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Response to DNR&W Preliminary Draft Review of groundwater in the Mt Larcom Bracewell area. 
Prepared by A  Lucke for East End Mine Action Group Inc.
Executive Summary
After a long and intensive scrutiny of DNR&W’s Preliminary Draft Review of groundwater in the Mt Larcom Bracewell area I have decided that the most productive way forward is to focus upon the Hydrogeological Conceptual Plan upon which I hold very grave reservations.
From a beneficial viewpoint, the DNR&W study correctly identifies the continuing gravity drainage of water from Upper Bracewell to Lower Bracewell and a gradient down Hut Creek into East End where mine impacts are adjudged to be worsening. Yet no map of the mine affected area is provided to enable landholders to seek relief under make good provisions. There are admissions about an alluvium connection between Bracewell and East End through Weir 2 and recognition that Lower Bracewell enters a protective holding pattern around 67 AHD. There is acknowledgement of karst and that conduit flows may be occurring; recognition that under very dry conditions recharge at Bracewell occurs from the alluvium to the limestone and volcaniclastics.
However, despite DNR&M’s slowly evolving broad recognition of circumstances in the preceding paragraph, the conceptual plan still does not mirror the aquifer’s circumstances. If the conceptual plan is flawed, as I contend it is, then the understanding of aquifer behaviour is inadequate. The values attributed to the volcaniclastics by virtue of the water balance alone, is a paradox. A most curious anomaly, as on one hand the DNR&W conceptual plan relies upon low permeability of the volcaniclastics to disclaim mine impacts and on the other, they use flawed methodology to produce a water balance that has great excesses of water (under intense drought conditions) for which they cannot account.

As a party to the dispute, DNR&W continues their long standing tradition of deliberately mis-classifying bore log strata and values as a means of arriving at outcomes to justify earlier flawed scientific assessments. Alluvium bores with a proven water bearing source in alluvium (above volcaniclastic bedrock) are incorrectly classified and prescribed volcaniclastic values. In two crucial instances, alluvium bores that are wrongly classified as being in limestone, are used to justify far reaching but erroneous conclusions of limestone aquifer recovery in Upper Bracewell. In another less important example, a limestone bore is classified as alluvium. One particular bore receives conflicting classifications on different pages. 

In a gesture of appeasement  DNR&W on one hand, say they recognise karst but assess the aquifer according to darcian flow principles and then under recharge conditions fail to make allowances for conduit activity and / or increased rates of flow under more dynamic circumstances. The pattern of local karst aquifer behaviour indicates that tranmissitivity under existing depressed flow conditions may be laminar but under buoyant recharge conditions, turbulent. Yet there is no endeavour to canvass such internationally recognised traits or to discuss the wider implications of such variations of aquifer behaviour.
DNR&W’s conceptual plan ignores serious anomalies like the saw tooth pattern of Lower Bracewell hydrographs that does not even remotely conform with DNR&W’s drought thesis. To ignore such a discrepancy strikes at the very heart of DNR&W’s conceptualisation. The absence of any attempt of an explanation flags a disconcerting lack of rigour in DNR&W’s approach.
DNR&W make no clear and unambigious statement that the East End aquifer conforms to the internationally recognised adage that an artificially depleted aquifer cannot fully recover. 
There is no obvious will to correct existing errors (that have been repeatedly bought to attention) like Jacob Creek running into Machine Creek when in fact it runs into Scrub Creek; or to investigate other issues of substance that do not conform with DNR&W’s position.

· It is my considered opinion that the conceptual plan is an elaborate fabrication that should be scrapped. Many other components within the report not commented upon would then be invalidated as well.
The continued rejection of hard, factual evidence by Bruce Pearce leaves EEMAG with no other option other than to declare the following points as proven, non-negotiable facts. We are confident that a court would react favourably to the strength of our evidence and rule in our favour. We challenge DNR&W to either rebut these facts by producing convincing evidence to the contrary or to accept them as valid and to adjust their conceptual plan accordingly.
1. Local aquifers are karst and behave differently to a “normal” or darcian flow aquifer.

2. The water bearing source within the subset of bores associated with Machine Creek is in alluvium. These bores are: 57024 (W27), 57025 (W28), 57038 (W43), 97931 (98-1), 111133 (99-1), 97540 (97-1A), 97541(97-1B), 2007-1C and 2007-1 D.

3. The shortfall within the East End aquifer in 1991, when Bracewell fully recovered but East End did not, was a mine impact. East End was already conforming to the internationally recognised adage that artificially depleted aquifers do not fully recover.
4. Initial drawdown of the Bracewell limestone aquifer post 1993 preceded drawdown of the Bracewell Machine Creek alluvium.

5. Hydrographs of Lower Bracewell bores do not correlate with the Rainfall Deviation from the Mean and therefore the DNR&W drought thesis is not a valid explanation of the behavioural pattern in Lower Bracewell.

At the last technical meeting at Mt Larcom I outlined a hydrogeological conceptual plan and highlighted examples (by faithfully replicating quotations) of the great contradictions and inconsistencies of DNR&W’s past rulings and present findings that continue to expediently dismiss our evidence, including the professional opinions of our highly reputed experts.

Since then, I have redrafted the conceptual plan hopefully with greater clarity.  The sequence of this presentation is as follows:  

Executive Summary

EEMAG Conceptual Plan. 

Comments on DNR&W’s conceptual plan

Discussion on key points 

Comments upon weaknesses in the DNR&W Report.  

EEMAG conceptual Plan
Background
Pre-mining, the East End and Bracewell karst limestone aquifers appeared to operate in perfect equilibrium. The limestone deposits are documented to be geologically complex with aquifer permeability fluctuating between high values and low and to very low values.  Historically the limestone and alluvium aquifers were in such close harmony that individual aquifer characteristics were not discernable. Caves are documented at various locations in Bracewell with sink holes and karst landform  more prevalent than at East End where the lower topology is capped by a deep clay profile deposited from Bracewell. 
Perennial springs occurred at:

· Machine Creek above Weir 2; 
· at the Bracewell / Hut Creek interface; 
· around the old Bracewell cheese factory area where gradients flowed to Scrub Creek at Cedar Vale; 
· at the Jacob’s Creek headwater catchment. 
· Springs also occurred at the existing mine site and at various other known pressure points around the district; 

· Under all climatic conditions, the Bracewell limestone aquifer sustained permanent stream flow of Machine Creek at the bridge on Bracewell Road and springs above Weir 2. 
At various points, streams alternated between gaining and losing or became sinking streams that disappeared underground. Under prime recharge conditions the various creeks draining from Bracewell provided bountiful surpluses to East End and other down gradient areas.
See attached  / simplistic conceptual plan diagram and  the following supportive text. 
1. Historically Bracewell’s water table was many metres higher than East End’s. Bracewell with its higher incidence of karst landform and sinkholes is a primary generator of recharge with East End a receiver of the great surpluses flowing from Machine Creek, Hut Creek, Jacob’s Creek and Robertson’s Creek via Scrub Creek to the discharge side of the mine. These creeks are part of the Calliope River Water Catchment. Scrubby Creek also flows from Bracewell but drains north to the Fitzroy River Catchment.

2. Other than for a limestone connection to Bracewell, it is commonly agreed that Lower Jacob’s Creek has no permeable geological connection to the mine. 

3. By their very existence, the pre-mining perennial stream surface flow of Machine Creek at the Bridge on Bracewell Road and permanent springs at different locations above Weir 2 set the pre-mining benchmark at which the Lower Bracewell levels “held.” I.e. 70m + AHD.

4. Pre-mining the historically sustained AHD level of the Bracewell limestone aquifer (under all conditions) ensured that limestone recharge flowed to the creeks and alluviums. The correct interpretation of the Bruce Pearce contours is that the higher elevation limestone aquifer recharged and pressurised Machine Creek and its environs. (Not the other way around!) For confirmation, see Bruce Pearce’s graduated recharge contours. See also an approximately 1.5 m recharge shortfall at alluvium bore 97931 (98-1) as proof that with the loss of the springs, supercharging of the shallow alluvium and clay profile within proximity of Weir 2 changed. 

5. Once mining at East End commenced in 1979, the mine had an immediately detectable (but neglected) effect that fluctuated according to recharge influences.  As hydraulic connections to the mine grew more extensive the mine captured an ever increasing percentage of recharge.

6. At Bracewell and Cedar Vale, mine effects throughout the climatically variable 1980’s were masked by seasons adequate to sustain reasonable water levels and moderate recharges. Although some individual concerns, particularly about the status of Machine and Scrub Creek were expressed in the late 1980’s, such concerns eased during the recovery period of 1988, 1989 and 1990/91 floods.

7. A sequence of above average rainfall years in 1988, 1989 and 1990 culminated in flood rains in early 1991 that led to a full Bracewell aquifer recovery in March 1991. However at East End, entrenched mining impacts via conduit connections captured so much of the recharge as to negate a similar aquifer recovery. Documentation confirms that by 1991 East End was conforming to the internationally recognised adage that an artificially depleted aquifer cannot recover. For confirmation of the calculated recharge shortfall at East End (over about 20 sq kilometres) see Figure 9 (as compiled by Resource Sciences Centre) “Mine Impacted Area 1991” DNR Final Position Paper 1998. 

8. Full recovery at Bracewell in 1991 (the only full recovery over the 30 year life of the mine) can be attributed to a combination of circumstances that included highly favourable recharge conditions, geological features peculiar to Bracewell, coupled with the buffering capacity of a then, much more modest East End water loss due to mining (by comparison with the present) causing Bracewell’s inflow and storage (under prime recharge conditions) to exceed outflow so that full recovery (including filling of the Bracewell Lake) occurred. 

9. Within weeks of flood rains and full recovery at Bracewell in March 1991, unprecedented losses of creek status occurred at Hut Creek within the East End aquifer and Robertson’s (or Spring) Creek at Kelly’s in Bracewell. Confirmation is available in historical transcripts from landholders Gary Peters and Pat Kelly from EEMAG files (previously copied to Bruce Pearce). These permanently imposed circumstances are inexplicable other than if the losses were conduit related.

10. Post 1991-1993 the rapid decline of aquifer levels at East End and Bracewell coincided with below average rainfall and deepening of the open cut East End mine pit from RL 36 to RL 45. Rapid aquifer levels losses in the unduly compressed timeframe to 1993 plunged Lower Bracewell limestone (for the first time) about four metres or so below the protective 70 m + barrier at B57105 (B35) at which the Lower Bracewell aquifer traditionally “held” – the loss of those crucial metres to about 67AHD – ushered in a Lower Bracewell limestone aquifer saw tooth pattern – of muted recharges and progressive declines to the same minimal level on five subsequent occasions. This pattern now characterises and dominates Lower Bracewell hydrographs. See hydrograph for 57105 (B35.)
11. Mine impacts upon the limestone aquifers triggered a domino effect that caused the reversal of underground flow gradients from Machine Creek to Hut Creek and from Bracewell to Jacob’s Creek. Reverse gradients and partial capture of underground catchments imposed indirect mine effects (the equivalent of continuous drought) well north of Hut Creek and in Lower Jacob’s Creek. For confirmation of the Machine Creek  / Hut Creek changes see DNR Position Paper 1998 and Peter James July 1997 Report for the CLG. For confirmation of reverse gradients between Bracewell and Jacob’s Creek  compare CR Dudgeon 1980/4 Report and post 1995 hydrographs of  57105 (B35 at Lucke’s) Bracewell and 57037 (W42) in  the Bracewell section of  Jacob’s Creek.

12. By 1994-5, under drought conditions, the Lower Bracewell limestone aquifer slipped permanently below the pre-mining holding pattern of 70 m +AHD and meshed at around the 67AHD. As a consequential effect, the stranded alluvium drained down to the extent that there was neither springs nor stream surface flow at the Machine Creek bridge on Bracewell Road and the historically permanent section of Machine Creek from Weir2 to East End Road began drying up. 

13. Alluvium well 57025 (W28) at Webb’s was dug in 1947 and remained in daily use (including throughout the 1960’s drought) until decommissioned when it went dry in 1994. (Reference, personal recollections of the landholder, the late Mervyn Webb) Confirmation also available from Merle Webb and /or by reference to the hydrograph of W28.

14. The fact that initial depletion of the Lower Bracewell limestone preceded  drainage of the Bracewell, Machine Creek alluvium coupled with the volumes associated with continuity entirely disproves Weir 2 alluvium as the principal means  of drawdown upon the Bracewell limestone aquifer. However, there are strong hydrogeological indicators and a great deal of research proving Machine Creek and its alluvium constitutes a significant connection between Bracewell and East End. Bores in this alluvium connection have been pump tested under drought conditions only. It is speculated that under prime recharge conditions much greater volumes would be extracted. 

15. Claims of drought (over the longer term) as a logical explanation for Bracewell’s early /mid 1990’s unprecedented crisis represents an invalid comparison. Dissenting parties are desperate to avoid the initial,compressed  timeframe by dismissing comparisons with the 1960’s (when the traditional barrier held and the springs did not fail) by quoting intense and more prolonged drought periods. But even this explanation flounders on the basis that post 1995, the deviation from the mean rainfall graph bears no correlation between the acute prolonged drought and the recurring saw tooth pattern where Lower Bracewell hydrographs keep fluctuating to the same AHD level. If the current Bracewell limestone aquifer levels correlated with drought then the aquifer would be many, many metres lower and certainly not at or near the level of 1995.
16. Since August 2005, under severe drought conditions, sporadic but sometimes intensive irrigation about a kilometre above Weir 2 has lowered the aquifer a modest amount below the bottom of the saw tooth pattern.  Monitoring of these irrigation effects  indicates that gravity drainage  (inflow) from further up the system almost matches Bracewell’s consumption + outflow to East End while operating  under Bracewell’s  familiar holding pattern. This is perhaps not altogether surprising as every litre intercepted at Bracewell is a litre that will not reach East End. However the prospect of a relatively stable balance between inflow and outflow under Bracewell’s holding pattern is an altogether different scenario to basing claims of stability upon an exhausted outflow. Those responsible for aquifer assessment have shown a deplorable reluctance to monitor the consumption and impacts of irrigators so as to establish Bracewell’s storativity and inflow / outflow equation. Provided the cooperation of the irrigators can be obtained and the weather does not unduly complicate things, such research goals are eminently achievable.
17. If it is accepted that the historically permanently springs above weir 2 set a pre-mining benchmark below which the Lower Bracewell limestone aquifer level never fell, then it must likewise be accepted that when the 2004 Lower Bracewell recharge reached just over 70m AHD at B57105 (B35) - when the springs did not reappear – that Lower Bracewell levels in March 2004 were simply not high enough to reactivate these springs..
18. Under drought conditions, mine impacts keep the Bracewell limestone aquifer chronically depleted while effectively segregating the alluvium from all but the barest base flow from the limestone. When denied the full support of the limestone the stranded alluvium cannot cope and is highly susceptible to drought.  However, unlike the limestone, Machine Creek and its alluvium connections has shown that with good rain, alluvium bores and wells recover to pre-mining levels. Under persistent, chronic depletion of the Bracewell limestone aquifer the normal recharge pattern and recharge efficiency does not apply and  when Machine Creek and its environs recharges in isolation, the system runs backwards with the Creek attempting to recharge the limestone. This is an absolute departure from the traditional recharge cycle from limestone to creek and is the equivalent of the corner store trying to supply Woolworth’s distribution chain! 

19. Obviously the much deeper depletion levels at East End lessen the buffering capability that once existed between East End and Bracewell. Herein lies a feasible explanation for the change in the holding pattern from above 70 + metres to below 67metres.
20. In as much that the limestone based springs demonstrably ceased once the Lower Bracewell aquifer fell below 70 +AHD there is no reason to assume that conduits may not exhaust in the same way. The only feasible explanation of conduits under the existing hydrological regime is that conduits between Bracewell and East End connect only to the depleted East End aquifer and gratuitously exhaust or transmit lesser volumes as the Lower Bracewell aquifer level falls to around 67AHD. Evidence in support of such a conduit connection rests with claims:

· depletion of the Bracewell limestone aquifer preceded exhaustion of the alluvium;

· of pig effluent odours from Bracewell being detected at 97423 (B105) at East End 
· high nitrite levels detected at the mine  

· a 5 m spike at B105 recorded in isolation in March after the February 2003 recharge filled the Bracewell Lake;

· in contrast, flooding of Machine Creek. has only ever caused the barest blimp on the screen at nearby B105;

· the 2002 dye tracing experiment when dye injected at Bracewell was detected in a sample taken at the mine;

· the recurring saw tooth pattern of recharge and loss within the Bracewell limestone  when on 5 separate occasions since 1993 minimal aquifer levels have stabilised at around 67AHD;

· proof of an effective Bracewell / Hut Creek hydraulic interconnection to East End exists in the gradient from Bracewell to East End. The relevance of this interconnection was reinforced by the 2003 recharge event when substantial recharges occurred in the gradient sloping northwards of Hut Creek (unlike the uninterrupted gradient flowing south to the mine where recharge was negligible.)
· Monitoring data shows the mine discharged at least 1,000 megalitres in the 3 months of December 2003-March 2004 during a period of above-average recharge when the head rose at Bracewell.  Rainfall for Dec 2003 was 206 mm; for Jan 2004 was 266 mm and for Feb 2004 was 109 mm    

21. In 1994-5, following establishment of chronic depletion upon the Lower Bracewell limestone aquifer, the already stranded Machine Creek Bracewell alluvium, for the first time, drained close to a point of exhaustion. To the present (January 2008) the springs above Weir 2 have not reappeared and with each successive dry  within a long drought cycle, the alluvium trends to periodic recharges and ever lower points of exhaustion. Unless substantial rain falls in the required manner the pooled area above Weir 2 cannot rebuild nor the creek attain the levels necessary to effectively penetrate the limestone aquifer within the prime recharge zone some 2-3 kilometres above Weir 2. For confirmation see Bruce Pearce’s recharge contours and the comprehensive Machine Creek stress period data collected by A Lucke over the last 10 years.

22. With regard to the major February 2003 rainfall event that occurred over about two and half days - the Bracewell limestone aquifer had first to restore AHD levels above the holding pattern where daily losses are much less than when aquifer levels are higher…. all local creeks flooded, with the system initially recharging in reverse from the creeks to the limestone. The Lower Bracewell limestone recharge reached only about 4.50 m while recovery in the mine affected zone at East End where an uninterrupted gradient drains to the mine was restricted  to a miserly 1 m >.  

23. The mine pit inflow volumes following the February 2003 rainfall event did not match that of February 2004, when from a higher base, (the Bracewell aquifer rose  about half metre further in 2004 ) the mine discharged about a 1000 megalitres over the December 2003 to February 2004 three month period. These circumstances are indicative that under prime recharge conditions when the Bracewell head and gradient increases, inflow to the East End mine pit rises exponentially.   

24. With the mine continuing to expand its operations and levels at East End continuing to decline, East End and Bracewell limestone aquifers now conform to the universally accepted adage that artificially depleted aquifers cannot properly recover. For these reasons if the Cement Australia Project Area experiences flood falls it is predicted that the mine will flood but Bracewell will not fully recover. 

Comments on the Bruce Pearce hydrogeological conceptual model Page 50 

Paragraph 1 

Claim: There is absolutely no evidence to support the possibility of conduit flow occurring directly between the East End limestone deposits to the East and Bracewell limestone deposits to the west.
Response: Sections of the Bracewell / Hut Creek connection lies in a north south direction with the line of strike. In as much that the limestone based springs above Weir 2 demonstrably ceased once the Lower Bracewell aquifer fell below 70 + AHD there is no reason to assume that conduits may not exhaust in the same way. The only feasible explanation for the existence of conduits under the existing hydrological regime is that conduits between Bracewell and East End connect to the depleted East End aquifer (but not directly to the mine) and gratuitously exhaust or transmit lesser volumes as the Lower Bracewell aquifer level falls to around 67AHD. Evidence in support of a conduit connection rests with:

· depletion of the Bracewell limestone aquifer preceding exhaustion of the alluvium. 

· pig effluent odours being detected at 97423 (B105) at East End and high nitrate levels  at the mine following pig effluent inflow to a sink hole at the Bracewell Lake near Bore 04. 

· a 5 m spike at B105 was recorded in isolation in March after the February 2003 recharge event filled the Bracewell Lake. 

· it should be noted that flooding of Machine Creek has only ever caused the barest blimp on the screen at nearby B105. 

· the 2002 dye tracing experiment when artificially injected dye at this same sink hole was detected at the mine. 

· since 1993 Lower Bracewell hydrographs have recorded a recurring saw tooth pattern of recharge and loss within the Bracewell limestone on 5 separate occasions with minimal aquifer levels stabilising at around 67AHD. 

· a hydraulic gradient from Bracewell to East End has always existed down the Hut Creek system. The effectiveness of this interconnection was highlighted by the 2003 recharge event when substantial recharges occurred north of Hut Creek.  In 2003, north of Hut Creek  was considered outside the influence of the uninterrupted gradient draining south to the mine pit (where  recharge was ineffectual)

So where exactly do the conduit or conduits connect? The evidence suggests that conduits occur and may connect in at least two different locations. 

EEMAG has done enough research to conclude that on probability, there may be insufficient depth of profile for a limestone based conduit through the narrow, Weir 2 valley section. However there are two other “most likely locations.” One is a potential connection from outcropping limestone on the ridge a few hundred metres south of Weir 2 to just south of bore 99-1 where subsidence and surface limestone outcrops. The distance is only about a kilometre. (EEMAG drilled through about 26 metres of volcaniclastics before hitting limestone at Armstrong’s Crossing (about 100 metres upstream of the present water reinjection site.) This potential interconnection ties in with the water level of volcaniclastic bore  97156 (96-17), and most of the above preceding dot points including the 5 m recharge to B105 in March 2003.
Another potential location is between Webb’s at Bracewell about 1 kilometre above Weir 2 and Percy Shaw’s (where there are numerous sink-holes and limestone bores with significant cavities) at Hut Creek within the East End aquifer. The distance between outcropping limestone would be about 1 kilometre. This potential location fits very well with the history of water loss at Percy Shaw’s and recharges from Bracewell diverting northwards towards Ambrose and southwards to the mine.

Paragraph 2

Claim: Without the presence of the volcaniclastic barrier between East End and Bracewell limestones, it is considered that the Bracewell limestones would be much more severely dewatered than they are at present.

Response: There is agreement that Lower Bracewell enters a protective holding pattern around 67 m AHD. DNR&W’s conceptual plan relies upon two main planks. 

· That the limestone deposits are not directly joined but separated  by much less permeable  volcaniclastics that transmits a  small continuous seepage across a very broad front 

· That the worst drought on record provides an acceptable explanation for Bracewell water loss. 
Dot point 1. It is agreed that the limestone aquifers may be separated by a less permeable barrier consisting mostly of volcaniclastics. However it is our contention that a proper interpretation of the data indicates that whatever volume of water is being transmitted the source of flow is other than in the volcaniclastics, (eg limestone deposits underlying the volcanistics).

Dot point 2. While agreeing with DNR&W’s assertion that the drought is the worst on record, DNR&W’s conceptual plan fails additionally on the basis that their analysis of volcaniclastic transmission in combination with a total dependence upon drought does not correlate with the Rainfall Deviation from the Mean for Lower Bracewell hydrographs. In 1995 the Lower Bracewell aquifer’s existing holding pattern of above 70+AHD slipped a cog and entered a new holding pattern at around 67AHD. Since then the saw tooth pattern of loss and transient recoveries at Lower Bracewell has recurred on 5 separate occasions. Although the intense drought deepened catastrophically over the period 1994 – 2007 Lower Bracewell levels  – irrigation not withstanding - still hovers around the 1995 figure. If drought provided a realistic explanation, losses at Bracewell would have to be many, many metres lower.

The higher pre-mining East End watertable level once provided an effective buffer against the migration of underground water from Bracewell.This buffering capability 
probably explains the means by which additional drawdowns upon Bracewell has occurred.
The existence of the pre-mining perennial stream surface flow of Machine Creek at the Bridge on Bracewell Road and permanent springs at various locations just above Weir 2 set the pre-mining benchmark  at which the Lower Bracewell levels “held.” I.e. 70m + AHD. Pre-mining the historically sustained AHD level of the Bracewell limestone aquifer (under all conditions) ensured that limestone recharged the creeks and their alluviums. The correct interpretation of the Bruce Pearce contours is that the higher elevation limestone aquifer recharged and pressurised Machine Creek and its environs. (Not the other way around) For confirmation, see Bruce Pearce’s graduated recharge contours from the higher limestone to the creek. On the opposite side of the creek the graduated contours drop to 65m. See also an approximately 1.5 m recharge shortfall at alluvium well 57038 (W43) and replacement bore 97931 (98-1) as proof that with the loss of the springs, the pooling and recharge characteristics within proximity of Weir 2 changed.  

See also comparisons of drought in the 1960’s when the springs did not fail against a corresponding period in the 1990’s when, in an unduly compressed timeframe  after the 1988-1990 recharge years the springs very quickly ceased to operate.

Paragraph 3 

Claim: The low gradient area (above Weir 2 in Lower Bracewell) appears to be caused by a damming effect behind the less permeable volcaniclastics. My brackets 

By 1995 “the low gradient area” in Lower Bracewell limestone had suffered an approximate 10 m water loss from full recovery and aquifer depletion became chronically entrenched. It is inappropriate to describe a depleted aquifer and a virtually exhausted alluvium system as a damming effect. The cream has been taken from the Bracewell aquifer and only the skim milk remains. If Bruce Pearce was attempting to say that the presence of volcaniclastics within the constricted zone  connecting Bracewell and East End  (a) aids recharge and helps dams the alluvium under sustained recharge conditions (b) helps protect the Lower Bracewell limestone aquifer from further falls once Bracewell reaches about 67AHD then there is consensus on those two points.

Keeping in mind the above claim of a damming effect I find the parallels drawn and the explanations provided for volcaniclastic Bore 97156 (96-17) and alluvium Bore 97931 (98-1) unworthy of any informed party to this debate. The reason for the slow decline in alluvium Bore 98-1 is because of its status as a barometer to the pooled area above Weir 2. 
EEMAG also drilled a bore (99-2) in volcaniclastics within a few hundred metres of  97156. The bore was dry at the time of drilling and it is documented that the SWL in the uncased bore took some months to reach a water level. .  
Paragraph 4 

Claim: ….there is ample evidence to show that significant recharge is occurring to the limestones through the bed of Machine Creek when it is flowing (see Maps 3,4, 5,6, 7 and 10 where a groundwater mound is formed adjacent to the creek.)
Response: It is argued that only maps 8 Dec 1999 and 10 March 2003 show recharge occurring through the bed of the creek to the limestone. In the other maps the graduated contours from the higher elevation limestone, recharges and pressurises the creek. When the circumstances are so out of kilter that Machine Creek recharges to the limestone the gradient is operating in reverse and both the aquifer and effectiveness of the recharge is in diabolical trouble. (The full implications of this point seems to have eluded DNR&W)

Paragraph 4 

Claim: Recent drilling just downstream of Weir 2 has confirmed the presence of a deep palaeochannel that passes through the constricted area, although it has only been encountered in one of four bores that have been constructed in the vicinity.
Response: In 1997 Dr Peter James and Dr Frans Kalf witnessed the drilling of bores 97540 (1A) and 97541 (1B) at Weir 2. In 2007 EEMAG drilled another bore while Dr Peter James and DNR&W officers were present. Later in 2007 DNR&M officers and Brian Finlayson attended when the last bore was drilled. Intense controversy ensued between EEMAG consultants and DNR&M over whether the material above the volcaniclastic bedrock was alluvium or weathered bedrock. With regard to this technical argument, EEMAG pump tests confirm that the water source lies in alluvium just above the volcaniclastic bedrock while monitoring under recharge conditions proves the rapid alluvium recharge characteristics.

Paragraph 4

Claim: …there is insufficient data currently available to more clearly define the potential of the groundwater storage in the alluvium in this area, except to say that there is sufficient evidence to show the storage at present is severely depleted, as would be expected due to the worst drought in the last century and possibly some dewatering impact through groundwater leakage to the underlying limestone deposits at East End as a result of mining activities. 
Response: In June 2005 EEMAG released what has been the only attempt to define alluvium bores, wells and their various depths (but not the volumes) of alluvium storage from the Bracewell headwaters of Machine Creek to Weir 2. 

· It is agreed that Machine Creek alluvium storage as at December 2007 was severely depleted.

· Within a few hundred metres below Bore 111133 (99-1) the Bracewell gradient drops from late 50’s AHD to the low 30’s AHD. EEMAG bore drilling has proven that the wider alluvium profile at 99-1 is deeper than that of alluvium bores closer to Weir2 and that limestone (at the East End AHD level) underlies volcaniclastics at Armstrong’s Crossing. It is postulated that substantial groundwater leakage occurs into highly fractured limestone upstream of Armstrong’s Crossing.  

· DNR&W blames drought but otherwise concedes some possible dewatering impacts through groundwater leakage to the underlying limestone deposits. I predict the current artificial recharge trial into Machine Creek below Armstrong’s Crossing will prove ineffectual with little or no measured improvement in limestone bores….. 

· DNR&W has failed to mention or attribute the greatest factor in the demise of the permanent section of the Creek. .I.e. chronic depletion of the limestone leading to a stranded alluvium aquifer too small to function independently of the full support of the limestone.

Paragraph 4
Claim: While it is freely acknowledged that some discharge from the Bracewell area does occur through this (Weir2) area, it is considered that far too much emphasis has been placed on the significance of this potential discharge, as there is ample evidence to show that groundwater discharge is occurring from the Bracewell area to the north and east through the volcaniclastics, along the full length of the so called “cliff” area on a regional scale. However the total discharge is tempered somewhat by the relatively low transmissivities and permeability of the fractured volcaniclastics which are acting as a natural barrier to enhanced groundwater flow. My brackets.

Response: 

· It is not agreed that too much emphasis has been placed upon the Weir 2 connection. Sheer weight of accumulated evidence has forced DNR&W to concede the connection and to admit that they do NOT know the actual volumes being transmitted. However DNR&W remain constantly in denial about the composition of the water bearing strata and continue to hide behind their false “volcaniclastic” interpretation.

· In the absence of full support from the chronically depleted limestone aquifer the alluvium is much more susceptible to drought and drains close to exhaustion under stress conditions. EEMAG’s monitoring over a 10 year period shows alluvium depletion trending lower with each climatic stress event.

· The combination of a chronically depleted limestone aquifer and periodic drainage of the stranded alluvium is proving catastrophic for recharge percentages. DNR&W response to this has been to wrongly categorise bore log strata so that the permeability and transmissivity values obtained are unrepresentative of the circumstances.

· With regard to the volcaniclastic barrier and the establishment of a “cliff” along the full length between Bracewell and East End. The existence of this “cliff” is in itself proof of the virtually impermeable state of the volcaniclastic I.e. the volcaniclastics are an aquiclude. 

· There is no precise explanation in the Bruce Pearce conceptual plan as to why -or by what means - the Lower Bracewell limestone aquifer enters into a protective holding pattern at around 67AHD. 

· If volcaniclastics are providing regional seepages from Bracewell to East End as DNR&W say, then what is DNR&W’s explanation for the changed set of holding patterns  from 70+AHD to a recurring 67 m AHD pattern? 

Conceptual Model  Figure 45 
DNR&W’s conceptual model wrongly excludes surface flows and alluvium contributions. It also ignores conduit connections that on the basis of on the ground evidence (numerous sink-holes) and probability must exist. The model relies upon isolating each of the limestone aquifers by volcaniclastic sections too impermeable to incriminate the mine as a source of drawdown.

The conceptual model thereafter places a virtual total reliance upon drought to explain Bracewell water losses but makes no assessment as to what proportion of drawdown at East End is respectively attributable to:

(a) mine impacts 

(b) drought.
EEMAG’s monitoring of the irrigation above Weir 2 has proven that when irrigation ceases, gravity drainage tends to replenish the drawdown cone. 

There is no recognition or discussion in the DNR&W report that the recurring pattern of partial recharge and subsequent loss in Bracewell does not correlate with the rainfall deviation from the mean.

Top of Page 53  

Claim: EEMAG and its consultants have for nearly 30 years claimed that there is a direct connection between the Bracewell and East End limestones by way of conduit flow and has suggested that drawdown commenced at Bracewell simultaneously with drawdown commencing at the East End mine. They have also suggested that any conduit could be located only part-way down the storage rather than at the base of the storage allowing drawdown down to a certain level at which drawdown remains, as appears to be evident in the Lower Bracewell area.
Figure 47

Response: Storage 2  (Bracewell) shows the storage 2 tank at a height of 66.7m  with a level pipe connection to Storage 3 (East End)  at around the 25m AHD level.  To put EEMAG’s conceptual model into proper perspective entirely remove the 25 m pipe connection.

Position a second pipe that exits Bracewell at around 67m.  Flow through the “pipe” (conduit) is determined by the water level at Bracewell not by the exit level at East End. If the water in Storage 2 falls below the connection, all inflow must cease, regardless of the outflow location. On the available evidence, the conduit(s) discharge to a depleted section of the East End aquifer and not directly to the mine.  Whether the mine’s impact upon Bracewell is direct or indirect does not really matter as this fact does not absolve the mine of responsibility. 
Figure 47, Page 53 
Claim: In Scenario 1 with a large pipe, it would be expected that water levels in the three storages would stabilise rapidly with significant rises in level in storage 3, with potential of it overflowing, and major changes occurring in the levels in storages 1 and 2. This would equate to the East End mine being significantly flooded if not totally inundated following major recharge events in the Bracewell area. Clearly in the last major recharge event in the district in March 2003, this did not happen.
Response: The February 2003 rainfall was probably something like a 1- 40 year event. Peak recovery at Lower Bracewell in 2003 was about 3 m  - about 30 % of a full aquifer recovery. The amount of rain was obviously insufficient to:

· Fully recharge the Bracewell limestone aquifer or to 

· Flood the mine
However an additional 0.50 m or so of recharge in Lower Bracewell in the December 2003 - February 2004 quarter caused the mine to pump out 1000 megalitres of water for the period. Taking into account that the weir recording equipment cannot  accurately measure peak flows a question mark hangs over whether these volumes accurately recorded the maximum volumes pumped. 
Discussion on Volcaniclastics – low permeability aquifer or aquiclude?

Of the numerous consultants who have compiled reports from water monitoring data generated within the Cement Australia Project Area since 1977 most consider volcaniclastics (a term used locally to describe rock forms other than limestone) virtually impermeable. Bores drilled solely in volcaniclastics are usually failures. I have no knowledge of any worthwhile pumping supply within the district ever being obtained in volcaniclastics. A successful volcaniclastic bore would typically produce a few hundred gallons per hour and be equipped with a small windmill. 
In their December 2007 Preliminary Draft Hydrology Report DNR&W wrongfully classified bores drilled into relatively shallow alluvium / colluvium water bearing wash (of volcaniclastic origin) overlying volcaniclastic bedrock  as volcaniclastic. However, the water supply source can be ascertained with certainty by carefully monitoring the bore’s behaviour pattern. Under prime recharge conditions alluvium bores recharge rapidly and may have similar recession characteristics while the low permeability of volcaniclastics dictates that bores are slow to recharge and slow to decline. Invariably, water accumulates only slowly in volcaniclastics but has long residual storage and hence elevated conductivity readings. 
In contrast to the rapid recharge characteristics of alluvium bores close to the creeks (to baseline measurements) Bracewell’s chronically depleted limestone’s inability to fully recover allows bores to be classified into their respective categories. In an EEMAG study  entitled “Plotting of alluvium Gradients and Storage from Machine Creek Headwaters to Weir 2” June 2005, a major rainfall event and prime recharge conditions in February 2003 allowed identification of the following distinctive behavioural patterns:
· alluvium bores rapidly recharged to full pre-mining levels. 
· chronically depleted limestone bores only partially recovered
· volcaniclastic bores responded only slowly to recharge. 

The accepted order of greatest permeability is:

(a) limestone

(b) alluvium

(c) volcaniclastics

Since late 1994 chronic depletion of the Bracewell limestone aquifer coupled with drought has prevented the limestone from expressing its historically rapid recharge characteristics. Since 1994 the only truly responsive aquifer has been the much smaller, stranded alluvium aquifer that fluctuates between full recovery and periodic exhaustion.
Bruce Pearce has said in conversation, that in DNR&W’s conceptual plan, geological mapping takes precedent over individual bore log classification to the extent that the drill log supervised by attendant geologist Allen Jermyn identifying the water source  in Bore 97931 (98-1) as alluvium/colluvium above volcaniclastic bedrock  is ignored. Even though the bore is sited within the yellow coded quarternary alluvial deposits the relevance of the water bearing source is dismissed in favour of a volcaniclastic interpretation. See attached drill log.
Volcaniclastic bore 97156 (96-17) is classified as limestone in Table 1 but as volcaniclastic within the text of section 9.1.8 on page 35.  The subset of alluvium bores (97540 (1A), 97541 (1B), 2007 -1C, 2007 -1D, 57024 (W27), 57025 (W28), 97931 (B98-1) and 111133 (99-1) connected to Machine Creek around Weir 2 are broadly brushed as volcaniclastic rather than by individual references. These  fundamental errors are deeply embedded in DNR&W’s analysis and conceptual plan.
DNR&W’s Preliminary Draft Review has incorrectly classified bores that are ascribed values to justify the conclusion that the fractured volcaniclastic rock constitutes a low permeable aquifer that separates and protects the various limestone deposits from any significant mine drawdown. Synonymous with this explanation is a virtual total reliance upon drought to explain the limestone’s chronic depletion and lack of effective recharge. 
Under DNR&W’s conceptual plan the lowest denominator of permeability i.e. bores classified by DNR&W as “volcaniclastics” – exhibit the most rapid and effective recharge. In the case of a subset of alluvium bores associated with Machine Creek  - misrepresented by DNR&W as “volcaniclastic” - these bores recharge rapidly under prime recharge conditions.
Drilling, Pump testing and classification of alluvium bore log strata.
Apart from identification of alluvium bores by means of behavioural characteristics EEMAG initiated and paid for the drilling and logging of alluvium bores 2007-1C near Weir 2 and Bore 111133 (99-1), 500 metres downstream of Weir 2. Peter James was present for the drilling of 97540 (1A), 97541 (97-1B) and 2007-1C and on each occasion identified an alluvium water bearing source above volcaniclastic bedrock. 
Additionally, within the DNR&W Report, third para page 5, DNR&W concedes  that the most recently drilled bore,(when Peter James was not present)  “just downstream of Weir 2” I.e. 2007-1D intercepted “a deep palaeochannel that passes through the constricted area.”  
EEMAG successfully water injected bores 97540 and 97541 and successfully pump tested 97540 and 111133. In each instance pump testing confirmed the actual water inflow zone as alluvium while pumped volumes exceeded the normal volvcaniclastic range.  

· See attached B 97931 (98-1) drill log prepared by an attendant geologist classifying the water source as alluvium /colluvium.

In contrast to the successful water injection trials conducted on 97540 and 97541, genuine volcaniclastic bores 97155 (96-16) and 97156 (96-17) filled up immediately and would accept no water what so ever. 

Extent of DNR&W research into any of the above subset of bores.

DNR&W has conducted no primary research and has a total dependence upon data generated by other parties. Additionally DNR&W received the 10 years of specific monitoring of Machine Creek and its bores generated by EEMAG and according to their advice incorporated it into the 3 monthly trendline data base. If that is what they did with it (hard to know since it has not been detected anywhere) it a gross misuse and dilution of the most specific and valuable data available.  

Wrongful classification of other bores

· DNR&W have also engaged in the wrongful classification of alluvium bores as limestone. 
This is an equally serious allegation, as it allows fallacious claims of limestone aquifer recovery at specific sites.  
Alluvium bores misrepresented within Table 1 include
· 57075 (B4) and 57001 (W2) that are falsely classified as limestone. 
· Bores 57001 (W2) and 57075 (B4) are unrepresentative of the chronically depleted limestone that have less effective recovery outcomes. 
Authentic limestone bores should be chosen, the data reworked and re-presented for comment.
Limestone bore 97584 (97-8B) at East End is erroneously classified as alluvium
Support for the concept that the volcaniclastics are an aquiclude can be found in the local model studies of 
· Dr Frans Kalf, 
· DNR Feb 1998 Final Position Paper, 
· Lucke Farm Investigation of Water Supply by DNR&W 2004, 
· and in studies by Dr Peter James and probably others as well.
Comparison of aquifer losses at Bracewell and East End
It is categorically incorrect that measurable aquifer level losses at East End far exceed losses at Bracewell. See claims DNR&W Report page 53. DNR&W’s simplistic evaluation fails to take into account that entrenched mine impacts at East End prevent effective recharges while recharges at Bracewell, although clipped by mine impacts, fare proportionally better. When transient recharges and losses for Bracewell are calculated, the sum total of measurable losses far exceeds those of East End. For the period 1979-2006, total falls in Bracewell limestone for 28 years at B35, 54.10m . Total falls at East End limestone for 28 years at B03, 39.10m. Both bores are truly representative of their aquifer circumstances. 
Commonplace misclassification of drill log strata by DNR&W renders the values abscribed to various aquifer sites and characteristics unrepresentative of the actual aquifer circumstances. 
DNR&W’s conceptual plan spectacularly fails the test in a great many key areas including quality control of input data and conclusions as exemplified by the yearly rainfall database being one year out of sync with bore measurements. 
The following provides a further example:

Page 46 . 11.0 Aquifer characteristics

Table 2 re values ascribed to unnumbered bores at unidentified locations through pump testing by Departmental personnel in the 1960’s and 1970’s.

This lack of identification means that the authenticity of the bore log strata may be questionable and that local knowledge cannot be used to verify it. However, probably more than a decade ago, EEMAG conducted a Freedom of Information search on pump tested bores and obtained available material. At some inconvenience, EEMAG may be able to search among what are now copious files to retrieve such information. However, it would be preferential (and essentially accountable) for the Department to provide the individual bore identification and location as a matter of course.

Page 55 14.0 Assessment of current water balance

The assessment relies upon transmissivity values from Table 2 of unnumbered bores at unidentified locations and gradients obtained from SWL plots of March 2007 on Map 13 to compile a “current water balance.” 
Pump tests on bores listed in Table 2 were said to have been conducted in the 1960’s (mainly drought years) and 1970’s (mainly wet years) when the creeks and springs were still operating normally. 
Well versed locals can attest that in both of those periods there was no comparable depletion effects to rival the very severe chronic depletion of March 2007. 
Presumably the pump test results obtained in the 1960’s and 1970’s could not be replicated in March 2007 without a severe reduction to transmissivity and permeability values. Placing a reliance upon the gradient may not adequately dampen the calculations. Some bores in 2007 may even have been dry. DNR&W report does not state that any allowances were made to mitigate against overestimation, so it is likely that the prescribed values may have resulted in grossly inflated calculations.
If DNR&W want to place such reliance upon these bores then current pump testing should be undertaken so as to arrive at a set of values under current operating conditions.  

It is impossible to correlate the comparable volumes calculated in separate water balances undertaken by Dr Frans Kalf and EEMAG with the extraordinary excesses of the DNR&W report.    
· As Dingle Smith has continuously emphasised the proper procedure by which a water balance should be calculated is to start by tallying up mine pit discharges. No one has ever done this, principally because so much of the data is either missing or lacks sufficient integrity. 
Under the original Special Conditions the mine was required to conduct the monitoring program “in a professional manner,” so as to, among other things, protect the interests of all parties. That they did not adequately record and maintain records “in a professional manner” should not now be used to penalise the community or to exonerate the mine from its obligations.
Page 54, 13.0 Water Quality
Claim: Because of the uncertainty of the reliability of the water quality data that has been collected over the years, no further analysis has been undertaken for this report.

Response: This is an inexcusable outcome! 
There is clear evidence that there has been a general deterioration of groundwater quality in the limestone. Readily available examples: At B35 in Lower Bracewell conductivity readings during the early phase of water monitoring fluctuated between 800 -1500 conductivity. By 2004 conductivity had risen to 2400 to 3400. At B105 at East End, conductivity of the existing bore of about 3300 rose to 4750 with a deeper replacement bore. Since commissioning, conductivity has risen to beyond 5000. At Stegmans at East End conductivities that used to be below 1000 and are now at 2800 in the presently uncommissioned deeper replacement bore.  

It is my understanding that Cement Australia has always conducted full water analysis on a bi-annual basis and that these samples were properly purged. In recent years the actual number of bi-annual test samples have been reduced to something like a

dozen samples. 
If this information is correct there appears to be no obvious reason why these properly purged samples should not be assessed.
The exception to deteriorating trends in the limestone is improvement in water quality in the alluvium which DNR&W chooses also to dismiss!  Such improvement can be attributed to the loss of the limestone based springs and general flushing of salt residues during periodic recharges. 
It is noted that there has not been a corresponding improvement in the mediocre water quality within volcaniclastics as would be expected if the volcaniclastics were behaving as a viable aquifer. This factor is another indicator that the inclusion of volcaniclastics in the DNR&W conceptual plan as a productive aquifer has no basis of fact.
