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1. INTRODUCTION 

This memorandum sets out some matters for consideration and discussion at the 
CSG Workshop to be held in NSW Parliament House on 25 March 2014.   
 
The first matters relate to definitions, because these are essential in properly 
communicating what we are talking about; the definitions are crucial, not trivial. 
 
The second matters relate to hazard and risk, and the third to the work published by 
The NSW Chief Scientist and Engineer. 
 
 
2. DEFINITIONS 

Certain words pertaining to groundwater systems, and impacts on those systems, are 
widely used without proper understanding of their origins and correct meanings.   
 
The first on this list is the word ‘Aquifer’, the second and third are its mates, ‘Aquitard’ 
and ‘Aquiclude’.  Then there is the close brother of Aquiclude, being ‘Confined 
Aquifer’.  Then there are three words often used interchangeably, but incorrectly so, 
namely; ‘Dewatering’, ‘Depletion’ and ‘Depressurisation’.  Finally there is the word 
‘Connectivity’. 
 
Before discussing and defining these words it is worth cutting to the chase and noting 
that the Introduction to the NSW Aquifer Interference Policy properly addresses the 
word Aquifer in a proper way relevant in the context of potential CSG and other 
mining impacts, viz: 
 

 



Under the Water Management Act 2000 an aquifer is a geological structure or 
formation, or an artificial landfill, that is permeated with water or is capable of 
being permeated with water. More generally, the term ‘aquifer’ is commonly 
understood to mean a groundwater system that is sufficiently permeable to 
allow water to move within it, and which can yield productive volumes of 
groundwater. Groundwater is all water that occurs beneath the ground 
surface in the saturated zone. A groundwater system is any type of saturated 
geological formation that can yield anywhere from low to high volumes of 
water. For the purposes of this Policy the term aquifer has the same meaning 
as groundwater system and includes low yielding and saline systems. 

(Underlining by this writer) 
Aquifer 
 
This word was first used by the Frenchman, M. Arago in 1834 when explaining the 
artesian pressures within the natural groundwater systems feeding many towns in 
France1. 
 
The NSW Act (2000) definition is: 
 
A geological structure or formation, or an artificial landfill, that is permeated with 
water or is capable of being permeated with water. 
 
A more commonly adopted definition is: 
 
Rock or sediment in a formation, group of formations, or part of a formation that is 
saturated and sufficiently permeable to transmit economic quantities of water. 

(Parsons Brinkerhoff, 2012) 
 
Many people think of the ground, whether it be the rocks of the Sydney–Bowen 
basin, or the land beneath their farm somewhere, as containing some, almost 
magical, layers of earth with lots of pristine water.  The truth is that, in all but a few 
cases, the earth comprises a continuum with a range of permeabilities and storage 
capacities, and a spectrum of water qualities. There are few special aquifers; like the 
Great Artesian Basin. 
 
Aquiclude 
 
This is a terrible word because it has led to substantial misunderstanding when 
considering impacts of man’s extraction of groundwater.  An Aquiclude prevents the 
passage of groundwater and, by inference, the transmission of depressurisation.  Let 
us be clear – there is no such thing as an Aquiclude. 
 
The word has its origin in the inability of mathematicians, until recent times, to solve 
the equations governing groundwater flow without prescribing simplistic boundaries; 
and the one easy boundary is impermeable (see Figure 1) 
 

11  ‘ Sur Les Puits Fores, cunnus sous le nom de Puits Artesiens, de Fontaines Artesiennes, 
ou de Fontaines Jaillissantes’, 1834; a translation of the relevant part of this paper being: 
“Let’s remember now the way rain waters penetrate some stratified land layers; let’s keep in 
mind that it’s only on the hill slopes or at their top that the section of the layers is exposed; 
that this is their water intake; so it always occurs at height; let’s think, in addition, that these 
aquifer layers, after going down along the slope of the hills that broke them a long time ago 
by raising them, extend horizontally or almost horizontally across the plains;….”  
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Figure 1: Assumptions made for solution of the mathematics of flow to a well. 
 
Aquitard 
 
This means a layer of ‘significantly lower’ permeability than a nearby or adjacent 
Aquifer.  The difficulty is that ‘significantly lower’ is undefined. 
 
A reasonably practical definition is: 
 
A low permeability unit that can store groundwater and also transmit it slowly from 
one formation to another. Aquitards retard but do not prevent the movement of water 
to or from adjacent aquifers. 

(Parsons Brinkerhoff 2012) 
 

Confined Aquifer 
 
The word Confined in this context is related to the word Aquiclude, and is a 
mathematical concept that is very rarely approached in the real world. It was 
originally used to describe layers of low permeability ground that allowed artesian 
pressures to develop in underlying more permeable and porous layers (aquifers). 
Much of the Great Artesian Basin warrants this definition, as too, for example, do the 
artesian systems of Tours in France (see Figure 2) 
 

 
 

Figure 2: Des Puits Artesiens de Tours  (from Darcy, 1856) 
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Depressurisation 
 
Depressurisation of a groundwater system is the reduction in the water pressure 
within the pores, joints, faults etc. in the ground. Pressure changes move through 
saturated ground much faster than the water moves. 
 
Difficult though it be to grasp, depressurisation can occur without lowering of the 
groundwater surface, this being the surface representing saturated ground at 
atmospheric pressure. 
 
Dewatering 
 
Dewatering is the physical removal of water from pores, joints, faults etc and occurs 
with lowering of the groundwater table, and/or consolidation of the ground. 
 
Dewatering and Depressurisation are not synonyms. 
 
Depletion 
 
This word originally comes from the practice of blood-letting and means ‘to deprive of 
that which fills’. It is properly a synonym for ‘Dewatering’, but could validly be used for 
depressurisation where a bore no longer yields water due to changes in groundwater 
flow direction in parallel with depressurisation. 
 
Connectivity 
 
This is a word not easily found in groundwater text books, but is nowadays widely, 
and wildly, used in Australia. .  It does not appear in the Water Act of 1912, or the 
Water Management Act 2000, or the Aquifer Interference Policy. 
 
It is widely used by the public and the media, in the context of the idea that there 
exist Aquicludes, which can be damaged thereby allowing connection between 
Aquifers. 
 
As discussed above, the truth is that all parts of a particular groundwater system are 
connected, vertically and horizontally, and to the surface water system. The real 
question is how long does it take for two separate effects to be transmitted through a 
particular groundwater system, these being pressure changes and flows. The time 
may be in days or hundreds of years, and that difference is what matters when it 
comes to assessing ‘aquifer interference’. And this is defined in the policy as set out 
below. 

Aquifer interference activity “means an activity involving any of the following:  

(a) the penetration of an aquifer,  
(b) the interference with water in an aquifer,  
(c) the obstruction of the flow of water in an aquifer,  
(d) the taking of water from an aquifer in the course of carrying out 

mining, or any other activity prescribed by the regulations,  
(e) the disposal of water taken from an aquifer as referred to in 

paragraph (d).”  
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3. HAZARD AND RISK 

In the technical evaluation of risk, Risk is the combination of a Hazard (often termed 
Consequence) with the Likelihood of the Hazard occurring. So one has typical Risk 
assessment tables such as the following: 

 

 
 

Recent work on the Hazards associated with CSG has produced the following draft 
table – there may be some hazards we haven’t thought of. 
 

TABLE 1 
 

CSG HAZARDS (DRAFT) 
 

ITEM STATUS OF 
PROJECT DESCRIPTION OF PRIMARY HAZARD 

GENERALISED 
STATEWIDE RATING OF 

HAZARD 

1 Production 
Groundwater pressures decline leading to 

reductions in water availability for 
domestic and agricultural purposes 

Moderate to Severe 
(geology dependent) 

2 Production 
Decrease in GW baseflows to surface 

waters with existing or  potential use for 
domestic and agricultural purposes 

Moderate to High (geology 
dependent) 

3 All stages Contamination of GWS by fugitive CSG Moderate 
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ITEM STATUS OF 
PROJECT DESCRIPTION OF PRIMARY HAZARD 

GENERALISED 
STATEWIDE RATING OF 

HAZARD 

4 Exploration and 
Initial Development 

Drilling and fracking chemicals enter 
GWS 

Moderate to Severe 
(geology dependent) 

5 Exploration and 
Initial Development 

Drilling and fracking chemicals enter 
surface waters directly Low to Moderate 

6 Exploration and 
Initial Development 

Discharge of drilling, fracking and initial 
produced water (flow-back water) Low to Moderate 

7 Production Discharge of saline or contaminated 
Produced Water into GWS Moderate to High  

8 Production 
Discharge of saline or contaminated 

Produced Water onto land surface and/or 
into surface waterways 

Moderate to High 

9 Production 
Plant and equipment operational failure 

(pumps, pipelines, storage vessels, 
sewage treatment) 

Low to Moderate 

10 Production Failures during transport Low 

11 Production Contamination of GWS by reinjection of 
brine from treated Produced Water Very Low 

12 All stages Land clearing Moderate 

13 Production Disposal of brine or crystaline salts Moderate 

 
 

For assessing the hazards listed above, the writer chose to adopt the system 
developed by BHP Billiton as summarised in Table 2. 
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TABLE 2 
HAZARD RATING – FROM BHP BILLITON 

 

 
 
 
 
 
In a similar vein, a study by the firm EnRisks of the proposed hydrofracture of the 
Waukivory wells at Gloucester, came up with the following rating system for 
Consequences (Hazards). 
 

HEALTH & SAFETY NATURAL ENVIRONMENT SOCIAL CULTURAL/HERITAGE
COMMUNITY 

GOVERNMENT 
REPUTATION MEDIA

LEGAL

CATASTROPHIC

CRITICAL

SEVERE

HIGH

MODERATE

LOW

VERY LOW

HAZARD RATING

CONSIDERATION
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The final Risk matrix adopted by ENRiskS is quite complicated, but to me appears 
reasonable, and is reproduced below2  
  

2 
http://www.agl.com.au/~/media/AGL/About%20AGL/Documents/How%20We%20Source%20
Energy/CSG%20and%20the%20Environment/Gloucester/Assessments%20and%20Reports/
2013/December/Waukivory%20Pilot%20Project%20%20%20HHERA%20Report.pdf 

P034.M8 
Pells Consulting  11 March 2014 8 

                                                

http://www.agl.com.au/%7E/media/AGL/About%20AGL/Documents/How%20We%20Source%20Energy/CSG%20and%20the%20Environment/Gloucester/Assessments%20and%20Reports/2013/December/Waukivory%20Pilot%20Project%20%20%20HHERA%20Report.pdf
http://www.agl.com.au/%7E/media/AGL/About%20AGL/Documents/How%20We%20Source%20Energy/CSG%20and%20the%20Environment/Gloucester/Assessments%20and%20Reports/2013/December/Waukivory%20Pilot%20Project%20%20%20HHERA%20Report.pdf
http://www.agl.com.au/%7E/media/AGL/About%20AGL/Documents/How%20We%20Source%20Energy/CSG%20and%20the%20Environment/Gloucester/Assessments%20and%20Reports/2013/December/Waukivory%20Pilot%20Project%20%20%20HHERA%20Report.pdf


 
 
However, where so many Qualitative Risk assessments get wobbly is that the opinions reached 
in respect to Likelihoods, and to a lesser extent Hazards (Consequences) are strongly subjective, 
and subject to all the emotion-based failings so ruthlessly exposed by Nobel laureate Daniel 
Kahneman (2011).  Thus the findings in respect to hydraulic fracturing at Waukivory are as 
reproduced below. 
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All the Risks are assessed as Negligible or Low – which is the same as the original Risk 
Assessment at Fukushima3. 
 
This is not being smart-Alec, it is to reach the following conclusions: 
 

1. The Hazards associated with CSG are reasonably well understood by name, 
 

2. The Likelihood of their occurrence is not objectively definable, so 
 

3. The Qualitative Risk Assessment process is subjective, and substantially flawed. 
 
  

3 “And, perhaps most importantly, many believed that a severe accident was simply 
impossible.” (http://carnegieendowment.org/files/fukushima.pdf) 
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4. STUDIES BY THE NSW CHIEF SCIENTIST AND ENGINEER 

The terms of reference for the study by the NSW Chief Scientist and Engineer (CSE) 
are reproduced below. 
 

 
 
The CSE was required to produce an initial report by July 2013, which is what she did, 
and it was a remarkable piece of work given the short study period allowed for such a new 
and difficult field. My personal opinion is that it is a pity she was not given longer - but I 
don’t think it really matters because the CSE work is ongoing and some excellent sub-
studies have now been completed. As of 10 March 2014 the following were available of 
the CSE website. 
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I have not read them all, but of those I have, I think that the two highlighted above are 
stunningly good. 
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So we must wait for the final report of the CSG, which I do with a feeling that this is going 
to be good.  But then Daniel Kahneman tells me4 that my feelings are not particularly 
rational. 
 
 
 

 
 
Philip Pells 
FTSE BSc(Eng) MSc(Eng) DSc DIC FIEAust MASCE 

4 Kahneman, D 2011, Thinking, Fast and Slow, New York: Farrar, Straus and Giroux. 
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