
view a more appropriate assessment would be obtained by a wide range parametric 
study of the impact of the assumed vertical permeability. 
 
 
4. CONCLUSIONS 

4.1 Surface Movements 

It is concluded that the environmental assessment, and in particular Appendix 8, 
significantly understates the probability of rockfalls and cliff line collapses along the 
Goulburn River gorge (Eastern gorge, Corner gorge, The Drip) caused by ‘far field’ 
movements arising from the longwall mining. 
 
4.2 Groundwater and Surface Water 

It is concluded that the groundwater impact study as given in Appendix 5 is substantially 
flawed in respect to predictions made on impacts on existing bores, springs, ephemeral 
creeks and the Goulburn River.  This is because of: 
 

(i) inadequate data on the hydrogeological parameters (groundwater levels, 
permeabilities, storativities) of the Triassic Narrabeen Group and probably 
also the basement granite 

 
(ii) inappropriate adoption of parameters in the MODFLOW model. 

 
It is concluded that the flaws in the groundwater impact assessment flow through to the 
Surface Water Assessment made by Patterson Britton & Partners (Appendix 6).  They 
note as a matter of fact that: 
 

“As inferred by their names, there is evidence of a number of springs and seeps that 
discharge groundwater to the surface throughout the catchments of Spring and Lagoon 
Creeks.  Landowners report that a number of spring-fed dams are able to maintain 
permanent water through extended dry periods due to groundwater seepage. 
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However, the volumes of individual spring and seep discharges are relatively small.  
Many seeps are only visible as patches of dampness or lush grass.  The flow rate of the 
largest spring flow observed in the study area is estimated at less than 0.1L/s (Peter 
Dundon & Associates).  Nevertheless, the accumulation of groundwater discharges is 
sufficient to maintain semi-perennial flow in the major tributaries and virtually permanent 
flow in the Goulburn River (either visible flow or flow within the sandy stream bed).” 

 
However, in Section 4.3 of Appendix 6 where Patterson Britton discuss “Potential Mine 
Impacts on Surface Water Hydrology”  they discuss the Infrastructure Area (4.3.1) and 
the Open Cut Areas (4.3.2) but they make no mention whatsoever of the potential impact 
of the longwall mining (Underground No 4).  The writer presumes this omission is only 
because Patterson Britton were given to understand by virtue of the groundwater study 
(Appendix 5) that the underground mine would have no impact on the surface regime, 
notwithstanding the nature of the springs and seeps that they describe so well. 
 
 
 
For and on behalf of 
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