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Water Research Laboratory 
 
Memorandum 
Groundwater Declines at Quipolly Creek - Overview 

 

To: Susie Lyle | Chair - Caroona Coal Action Group (CCAG) Date:  02/11/2015 

From: Doug Anderson Ref: 2015066DJA M20151102 

Subject: Independent Assessment of Groundwater Decline at Quipolly Creek – Overview (Revision 2) 

 

This memorandum provides an overview of the assessment work completed to accompany WRL’s review letter to CCAG 

of 13 October 2015.  The memorandum is provided at the request of the local landholders that commissioned the original 

work who requested an overview of WRL’s assessment. As the objective of this memo is to communicate the key issues 

and findings of WRL’s assessment to a general audience, details of supporting hydrogeological analyses have been 

excluded. Third parties must seek the express written permission of WRL to copy, reproduce or otherwise rely upon the 

information contained within this memorandum. This memorandum was lasted updated on 2
nd

 November 2015.  
 

 

Update 2
nd

 November 2015: The first revision of this document was based on materials published by Whitehaven Coal 

Company (WCC) on their website on 18
th

 July 2015. This second revision updates that document to acknowledge: 

1. A typographical error on page 11 of the original memo which referred to billion rather than million tonnes. 

2. Feedback from DP&E and WCC that one deep (170m) groundwater monitoring well has been drilled to the 

north of the mine (MW36b, GW970775) and WCC’s publication sometime after 7
th

 August 2015 of the updated 

groundwater monitoring database for the 2014-2015 monitoring period.  

3. The recent publication on WCC's website of an approved site water management plan dated 17 July 2015 

replacing the 2009 (2005 approved) plan that was downloaded from the WCC website on 18
th

 July 2015. 

 

Item (1) above does not change the findings of WRL's earlier work since the supporting analysis was based on depth of 

excavation and specific gravity (and not cut-fill volumes). 

 

Item (2) above does not change the findings of WRL's earlier work as the “deep” monitoring well has been located in 

basalt rock to the north, rather than the south, of the mine. As deep monitoring wells have not been installed between the 

south of the mine and Quipolly Creek (to measure both pre-mining and post-mining aquifer properties and groundwater 

levels), WCC does not possess the necessary data or has not reported an analysis to demonstrate with confidence that 

their activities are not contributing (significantly or otherwise) to the observed water level declines about Quipolly Creek. 

WRL’s review of the work summary sheet for the “deep” groundwater bore to the north of Werris Creek Mine (MW36b, 

GW970775) revealed the following: 

A. Only one deep well is installed, which is insufficient to characterize the direction and rate of groundwater flow 

any deep water bearing zones. 

B. The completion details for the "deep" monitoring well suggest that a water bearing zone was encountered at 

142m depth yet this section of the bore was "cased off". Instead, a gravel pack was installed from 5m depth to 

168m depth with screens to intercept the groundwater at 99m and 168m depth. In effect, this is not a deep 

monitoring piezometer, just a long well that collects both shallow and deep groundwater. 

C. A reference casing / ground elevation for the bore was not provided to DPI Water to facilitate conversions of 

groundwater depth to groundwater level. Without this survey a proper hydrogeological analysis of groundwater 

flow at this bore cannot be provided. 

D. It appears that Whitehaven did not provide a geological log for the deep monitoring well to DPI Water. The log 

and an understanding of the log is required to understand the geology including presence / absence of fractures 

and to interpret groundwater monitoring data at this well. The summary sheet indicates that DPI Water 

requested this log in April 2014. 

 

http://www.wrl.unsw.edu.au/
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If the Form A provided to DPI Water is correct, the situation described in (A) to (D) above, especially (B), could suggest 

that a professional hydrogeologist or geoscientist did not design this monitoring well and/or attend site to log the geology 

and/or provide on ground advice for completing the monitoring well to an appropriate specification. If the completion log 

on the work summary sheet is correct, it is WRL’s assessment that, despite having drilled a deep hole, Whitehaven have 

not constructed a deep monitoring well (piezometer). Clarification should be sought from Whitehaven and DPI Water on 

rationale for the construction and completion details of GW970775 and the objective of monitoring at this well. 

 

With regard to Item (3), WRL has not had an opportunity to review the revised site water management plan that was 

developed and is required to be implemented as part of the LOM project development consent. Nonetheless, we note: 

 Several revisions of the new site water management plan were made since 2011 prior to the approval of the 

most recent document by the Director-General sometime during 2015. 

 WCC appear to have been undertaking LOM project mining operations and groundwater management since 

project approval (September 2011) for almost four years using a combination of unapproved draft site water 

management plans and older groundwater management plans approved in 2005 for a much smaller mine and 

updated in 2009.  

 

This situation (in association with the observation of declining shallow groundwater levels at Quipolly Creek and the 

absence of the timely installation of deep monitoring bores to the south of the mine) appears to highlight weaknesses in 

the NSW environmental approvals process for this open cut mine project. In WRL’s opinion the project was approved 

and undertaken without suitable baseline data and without the timely approval and public reporting of project specific 

groundwater monitoring programs and plans. In the case of Quipolly Creek it is plausible that LOM open cut operations 

to 260 m AHD (about 90m below the level of Quipolly Creek) have resulted in the depressurisation of an unmonitored 

deep aquifer which has initiated the slow drainage of the shallower aquifers at Quipolly Creek and the loss of 

groundwater supply at landholder bores. 

 

Improvements to standards and practice which equip pre-mine and pre-approval groundwater monitoring and 

investigation programs to collect adequate baseline data might be considered. Fractured basalt rock geology tends to 

support highly productive and complex aquifers with local to intermediate scale flow paths (Figure A) and zones of 

enhanced permeability at the top and bottom of individual basalt flows (Figure B). Developing an adequate 

understanding of the complexity of fracture networks between open cut developments and environmental receptors 

requires characterisation and impact assessment efforts that are more detailed than those described in the EIS and the 

Annual Environmental Management Reports for the Werris Creek Mine Project.   

 

 

 
Figure A: Conceptual Model of a Fractured Rock Aquifer 

(Reproduced from https://water.usgs.gov/ogw/aquiferbasics/volcan.html) 
 
 

http://www.wrl.unsw.edu.au/
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Figure B: Conceptual Model of a Fractured Rock Aquifer 
(Reproduced from: http://pubs.usgs.gov/ha/ha730/ch_a/A-text7.html) 

 

WCC may continue to assert that climate and landholder irrigation water use is the cause of the declining groundwater 

levels to the south of the mine, however, this assertion: 

 Has not been supported by the presentation of sufficient evidence within the public domain in the form of 

estimates of landholder water use, numerical modelling of landholder water use (with the approved numerical 

groundwater model) and associated groundwater and mass balance calculations; 

 Appears inconsistent with the available baseline piezometric maps and WRL's observations (from data sets 

published by WCC) of post-mining changes in groundwater hydraulic gradients which suggest a potential 

reversal in the direction of groundwater from south (away from the mine) to north (towards the mine). 

 

WRL acknowledges that the installation of deep monitoring piezometers is costly. Future project approvals in similar 

geological environments might consider a simple cost benefit analysis that is required as part of the Environmental 

Impact Assessment (EIS) prior to the approval of a project. The analysis would compare the costs of suitable 

hydrogeological investigations and the installation of sufficient monitoring wells to the costs of providing makeup water 

supply to the surrounding groundwater users and environmental receptors that could, conceivably, be impacted. 

Ultimately, this should be the responsibility of the registered hydrogeologist or certified professional geoscientist acting 

on behalf of the proponent during the conceptualisation stage of the project prior to complex model development. Then, if 

the proponent elects not to install a groundwater monitoring network and undertake investigations or suitable modelling 

uncertainty analyses that reduce uncertainty to acceptable levels, the cost savings from that decision could be provided 

as a bond to NSW Government who would provide remediation services in the event that impacts are observed and 

insufficient hydrogeological data and analysis is available to clearly demonstrate that a loss of supply is not attributable to 

that project activity.  

 

Original Memorandum with minor modifications follows… 

  

http://www.wrl.unsw.edu.au/
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Background 
At least four (4) local landholders within 3km of the Werris Creek Mine lease operated by Whitehaven Coal Company 

(WCC) have lost, or have diminished, groundwater supply.  Under the conditions of development consent for the Stage 2 

LOM Project for Werris Creek Mine, WCC are required to effect ‘make good arrangements’ if the mine is responsible. 

 

WRL understands that WCC commissioned the consultant Ramboll ENVIRON to undertake water balance modelling for 

the mine operations.  The commission(s) have generated a number of Annual Environmental Management Reports 

(AEMRs) concerning mine water use and these reports assert that climatic factors and landholder water use, and not 

mine water use, are likely to be responsible for the loss of landholder groundwater supply (e.g. WCC 2015; ENVIRON 

2015).  To ‘measure’ groundwater use and groundwater impacts these reports rely upon a modified version of a 

numerical groundwater model described by RCA (2009) as part of the EIS studies for the project. 

 

WRL also understands that Ramboll ENVIRON was commissioned to review the complaints of local landholders 

regarding groundwater availability.  In May 2014 and June 2015, letters were issued to two (2) affected landholders by 

WCC indicating that, other than additional monitoring, no further action would be taken (Wright 2014; Wright 2015).  

 

Assumptions by Whitehaven Coal Company 
Whitehaven’s stance that climatic factors and landholder water use are responsible for loss of landholder groundwater 

supply appears to be predicated on several assumptions.  The principal assumptions identified by WRL are: 

A. Landholder wells cannot be affected by mining activity because monitoring well MW8, which is 5.4km (3.5km) 

from the active (inactive) mine workings, shows similar declines in groundwater levels and therefore landholder 

wells could not possibly be affected by the mine (ENVIRON, 2015); 

B. Landholder wells cannot be affected by mining because, if that were the case, monitoring wells MW7 and 

MW13 would also show impacts (ENVIRON, 2015); 

C. Groundwater level declines close to the mine workings at MW27 during 2014 are likely due to use of the well for 

extraction purpose (ENVIRON, 2015); 

D. Since 2012 approximately “4,800ML has left the 4km
2
 local groundwater systems along Quipolly Creek and 

Werrie Basalt aquifers as a result of low rainfall recharge” (WCC, 2015b) or the “aquifers that the farmers in the 

areas are relying on have been drawn down to the extent of 15,600 ML in three years” (Fuller, 2015); 

E. There is no mine induced impact at landholder bores because Whitehaven’s numerical groundwater model 

accurately predicts the drawdown at landholder bores and the groundwater flows into the mine workings 

(ENVIRON, 2015); 

F. The water balance model that predicts less than about 86 ML of groundwater inflow per year is well calibrated 

(ENVIRON, 2015); and 

G. A groundwater depth “CUSUM” analysis is, by itself, a suitable hydrogeological method for detecting and 

dismissing mining activity impacts for a mine water management and groundwater monitoring plan. 

 
WRL has reviewed all of these statements and their underlying assumptions.  This review (not shown here) finds that all 

of the above statements do not withstand logical or scientific scrutiny. 

 

Independent Hydrogeological Review and Analysis 

Locations of monitoring wells reported by WCC (ENVIRON, 2015) are shown in Figure 1.  Table 1 provides details of 

groundwater wells that have been or are being monitored.  The information in Table 1 is compiled from a variety of third 

party data-sources (NSW Office of Water, Whitehaven Coal Company and Landholders). Gaps, errors and/or 

inconsistencies were identified in every data-source.  The positions of groundwater bores and Groundwater Work ID 

attributions in Table 1 may not be 100% reliable. 

 

http://www.wrl.unsw.edu.au/
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Figure 1: Locations of Monitoring Wells Reported by ENVIRON Australia (2015)

This figure is reproduced from 

the Whitehaven Annual 

Environmental Management 

Report (AEMR) for 2015. Note 

that the locations of monitoring 
wells MW29 (Kyooma), MW31 

(Talvera), MW32 (Naranji), 

MW33 (Creek View), MW35 

(Black Gully Rd), P1, P2, P3 are 

not shown. The report also does 

not document the depth and 

screened interval of the 

monitoring wells. Geological logs 

for the monitoring wells were not 

identified in the reports 
referenced in the memorandum. 

http://www.wrl.unsw.edu.au/
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Table 1: Location of WCC Monitoring Bores 

MW ID 
Ground 
Water 
Work ID* 

Aquifer Screened GSElev Depth Easting Northing 
Coordinate 
Source 

Location Description 

BH1 GW902030 Werrie Basalt 420.64 96.6 275169 6524932 RCA (2009) In western mine aea (?) - Abandoned underground workings 

BH2 GW902030 Werrie Basalt 418.41 96.6 275169 6524932 RCA (2009) In NE Mine area (?) - Abandoned underground workings 

MW1 GW966036 Werrie Basalt 418.69 68.7 276323 6525107 WCC (2014) Hillview Bore - East of WC road, WCC Property 

MW2 GW966127 Werrie Basalt 413.15 65.5 276816 6524331 WCC (2014) Railway View Bore - East of WC road, WCC Property 

MW3 GW965729 Werrie Basalt 367.27 39.6 274595 6522940 WCC (2014) Eurunderee - In Mine/adj WCC Offices 

MW4 Unknown Werrie Basalt 364.92 8 275940 6522469 WCC (2014) South Narrawolga (lost) 

MW4B GW968729 Werrie Basalt 364.00 #N/A 275896 6522328 WCC (2014) South Narrawolga 

MW5 GW969632 Werrie Basalt 360.17 28 274900 6522046 WCC (2014) Narrawolga/Eurunderee Boundary - In Mine N end Wadwell Lane 

MW6 GW968727 Werrie Basalt 367.00 16 276810 6521544 WCC (2014) Plain View Bore 

MW7 GW070687 Quipolly Creek Alluvium 347.88 6.75 273181 6519844 WCC (2014) #N/A 

MW8 GW901858 Werrie Basalt 369.58 36.6 277124 6519281 WCC (2014) #N/A 

MW9 GW968725 Werrie Basalt 378.06 28 274165 6526458 WCC (2014) Train Load Out - Cintra 

MW10 GW965745 Werrie Basalt 371.46 22 273131 6526225 WCC (2014) Zeolite – Escott 

MW11 GW901447 Sandstone 347.56 7.6 272280 6528596 WCC (2014) Turnbull's Gap - NW of Mine close Rail junction 

MW12 GW968446 Quipolly Creek Alluvium 360.18 12.14 276312 6520489 WCC (2014) #N/A 

MW13 GW060407 Quipolly Creek Alluvium 352.10 5.5 274327 6519749 WCC (2014) #N/A 

MW13b GW060408 Quipolly Creek Alluvium 350.00 6.7 273968 6519581 WCC (2014) #N/A 

MW13d Unknown Quipolly Creek Alluvium 348.79 #N/A 273654 6519723 WCC (2014) #N/A 

MW14 GW968726 Werrie Basalt 379.94 26 274323 6526454 WCC (2014) Train Load Out 

MW15 GW900365 Quipolly Creek Alluvium 351.47 8.8 274222 6520047 WCC (2014) #N/A 

MW16 GW901185 Not reviewed by WRL 353.80 8 274657 6520225 WCC (2014) Mountain View Bore 

MW17a GW060085 Black Gully Alluvium 352.75 10 274563 6520332 WCC (2014) #N/A 

MW17b Unknown Werrie Basalt 359.63 23.12 274708 6521382 WCC (2014) #N/A 

MW18a GW902270 Black Gully Alluvium 353.04 7.5 274608 6520353 WCC (2014) #N/A 

MW19a Unknown Werrie Basalt 359.74 901 275499 6519421 WCC (2014) #N/A 

MW20 GW068159 Werrie Basalt 385.09 58.5 275565 6527437 WCC (2014) #N/A 

http://www.wrl.unsw.edu.au/


 Independent Assessment of Groundwater Decline at Quipolly Creek – Overview (Revision 2)  |  7 

 

  

 

 

MW ID 
Ground 
Water 
Work ID* 

Aquifer Screened GSElev Depth Easting Northing 
Coordinate 
Source 

Location Description 

MW21a GW966303 Black Gully Alluvium 357.19 12.2 275669 6520609 WCC (2014) #N/A 

MW22a GW011674 Quipolly Creek Alluvium 353.66 8.53 274750 6520214 WCC (2014) #N/A 

MW22b GW902269 Quipolly Creek Alluvium 354.22 7.53 274917 6520036 WCC (2014) #N/A 

MW23a GW900938 Quipolly Creek Alluvium 346.06 0 272836 6519720 WCC (2014) #N/A 

MW23b GW061515 Quipolly Creek Alluvium 345.59 5.8 272689 6519537 WCC (2014) #N/A 

MW26 GW011673 Quipolly Creek Alluvium 354.76 7.6 275383 6520596 WCC (2014) #N/A 

MW27 Unknown Not reviewed by WRL 356.75 #N/A 274639 6526104 WCC (2014) Cintra North Paddock off Escott Road - (W/P) 

MW28a GW058312 Quipolly Creek Alluvium 367.22 26 277521 6520386 WCC (2014) S Lowes Ck Rd 

MW29 Unknown Not reviewed by WRL #N/A #N/A #N/A #N/A Pinneena Kyooma 

MW30 Unknown Not reviewed by WRL #N/A #N/A #N/A #N/A #N/A #N/A 

MW31 Unknown Not reviewed by WRL #N/A #N/A #N/A #N/A #N/A Talavera 

MW32 Unknown Not reviewed by WRL #N/A #N/A #N/A #N/A Pinneena Naranji 

MW33 Unknown Not reviewed by WRL #N/A #N/A #N/A #N/A #N/A Creek View 

MW34 GW902638 Werris Creek Alluvium 365.00 42.7 277232 6519893 Pinneena 25 Silo Road 

MW35 Unknown Werrie Basalt #N/A #N/A #N/A #N/A Pinneena Black Gully Road 

MW36a^ GW005109 Not reviewed by WRL 355.76 
79.2 
99 

274353  
274320 

6525997 
6526004 

WCC (2015) S of Coal loader, E adj Coal Rd 

MW36b^ GW005110 Not reviewed by WRL 356.76 
18.3 
170 

274353  
274320 

6525997 
6526004 

WCC (2015) #N/A 

P_UG Unknown Werrie Basalt #N/A #N/A #N/A #N/A Pinneena #N/A 

P1 GW968560 Werrie Basalt 391.27 #N/A 274821 6524023 WCC (2014) In NW Mine area 

P2 GW968461 Werrie Basalt 379.00 25 275022 6523326 RCA (2009) In W Mine area 

P3 GW965729 Werrie Basalt 371.00 39.6 274599 6522941 RCA (2009) In NE Mine area 

* Best estimate of Groundwater Work ID based on reporting by RCA (2009) and analysis of WCC (2014) coordinate data with information registered in the NSW Government Database (Pinneena v10.1). 

Colour: 

 Monitoring wells highlighted in pink are reported to be dry (pers. comm. Price, H., 24th July 2015)  

 Monitoring wells highlighted in orange went dry and have been replaced by deeper bores 

1. Pers. comm Price, H., 4th September 2015 

2. Pers. comm Price, H., 5th September 2015 

3. Pers. comm Price, H., 4th September 2015: Went dry in July 2015. New bore sunk in early August 2015. Depth 50m (unconfirmed), Pump 25m (unconfirmed), Production 5.62 L/s (not confirmed) 

4. Pers comm. Price, H., 4th September 2015: Original bore went dry. Replaced by a new deeper bore.   

5. Pers. comm Price, H., 5th September 2015 
^Updated 2nd November 2015 
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Summary of Pre-Mine Baseline Conditions 

WRL’s review of groundwater related information published by WCC in their Annual Environmental Management Reports 

(AEMRs) and in their Environmental Impact Statement (EIS), in addition to consultation with local landholders reveals 

that: 

 WCC have not collected sufficient monitoring data to fully characterise baseline groundwater and aquifer 

conditions (i.e. aquifer properties, groundwater levels, groundwater pressures) and trends. 

 Groundwater in the basin previously flowed south through fractured Werrie Basalt towards the alluvium of 

Quipolly Creek.  For example, refer to the piezometric maps drawn for WCC in Figure 12 and 13 of RCA (2009) 

(Figure 13 is reproduced on the following page).  These maps indicate that the recharge zone for Quipolly Creek 

extended to the north, east and west of the current Werris Creek Mine Lease. 

 Prior to mining the Werrie Basalt was a confined aquifer system providing hydraulic head support (recharge) to 

the Quipolly Creek Alluvium, particularly during drought.  The pre mine hydraulic gradient from the mine lease 

towards Quipolly Creek was about 0.005 to 0.006. 

 Historically, local landholders have relied upon the natural hydraulic gradient to provide a source of groundwater 

recharge to their groundwater bores.  WRL estimates that landholder groundwater use is small (Table 2), less 

than 25 ML/yr/km
2
, which is equivalent to a groundwater level decline of 0.25 m/yr/km², assuming a basalt 

aquifer specific yield (drainable porosity) value of 10% as reported by RCA (2009). 

 The aquifer system has been incredibly reliable for the last 55 years, with no reports of dry wells during any 

previous droughts (pers. comm. Price, H., 24
th

 July 2015), most landholder bores have been completed to very 

shallow depths within either the very upper layers of the Werrie Basalt or the overlying Quipolly Creek Alluvium. 
 

Expected Groundwater Impacts from Werris Creek Coal Mining Operations 

Logically, the construction of any open cut mining pit within the recharge zone of Quipolly Creek must reduce 

groundwater flow towards Quipolly Creek.  It therefore follows that any open cut coal mining activity within the recharge 

zone of Quipolly Creek must also reduce groundwater availability at shallow landholder bores surrounding the mine.  The 

suggestion by WCC that mine operations are not contributing to declining water levels at Quipolly Creek is illogical. 
  

Mechanisms for Groundwater Impacts from Coal Mining Activity 

Open cut coal mining operations influence groundwater levels in surrounding aquifers by a number of mechanisms. 

These mechanisms include: 

1. Interception of groundwater via direct seepage into the mine workings; 

2. Interception of rainfall and runoff in the mine workings and subsequent evaporation of this water (some of this 

water would ordinarily have become groundwater recharge); and 

3. Mechanical unloading of underlying confined aquifers causing depressurisation and increased (or decreased) 

rates of downwards (or upwards) leakage from (or to) shallow unconfined aquifers. 
 

Observations of Groundwater Impacts 

Since mining commenced, groundwater levels in the open cut have declined by 120 – 180m.  Consequently, 

groundwater levels within the shallow fractured basalt rock aquifer adjacent to the open cut have also declined.  

Groundwater monitoring data by WCC indicates a 20m decline in shallow Werrie Basalt groundwater levels beside the 

pit.  Declines in the fractured network beneath the pit, which have not been monitored, will be greater. 

 

In the vicinity of Quipolly Creek groundwater levels have fluctuated, presumably as a consequence of climatic factors, 

landholder water use, mechanical unloading of the confined aquifer from mining activity and also from mine water use.  

Overall, a total decline in groundwater levels in the range of 1m to 10m has been observed near Quipolly Creek since the 

commencement of mining depending on the aquifer and location. 

http://www.wrl.unsw.edu.au/
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Between 2014 and 2015 a number of landholders bores (MW12, MW13, MW21a, MW22a, MW22b, MW26) have gone 

dry for the first time on record.  Recent observation data suggests that the Werrie Basalt aquifer about Quipolly Creek 

has transitioned from a confined aquifer to an unconfined aquifer.  There has been no irrigation usage between MW7 and 

Werris Creek Rd since Nov/Dec 2014 (pers. comm. Price, H., 20
th

 October 2015), however, groundwater levels continue 

to decline. 

 

 

Figure 2: Composite Piezometric Map of Pre-Mine Groundwater Levels (Source: RCA, 2009) 

http://www.wrl.unsw.edu.au/
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Table 2: Estimated Groundwater Use at Irrigation Bores and Landholder Bores Near Quipolly Creek 

Registered Purpose Bore / Well Name 
Estimated 
Usage* (ML/yr) 

DOMESTIC GW058312 (MW28a) 0.5
4
 

GW058745  0.5
4
 

GW969887  0.5
4
 

GW970342  0.5
4
 

DOMESTIC AND 
FARMING AND STOCK GW900344  2

4
 

DOMESTIC AND 
IRRIGATION AND STOCK 

GW060407 (MW13a)  35
5
 

GW900938 (MW23a)  4
4
 

GW900939   2
4
 

GW901185 (MW16) 0 

GW901858 (MW8) 2
4
 

DOMESTIC AND STOCK GW011673 (MW26) 0 

GW061515 (MW23b) 30
5
 

GW900285  2
4
 

GW900365 (MW15)  15
1 

GW901408  2
4
 

GW902638 (MW34) 2
4
 

GW966168  2
4
 

GW966303 (MW21a) 0 

GW966348  2
4
 

GW966349  2
4
 

GW968446  2
4
 

GW968447  2
4
 

GW969281  2
4
 

GEN USE GW029448   2
4
 

GW XPLOR GW034822  0 

IRRIGATION GW034570   2
4
 

GW060408 (MW13b) 5
5
 

GW070687 (MW7) 50
3
 

GW902269 (MW22b) 20
2
 

GW902270 (MW18a) 2
4
 

IRRIGATION AND STOCK GW060085 (MW17a) 4
5
 

STOCK GW011674 (MW22a) 0 

GW020505  2
4
 

GW027596  2
4
 

GW035702 2
4
 

GW043327  2
4
 

GW049009  2
4
 

GW066212  2
4
 

UNKNOWN GW048354   2
4
 

 Grand Total 209 

*Historical usage estimates at registered irrigation bores within the 96km² area surrounding Werris Creek Mine and all registered 
groundwater bores within the affected 8km² area near Quipolly Creek (pers. comm. Price, H. 20 October 2015; pers. comm. 
Grant, R., 9

th
 October 2015). There has been no irrigation between MW7 and Werris Creek Rd since Nov/Dec 2014. 

1. No pumping within the last two years. 
2. Bore has gone dry 
3. MW7 is an unmetered well in the region and used an estimated 50 ML/year during the 2014 -2015 period.(landholder estimate).  
4. Groundwater use at domestic bores and stock bores is assumed to be less than 0.5 ML/yr and 2 ML/yr, respectively. 
5. Estimates for other bores/wells are for between years 2011-2014. 

 

http://www.wrl.unsw.edu.au/
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Hydrographs 

Groundwater hydrographs for the region are shown in Figure 3. The data source for Figure 3 is the publically available 

data reported by WCC in Environmental Management Reports plus some additional groundwater level measurements 

recently obtained by landholders (pers. comm. Price H, 6
th
 September 2015). Table 2 summarises the computed rates of 

groundwater decline from the data presented in Figure 3. 

 

Note: 

 The comments and footnotes on the Figure and Table; 

 That loss of supply at landholder bores between 2014 to 2015 correlates with a reduction in groundwater level 

at MW28a associated with a change in the hydraulic gradient to the NNW towards the mine workings (Figure 2, 

Table 2); and 

 That Whitehaven stopped reporting groundwater levels for the P2 Location in September 2012 and the P1 

location in March 2014 when groundwater levels at these wells were the lowest on record and the annual rate of 

groundwater decline at both these wells was the fastest on record.  It is understood that monitoring location P2 

was destroyed. 

 

Changes in Hydraulic Gradients 

Analysis of Figure 3 and Table 2 highlights reductions in the hydraulic gradient within the shallow fractured rock aquifer 

system from the mine area towards Quipolly Creek. 

 

In general, there is a reduction in hydraulic gradient from about 0.005/0.006 in 2005 (north to south) to -0.002 in 

September 2012 (south to north).  In other words, the direction of potential groundwater flow reversed from conditions of 

groundwater flow from flow towards Quipolly Creek to flow towards the mine workings.  Between 2014 and 2015 the 

hydraulic gradient varied between about 0.002 and 0.000, suggesting a reduction in groundwater flow of 40% to 100%, 

relative to conditions in 2005 shortly after mining commenced. 

 

One Dimensional Groundwater Analysis  

Based on observed changes in the hydraulic gradient towards Quipolly Creek, WRL estimates that the volume of 

southerly groundwater flow to Quipolly Creek, between monitoring wells MW13 and MW28a, has reduced by no less 

than 50 ML/yr and no more than 500 ML/yr.  This amounts to 5% to 50% of the total (~1000 ML/yr) mine water use 

reported by WCC (2015). This range of values has been calculated from Darcy’s Law using a hydraulic conductivity 

value for Werrie Basalt of 1x10
-5

 m/s to 1x10
-6

 m/s as reported by RCA (2009), a fractured rock aquifer depth of 50m as 

reported by RCA (2009) and an aquifer width of 3km (the distance between MW13 to MW28a). 

 

Assessment of Groundwater Impacts by Whitehaven Coal Company 

Environmental Impact Statements (EISs) and Annual Environmental Management Reports (AEMRs) prepared by WCC 

(e.g. RCA, 2009; WCC, 2015a) estimate that coal mining activity at the Werris Creek Mine intercepts some 86 ML of 

groundwater from the Werrie Basalt fractured rock aquifer every year.  These same reports then conclude, on the basis 

of numerical modelling of this quantity, that coal mining operations are unlikely to affect groundwater levels at nearby 

landholder bores. 

 

This conclusion is logically invalid because there are issues with the numerical modelling.  For example, the analysis of 

groundwater impact by WCC only considered one of the three possible mechanisms by which coal mining activity can 

influence groundwater levels in surrounding aquifers.  The issues with the assessment are discussed in more detail 

below. 

http://www.wrl.unsw.edu.au/
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Figure 3: Groundwater Level Hydrographs (Data Sources: WCC (2015), WCC (2014), Ramboll Environ (2015), Price, H. (2015)) 
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Table 3: Rates of Groundwater Decline in Select Monitoring Wells 

Aquifer 
Monitoring 
Well 

Approx 
Distance 
to Mined 

Area 
(m) 

Groundwater 
Elevation  

September 
2012 

(m AHD)* 

Average Rate of Groundwater 
Level Decline 

Since 
Commencement 

of Monitoring 
(m/yr) 

Since 
December 

2011 (m/yr) 

Mine Void N/A 0 3101# / 250+ 5# 24+ 

Mined 
Area 

P1 (SW) 0 360.8 3.69 3.43 

P2 (S) 0 < 3531,5 N/A N/A 

 MW3 190 352.0 0.18 0.51 

Werrie 
Basalt 

MW5 400 351.84 0.11 1.17 

MW4B 360 353.41 0.44 1.50 

MW1 470 366.0 0.88 2.70 

MW2 800 388.1 0.15 2.23 

MW17b 1200 340.93 0.62 1.02 

MW14 1300 363.6 0.29 1.20 

MW6 1500 354.91 0.37 0.73 

MW12 2200 352.1 0.29 1.39 

MW20 2300 #N/A 0.29 0.77 

MW19a 3000 354.0 0.47 1.422 

MW8 3600 355.4 0.18 1.722 

Black Gully 
Alluvium 

MW21a 1900 350.83 0.91 1.50 

Quipolly 
Creek 

Alluvium 

MW26 1900 #N/A 0.95 0.66 

MW22b 2500 349.63 0.66 1.24 

MW13 2800 347.63 0.03 0.58 

MW28a 2800 358.71 2.04 2.122 

MW7 3600 #N/A 0.02 0.07 

 

1. Refer Figure 1 - Note there is a NNW hydraulic gradient from MW28a in Quipolly Creek Alluvium towards MW6, MW4B and the Mine Void near P2. 

There appears to be a potential for groundwater flow from the Quipolly Creek Alluvium towards the mine.  

2. Wells south of Quipolly Creek and east of Werris Creek Rd (MW28A, MW8, MW19a) exhibit faster rates of groundwater level decline than wells closer to 

the mine workings. This may be explained by a reduction in the westerly direction of groundwater flow (from MW28a to MW8 / MW19a) due to NNW 

groundwater flow towards the mine workings (see point 1 above). MW19a is understood to be one of the deepest boreholes in the area and is screened to 

an elevation of 270 m AHD, which is similar in elevation to the base of the active mine workings (250m AHD). Given that there is a hydraulic gradient from 

MW19a towards MW21a, MW12, MW17b, MW5, MW4B and MW3, the possibility of connectivity in the deep basalt aquifer between the mine workings and 

Quipolly Creek cannot be excluded at this time.  Given that open cut mining results in mechanical unloading (depressurisation and expansion) of confined 

aquifers, the possibility of mining enhancing the hydraulic conductivity of the basalt aquifer cannot be excluded at this time. Further investigation of 

structural geology and aquifer connectivity in the vicinity of MW19a is warranted. 

3. Note the very low groundwater level in MW17b. This suggests that groundwater from Quipolly Creek Alluvium is draining towards MW17b about 1200m 

south of the Mine Void. MW17b is used for stock and domestic watering purposes. Further investigation of this MW17b groundwater level reading is 

required. Intermittent groundwater pumping may be the cause of this reading. Alternatively, MW17b may intersect fractures connected to a lower discharge 

point (i.e. the Mine 1.2km to the north or Quipolly Creek 4km to the south-west)  

4. Groundwater level at this location may be influenced (increased) by leakage from Void Water Dams. 

5. WCC stopped reporting groundwater levels at this well in June 2012 when groundwater levels started declining. 

* Groundwater elevations are considered accurate to approximately ± 0.5m 

# 310m (Ramboll ENVIRON, 2013). 5m assumes 60m of head decline from an initial groundwater level of 370m since commencement of mining operations 

in 2005 to September 2012.  

+ 250m (Ramboll ENVIRON, 2015). 24m assumes 60m of head decline from 310m in September 2012 to 350m in March 2015. 

 

 

 

http://www.wrl.unsw.edu.au/
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Issues with the Assessment of Groundwater Impacts by Whitehaven Coal Company 

The issues with the assessment of groundwater impacts by Whitehaven Coal Company (details not shown here) include: 

1. The contribution of mechanical unloading to declining groundwater levels about the mine is not 

examined (e.g. RCA 2009).  WCC report that the regional basalt aquifer underneath the mine is confined and 

that coal mining operations remove 8 to 21 million cubic metres of overburden and interburden every year.  This 

is equivalent to some 20 to 50 million tonnes assuming a density of 2400 kg/m³. This mechanical unloading 

must result in depressurisation of the underlying regional confined aquifer system and also declining 

groundwater levels in overlying shallow aquifers. 

2. The contribution of evaporation of intercepted rainfall and runoff to declining groundwater levels about 

the mine is not examined (e.g. RCA 2009, WCC 2015a).  The interception and evaporation of surface water at 

the mine site must result in reduced groundwater recharge and declining groundwater levels about the mine. 

WCC (2015a) reports that coal mining activity intercepts and evaporates some 1000 ML/yr of water per year.  A 

fraction of this volume would ordinarily have become recharge to the regional aquifer system and should be 

reported as an incidental groundwater take on WCC’s groundwater licence in addition to the direct take.   

3. The existing assessments of groundwater seepage and modelled groundwater drawdown are based on 

incomplete water balance accounting and groundwater impact assessment practices that are not suited 

to predicting impacts at landholder bores.  For example, there is evidence of poor and  non-unique model 

calibrations, evidence of mixed treatment of water balance input / output quantities and no reporting of 

calculated evaporation and levels for some storages.  Furthermore, the groundwater model is not based on field 

measurement of aquifer properties between the mine and landholder bores, and those parameters that are 

adopted for modelling impacts appear inconsistent with available aquifer test data and typical literature values.  

 

Re-Analysis of Groundwater Impacts 

Rates of groundwater level decline to the south of Werris Creek mine for the last 3.5 years are in the range of 0.5 to 

2.0 m/yr.  Preliminary analyses of the factors that may be contributing to these observed groundwater level declines has 

been undertaken. These analyses did not involve numerical modelling of groundwater flow. The analyses considered: 

 Reductions in Rainfall 

 Landholder Water Use 

 Water Usage at Quipolly Dam 

 Groundwater Take 

 Mechanical Unloading Effects 

 
In summary the preliminary analysis (not shown here) finds: 

 Recent reductions in annual rainfall of 120 mm/yr explain only a 0.03 m/yr decline in groundwater level. 

 Landholders in the 8km² area about Quipolly Creek are unlikely to be using more than 200 ML/yr of 

groundwater (Table 2).  In the absence of rainfall recharge, WRL estimates this groundwater usage would 

cause a 0.10 m/yr decline in groundwater levels in Quipolly Creek Alluvium and a 0.25 m/yr decline in 

groundwater levels in the Werrie Basalt Aquifer. This estimate is based upon a desktop analysis of the aquifer 

parameters modelled by RCA (2009). 

 Interception of runoff by Quipolly Dam might explain some reduction in recharge or regional groundwater levels, 

however, Quipolly Dam has been operating for many decades and the raising of the dam crest is unlikely to be 

responsible for recent declines.  WRL estimates that annual town water use and evaporation from the dam 

would translate to a decline in aquifer levels of no more than 0.08 m/yr. 

 Factors and processes other than reduced rainfall, landholder groundwater use and Quipolly Dam operations 

must be responsible for the majority of the observed groundwater level declines. 

The preliminary analysis of Werris Creek Mine operations (not shown here) finds: 

http://www.wrl.unsw.edu.au/
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 For the last decade, Werris Creek Mine reportedly intercepted about 100 ML/yr of groundwater. 

 Approximately 50% of this total abstraction (50 ML/yr) would have historically flowed south through the fractured 

basalt aquifer in the direction of Quipolly Creek – this represents 25% of the estimated groundwater use by 

landholders. 

 Hydraulic gradients from Werris Creek Mine to Quipolly Creek have decreased by 40-100% since the 

commencement of mining – this corresponds to an estimated reduction in groundwater flow of at least 50 ML/yr 

but no more than 500 ML/yr. 

 Of the eighteen (18) wells being monitoring by WCC near Quipolly Creek, six (6) wells have gone dry in the last 

few years for the first time on record – this represents 33% of the monitored wells along Quipolly Creek; 

 WCC is currently reporting water capture and evaporation rates in the order of 1.0 – 1.5 GL/yr without closure of 

their mine site water balance – a proportion of this water would have previously become groundwater recharge. 

 The Environmental Impact Statement (EIS) for Werris Creek Mine did not consider the influence of mechanical 

unloading from open cut pit operations on regional aquifer pressure levels – this process could readily explain 

declines in groundwater pressure beneath the active mine workings in the order of tens of metres per year. 

 WCC has no deep groundwater wells for tracking the depressurization of regional aquifer system. 

 WCC has not investigated aquifer properties between Werris Creek Mine and Quipolly Creek. 

 Some of the aquifer properties adopted in the EIS that predict no impact to landholder bores, appear 

inconsistent with available aquifer test data and typical values published in the literature. 

 

Review of Legislative Requirements 
WRL notes that under the Environmental Planning and Assessment Act 1979, WCC was required to demonstrate to 

NSW Department of Planning a consideration of the principles of Ecological Sustainable Development (ESD), as defined 

in the Protection of the Environment Administration Act 1991, when designing their project.  The precautionary principle 

which is one of the principles of ESD requires states that “if there are threats of serious or irreversible environmental 

damage, lack of full scientific certainty should not be used as a reason for postponing measures to prevent 

environmental degradation”. 

 

The measurement of aquifer properties between an activity and an environmental receptor is considered by WRL to be 

an essential hydrogeological requirement for groundwater impact assessment and a necessary activity to meet the 

minimum ESD requirements of the Act. However, rather than conducting aquifer testing and analysing suitable high 

frequency transient water level record data, WCC’s EIS Groundwater Impact Assessment for the Werris Creek Mine 

LOM Project provided the following opinion on the necessity of field investigations of aquifer properties between Werris 

Creek Mine and Quipolly Creek (Page 30 of RCA, 2009): 

“The presence of weathered clay above the underlying basalt is not known due to the absence of drilling 

records… Further drilling of the basalt is likely to only provide detail on a micro level and not substantially 

assist in model parameterisation or calibration” 

 

WRL also considers the measurement of groundwater levels and pressures in deep aquifers beside open cut 

developments to be an essential requirement for groundwater impact assessment. The NSW Office of Water (now DPI 

Water) agrees with this assessment. Their formal assessment of the EIS submitted to NSW Department of Planning and 

Infrastructure (NOW, 2011) stated: 

“The fact that there are no surrounding bores that go to the full depth of the coal does not mean that groundwater 

in the areas surrounding the mine has been adequately characterised. NOW does not consider that the available 

monitoring points are sufficient… The proponent must develop an extensive groundwater monitoring plan… to the 

satisfaction of NSW Office of Water”.  

 

http://www.wrl.unsw.edu.au/
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Since the approval of the mine expansion, WCC have not reported the installation or monitoring of any deep monitoring 

bores to the full depth of the coal measures to the south of the mine. The Minister for Planning and Infrastructure’s 

approval of the project under Section 75J of the Environmental Planning and Assessment Act 1979 dated 14 September 

2011, states: 

“The proponent shall prepare and implement a Water Management Plan for the project to the satisfaction of the 

Director-General. This plan must be prepared in consultation with NOW and OEH by suitably qualified and 

experienced persons whose appointment has been approved by the Director-General, and submitted to the 

Direct-General by the end of April 2012. 

 

In addition to the standard requirements for management plans (see condition 2 of schedule 5), this plan must 

include: 

… 

(c) a Groundwater Management Plan, which includes: 

 • detailed baseline data of groundwater levels and quality surrounding the site; 

 • groundwater assessment criteria, including trigger levels for investigating any potentially adverse groundwater 

    impacts; 

 • a program to monitor : 

  - groundwater inflows to the open cut mining operations; 

  - the impacts of the project on any groundwater bores on privately-owned land; 

  - the seepage/leachate from water storages or backfilled voids on site; and 

 • a program to validate the groundwater model for the project, and calibrate it to site specific conditions; and 

 • a plan to respond to any exceedances of the performance criteria, and mitigate and/or offset any adverse 

  groundwater impacts of the project.” 

 

A NSW Department of Planning and Environment Spokesperson has indicated that the Water Management Plan for the 

project was approved by the Director-General in 2015.  

 

In summary: 

 On 3 February 2011, NSW Office of Water indicated to NSW Department of Planning and Infrastructure in their 

formal response to the EIS that the groundwater monitoring program was inadequate as they were no deep 

bores to the full depth of the coal measures; 

 On 14 September 2011, NSW Department of Planning and Infrastructure approved the project on the condition 

that a detailed groundwater management plan be prepared to obtain detailed baseline data and to re-calibrate 

the numerical model to the satisfaction of NSW Office of Water; and 

 As of September 2015, there was no public reporting by WCC that groundwater bores had been installed to the 

full depth of the coal measures to collect baseline data to the south of the mine and monitor for impacts 

between the mine and Quipolly Creek. 

 

McCutcheon (2015) reports that NSW DPI Water has reviewed this matter, finding no breach of the legislation. 

 

Conclusions 
WRL's review finds that the conclusions presented by Whitehaven Coal Company (WCC) - that coal mining activity at 

Werris Creek Mine is not responsible for declining groundwater levels at landholder bores near Quipolly Creek and that 

climatic factors and landholder water use is responsible - are not supported by a hydrogeological analysis that meets 

minimum acceptable standards for hydrogeological or professional engineering practice.  WRL's review also finds that 

the arguments and assumptions presented by WCC in support of their conclusions that drought, landholder water use 

and Quipolly Dam upgrades are solely responsible for declining groundwater levels are not supported by logical 

reasoning and/or evidence.  WRL's hydrogeological analysis finds that, in the absence of scientific data and reliable 

http://www.wrl.unsw.edu.au/
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analysis suggesting otherwise, it is likely that coal mining operations at WCC's Werris Creek Mine are contributing to the 

impacts currently being observed at landholders bores. 

 

Recommendations 
Given the lack of adequate baseline data upon which the Werris Creek mining proposal was approved, and because 

there is an absence of deep boreholes about the mine, further work is required to determine the degree to which coal 

mining activity is impacting groundwater levels at landholder bores.  Ideally, further work would comprise: 

 More detailed review of the mine water balance; 

 A detailed assessment of landholder groundwater use; 

 Installation of deep monitoring wells (250-270 m AHD) both around the mine and near Quipolly Creek; 

 Field investigations to measure fractured rock aquifer properties (hydraulic conductivity, specific storage and 

specific yield) between the mine and Quipolly Creek; 

 Re-calibration of the regional groundwater model to include transient scenarios matching available groundwater 

level and aquifer testing observations; and 

 Revised prediction of system behaviour in response to drought and mining activity. 

 

There are a number of actions landholders can take to facilitate a more comprehensive hydrogeological data analysis to 

support improved groundwater impact assessment.  These actions should include but not be limited to: 

1. Recording groundwater levels in monitoring bores on an hourly basis with data-loggers; 

2. Installation of deep monitoring bores north of Quipolly Creek and affected landholder bores at a similar depth to 

MW19a; 

3. Recording the durations of pumping (start time/date and stop time/date) and pumping rate (L/s) – or details and 

specifications of irrigation system - at all irrigation and stock and domestic bores in the catchment, including 

historical groundwater usage for the last 10-15 years; 

4. Coordinating high frequency data collections (1 above) at all monitoring bores before, during and after any 

irrigation (3 above), i.e. conduct an aquifer pumping test.  Ideally aquifer pumping tests would last for a duration 

of 7-30 days with only one pumping well in the region in operation at any one time; and 

5. Undertaking groundwater flow modelling to explore the findings of this preliminary study in more detail.  

 

WRL also recommends an independent review of WCC’s compliance with their mining approval provided under Section 

75J of the Environmental Planning and Assessment Act 1979. 

 

Disclaimer 

WRL has not completed any on-ground assessment or confirmation works as part of this preliminary study. The 

assessment relies on information published by Whitehaven Coal Company on their website and information supplied by 

landholders in the affected area. While a staff member of the UNSW Connected Waters Initiative inspected the work 

product supporting this memo, this document does not constitute a WRL Technical Report as defined by WRL’s Quality 

Management System to ISO 9001. WRL Technical Reports contain technical details that have been independently 

verified by WRL staff, internally reviewed by WRL staff, and approved by the WRL Manager. The analysis, commentary 

and conclusions in this memo are provided to highlight the key issues, support further work and to draw attention to 

minimum standards of professional engineering practice that WRL believe must be maintained by practicing water 

professionals when undertaking and approving hydrogeological assessments.   

 

http://www.wrl.unsw.edu.au/
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