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Cover picture shows Eileen Poeter at home in Colorado with the gift she received from
the IAH NSW Branch after delivering the Darcy Lecture in Sydney on April 12.

The painting was presented to her by the artist, Brad Moggridge, an aboriginal student at
the National Centre for Groundwater Management, at the University of Technology,
Sydney. Brad completed a research project on the cultural significance of groundwater
to his people. This story has attracted an incredible amount of interest from Australian
media outlets, plus a phone interview with a radio station in Boston.

The painting depicts a spring in the centre, with groundwater connections on all sides.

The NSW branch had 65 attend the Darcy Lecture which was co-hosted by Engineers
Australia, and Australian Contaminated Land Consultants Association.
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International Association of Hydrogeologists

Australian National Chapter

The International Association of Hydrogeologists is a professional association for those
within disciplines related to groundwater, its occurrence, utilisation, testing and
management. IAH is a scientific an educational organisation that is truly international,
and was established to foster closer ties, cooperation and information exchange related
to the study of groundwater. IAH is non-government and non-profit and has over 4000
members internationally from around 120 countries. The Association is affiliated with the
International Union of Geological Sciences (IUGS), and was founded during the 20th
International Geological Congress in 1956. By its statutes the IAH is an association of
individuals and corporate members, and not a federation of national committees.
National groups do, however, organise local meetings and other activities. A proportion
of the national committee membership goes to the local organisation to support these
activities, the remainder to the international body. The country of the international
secretariat is changed every several years. The IAH publishes Hydrogeology Journal,
various workshop and conference proceedings and an international newsletter.

The main objectives of the IAH are to promote international and national cooperation
between involved scientists and engineers; sponsor international and national
technical/management meetings and symposia on hydrogeology; publish
hydrogeological reports, papers and maps; establish investigation commissions and
working groups to report on special topics; encourage the international application of
relevant approaches and techniques for the benefit of the hydrological and human
environment.

Our national chapter was founded in 1983 and is one of the most active. Activities tend
to be organised locally within each state and territory, but national activities also occur.
Each state body has its own meetings, usually monthly. Conferences are held in
Australia around every two to three years, and seminars on a more frequent basis. This
national Newsletter is published quarterly.

Membership Requirements: IAH will accept as individual members anyone directly or
indirectly engaged in study or research on, or management of water in its various forms
related to hydrogeology, if sponsored by two members in good standing. Companies and
research organisations can apply for corporate membership. The current membership
categories (see www.iah.org.au for more details) are:

student $70 per year (full time students)
individual $120 per year

corporate $625 per year

partial sponsor $135 per year

Full sponsor $170 per year

Membership of this professional association is tax deductible in Australia, and individual
members are entitled to use ‘MIAH’ (Member of the International Association of
Hydrogeologists) after their name.



FROM THE PRESIDENT]

Membership of a professional society can be like belonging to a family, bound by ties of
shared professional experiences, a sense of shared interests and more or less common
goals. Membership also gives us professional standing and recognition by our peers.
The IAH family in Australia has grown from a membership of 15 at the time of the
International Geological Conference in Sydney 1976 to some 500 members today.

IAH is home base for hydrogeologists, but it is also a forum for other groundwater
professionals. IAH gives an opportunity to talk hydrogeology, and advance our
professional interests. It gives us the chance to see how we might have done things, to
learn from others’ experience, and to present and question results and concepts in
public. Our monthly meetings provide a good opportunity to socialize and make friends.

Many of us belong to other related geoscientific societies — the Geological Society, the
Australian Institute of Geoscientists, the Australian Society of Exploration Geophysicists
and the Australian Geomechanics Society. We may belong to wider industry groups
such as the Australian Water Association and Australian Institute of Mining and
Metallurgy. Engineers, chemists, physicists, mathematicians, environmental and
agricultural scientists all have their own professional societies, but will find IAH best
represents their groundwater interests.

IAH is unusual among the other geoscientific societies in Australia in being a group of
members of an international association. This brings us the advantages of international
links, and potential influence internationally as the largest national group, comprising a
tenth of the entire membership. Australia contributes one of the International Vice
Presidents (currently lan Acworth) and has held the International Presidency (Michael
Knight).

Professional institutes require ongoing professional development as part of certification.
Attendance at technical meetings and conferences, as well as training courses, is
considered an integral part of being a professional. Membership and attendance at I1AH
meetings may well count in job applications, for instance in addressing the selection
criteria for hydrogeologists in the WA government of ‘up to date knowledge of
hydrogeology'.

Geoscientific societies in Australia are currently facing declining memberships. This is
partly demographic, the geoscience profession is dominated by baby boomers —
graduated during the nickel boom and now on the point of retirement, but it seems also
that today’s young professionals are less interested in membership.

It is in the interests of our profession we promote membership, and strengthen the state
branches by attending meetings, and serving on the committee. | encourage members to
actively recruit younger members of the profession and participate in branch activities, to
foster the growth and renewal of our professional society.

Philip Commander



FEATURES

2006 Darcy Lecture Tour through New Zealand and Australia
All Models Are Wrong: How Do We Know Which Are Useful?

Dr Poeter is the National Groundwater Association 2006 Darcy Lecture Series speaker.
Dr Poeter is Professor of Geological Engineering at the Colorado School of Mines and
Director of the International Ground Water Modeling Center. Before entering academia,
she worked for Golder Associates in the early 1980s and has continued to consult
throughout her academic career. Eileen Poeter® lecture details how the ground water
profession today is searching for appropriate approaches to developing conceptual
models, evaluating which are useful, and describing the uncertainty associated with their
predictions.

Hydrology is modeling, starting from the moment a hydrologist stands on a hill and
develops a concept of the system; continuing with application of an analytical model
such as Darcy® law, the Theis equation, or chemical equilibria; and sometimes
extending to elaborate numerical models. Darcy created the first quantitative ground-
water model in 1856, driven by the practical goal of providing clean water supply to
Dijon, France. It was clearly useful because it not only served his immediate purpose,
but hydrologists still call on it daily. Today we strive to solve complex ground-water flow
and transport problems and we are asked to use model results to make decisions
without the luxury of a long assessment period. Consequently, the ground-water
profession is searching for appropriate approaches for developing conceptual models,
evaluating which models are useful, and describing the uncertainty associated with their
predictions. Formulation of a reasonable set of alternative conceptual models, coupled
with quantitative representation (which may range from simple to complex), is critical to
the process. In spite of its apparent simplicity, this task is more difficult than numerical
modeling because it reaches beyond consideration of scientific principles and
guantitative algorithms into the realm of human nature and judgment. The problem is
exacerbated by the dense, opaque character of the subsurface that makes data
acquisition expensive, causing us to accomplish the work with sparse, uncertain
information. Nevertheless, movements to meet this challenge are gaining momentum in
the ground-water profession. Currently available practical approaches to the problem are
presented in down-to-earth terms and future challenges are considered.

Eileen Poeter - http://www.mines.edu/~epoeter/




Urbanisation, Groundwater Impacts and Sustainability

Professor Ken Howard toured Australia in May 2006. Ken is at University of Toronto,
Canada, and Chair of IAH Commission on Urban Groundwater.

Groundwater represents the world® largest and most important source of fresh potable
water. In many countries, its utility has been seriously compromised by urban
development which intensifies demand and degrades water quality through the
subsurface release of contaminants. In some parts of the world, the impacts of
urbanisation on groundwater have been recognised for almost a century, particularly
where groundwater use has significantly exceeded natural rates of aquifer replenishment
and resulted in over-abstraction and a lowering of the regional potentiometric surface.
Ultimately, this can lead to reduced well yields, increased pumping costs and land
subsidence. Problems in Mexico City are well documented; modern-day examples
include Sao Paulo, Brazil and Ljubljana, Slovenia. Reduced potentiometric heads can
also induce poor quality water to enter key supply aquifers from deeper geological
formations, polluted shallow aquifer systems, rivers and the sea. In recent years,
numerous other impacts of urbanisation on groundwater have been observed ranging
from relatively simple cases of urban groundwater pollution and recharge impairment to
rising water levels and urban sanitation issues. To date, problem resolution, such as
remediation of groundwater quality and dewatering of underflooded areas has taken
priority over more proactive measures such as urban planning, resource management
and groundwater protection. Nevertheless, considerable knowledge has been gained,
issues are well documented, and important progress has been made on the impacts of
urbanisation on either the quality or quantity of the groundwater resource. In many large
cities, leakage from septic systems, sewers and water mains, combined with the over-
irrigation of amenity areas, far exceeds any losses in natural, direct recharge caused by
the presence of impermeable surfaces. Where the original source of the additional water
is groundwater pumped from beneath the city, the effects of leakage can go
unrecognized unless groundwater quality is compromised. While groundwater quantity
issues represent a very serious problem in many parts of the world, they can at least be
minimised by improved maintenance of mains services, and controlled to a large extent
by drainage, pumping and, where appropriate, recharge management. A more pressing
concern in urban areas tends to be groundwater quality since remediation of water
quality to drinking water standards is frequently an impossible task. Too often,
groundwater professionals have been content to respond to the symptoms of the
problem and have avoided the root cause. Groundwater practitioners are beginning to
recognise that it's time to move from reactive to proactive mode and become more
closely involved with the urban planning process. Only then can we ensure that
groundwater becomes less of an urban problem and more an instrument for sustainable
urban growth, health and prosperity.

In Perth Prof Howard was supported by Steve Appleyard from the Department of
Environment and Ron Watkins from Curtin University with a talk on “emerging arsenic
contamination



Groundwater in Emergencies

Two recent seminars explored the theme of groundwater in emergencies and in foreign
aid. A day seminar held in London on May 8 at the Geological Society, jointly sponsored
by the Hydrogeological Group, IAH and RedR, looked specifically at groundwater in
emergency situations, while a seminar in Perth at the Institution of Engineers on May 26
looked more generally at water aid. The seminars featured talks by representatives of
the major aid organisations including RedR — Engineers for Disaster Relief, Oxfam, Red
Cross, Water Aid, and Engineers Without Borders.

Establishing water supplies has been a major aspect of foreign aid programs. Oxfam
aims to halve the number of people without access to fresh water from 1200 to 600
million. However, it was emphasised that the need for sanitation is actually far greater
than provision of water, and even just the simple adoption of hand washing would save a
lot of lives.

Aid agencies are looking to the future and second guessing the next trouble spots,
collating information, such as hydrogeological maps, to begin planning for an eventuality
in which water supplies will need to be established at short notice.

The tsunami in Aceh made it one of the bigger groundwater related emergencies, with
200 000 wells destroyed. With an existing hydrogeological map, a drilling program was
able to install 250 wells with a success rate of 95%. However, in another part of Aceh,
lack of knowledge of hydrogeological conditions was emphasised by the fact that it was
nine months the presence of flowing artesian bores was known. No substitute for a good
ground survey by a hydrogeologist!

The scale of devastation on the Sri Lankan coast meant that 60 000 shallow wells were
contaminated by sea water and debris. Relief crews initially used high yielding pumps
which resulted in upconing of the underlying salt water interface, and made the wells
worse. A case where simple knowledge of Ghyben-Herzberg would have been useful.

The situation of the Maldives, being two or three metres above sea level, meant that
most of the islands, totally dependent on fragile fresh water lenses, were completely
inundated by sea water. No real choice but to wait for the eventual recovery of the
lenses after several wet seasons. Well meaning efforts to divert grey water into the sea
actually prolongs the recovery time, and it was realised that recycling is necessary to re-
establish the lens.

The recent refugee crisis in Darfur led to the rapid establishment of camps in Chad. The
challenge for the hydrogeologist was to site bores for the camp which had already been
chosen. In conditions much like the fractured rocks environments of Australia’s arid
zone, 50% chance of successful boreholes yielding 50kL/day. Seventeen of such
boreholes would suffice for 10 000 refugees.

Hydrogeology took second place in siting bores in Sarajevo during the siege; security
conditions meant that boreholes had to be sited out of the line of sniper fire. Some 120
shallow boreholes with hand pumps were established within the urban area by the Red
Cross in this way.



RedR (www.redr.org) maintains a register of experts for disaster relief and
hydrogeologists who are interested in applying their expertise in working overseas in
emergencies or aid are encouraged to register. Attendance at courses in personal
security and in humanitarian practice are a prerequisite for overseas work.

Philip Commander

Aquifer Systems Management

An IAH meeting to celebrate 50 years of IAH and 150 years since Henry Darcy laid down
the framework for groundwater studies, was held in Dijon at the beginning of June. The
first day of the 3 day meeting was set aside to celebrate the life of Henry Darcy. Craig
Simmons presented an invited lecture on Henry Darcy that was very well received by all
present, including members of Darcy® family - who were particularly taken by Craig®
"We love Darcy" T-shirtsl A commemorative plaque was unveiled in an official
ceremony in Darcy Square at the end of the first day of presentations.

A full couple of days of technical sessions followed with some very interesting papers on
a wide variety of subjects. Modelling the impact of permafrost on recharge in the French
Chalk may seem a little esoteric, but at least our European colleagues are coming to
terms with the hydrogeological impacts of the Pleistocene!

We were treated to 11 (I think it was) different wines at a wine tasting and conference
dinner held in 13th Century wine cellars at Beaune, south of Dijon. Most enjoyable!

The IAH Council met during the meeting and will present a report to the Beijing
Congress. Andrew Skinner outlined the results of the recent questionnaire and the
financial impacts of expanding Hydrogeology Journal. That is code for an anticipated
slight rise in IAH fees in 2007!

The next Congress (after Beijing) is in 2007 in Lisbon - to be followed by the XXXVI IAH
Congress in Toyama in Japan (26/10 - 1/11). Mark your diaries now.

Below is a photograph of the commemorative plague and the Darcy Monument in Darcy
Square, and a less formal tribute to be had outside the Darcy Cinema!

lan Acworth



VICTORIA

Release of Auditor’s report on Victoria’'s 35 groundwater management
areas.

Victoria’s legislation requires that groundwater extraction is sustainable. In 1998 the
more intensely developed groundwater parts of the State were divided into Groundwater
Management Areas (GMA’s). For each GMA a permissible annual volume (PAV) was
calculated as a management indicator towards the limit of groundwater extraction,
assisting the Rural Water Authorities in their licensing of irrigation wells.

This audit examines the previous methodology used for the PAV calculations and
recalculates the PAV® for each GMA. In doing so it makes a number of critical
comments about the earlier methodology and identified a number of errors. The
weaknesses included the need to establish: a reliable 3D geologic framework based on
all available information, correct use of hydrographs for recharge calculation, judicious
use of recharge / rainfall relationship for areal estimation of recharge, reliable
throughflow calculations in the regional context, and integrate storage. The audit’s
recalculated estimates show that for most of the GMA® they are less than the original
PAV, whilst for a few, mostly in large areas where the aquifers have a degree of
confinement, they are more than the original PAV.

China — Australia Water Resources Research Centre Established

China’s Minister for Science and Technology, Professor Xu Guanhua, launched the
Centre at the University of Melbourne recently. Education Minister Julie Bishop has
announced a grant of $360 000 from the Australian Department of Education, Science
and Training to facilitate the new Centre.

The new Centre's key nodes will be at the University of Melbourne and the Chinese
Academy of Sciences (CAS), China’'s leading research organisation. Australia co-
Director is Professor John Langford, Director of the Melbourne Water Research Centre
in the University’s Department of Civil and Environmental Engineering,

One of the priority areas is groundwater management. Already a joint China — Australia
workshop has been held with Drs Tamie Weaver and Dr Charles Lawrence presenting
on relevant Australian groundwater issues.



NEW SOUTH WALES

NSW Government Explores Groundwater Resources within the Sydney
Basin

Over the past year the NSW Government has invested heavily in exploration and
viability assessments of a number of potential groundwater resources in the greater
Sydney area to attempt to identify resources suitable to augment metropolitan water
supplies during periods of severe drought. Prior to this study the groundwater resources
in Sydney’s catchments had been poorly characterised, and the intent of the exploration
program was to provide a rigorous assessment of the viability of the potential
groundwater resources on the basis of water quality, yield and sustainability.

The exploration program, which has been conducted under the auspices of the Sydney
Catchment Authority, comprised investigation of seven ‘priority’ areas selected from 17
regional groundwater systems identified in the Sydney Basin during a previous study.
The study is designed as a staged process, with the initial work comprising limited
drilling and hydraulic testing programs to assess whether further more rigorous pilot
testing is warranted. To date initial investigations have been completed in five of the
priority locations, of which two have been selected for further detailed examination.

The most promising of the priority areas to date has been the Kangaloon site located in
the Upper Nepean catchment area. Initial testing in this area has included installation of
21 test bores, 4 production bores and 12 dedicated monitoring bores, and early
indications are that up to 15 billion litres per year of good quality water may be available
from this resource to supplement the Sydney metropolitan water sources for two to three
years during severe drought. Promising initial results have also been reported from a site
near Penrith, with further testing currently underway to assess the sustainability of this
resource.

If and when borefields are established at any of the study areas, the intent is for the
groundwater resource to be available as a supplement during periods of drought only,
and is not currently viewed as a permanent, ongoing water source. As with all
groundwater resources in NSW, the NSW Department of Natural Resources would be
responsible for the sustainable management of these new resources, in accordance with
the relevant legislation and Water Sharing Plans currently under development.

A detailed report on the initial studies is due to be issued in late June, and an update will
be provided in the next quarterly newsletter.

NSW BRANCH NEWS

NSW Committee - 2006

Dino Parisotto — President (Secretary for first half 2005)
Dr Wendy Timms — Treasurer (2001 to date)

Megan McLachlan — Secretary (new appointment)

Dr Lange Jorstad — Communications (new appointment)



Branch Meetings:

7 March 2006: Stochastic K-field generation using noise functions for
modeling solute transport and uncertainty in sedimentary deposits
Franz Kalf of Kalf Associates

The generation of a stochastic hydraulic conductivity (K) field is a precursor to
incorporating heterogeneity into models that simulate solute transport. Such fields
provide the "finer detail" that is absent in conventional simulations using the dispersivity
approach and dispersion-advection equation and in K distributions determined using
parameter estimation codes. These fields allow uncertainty about the hydraulic
conductivity distributions to be examined and the consequent effect on solute migration.
A new method in hydrogeology is introduced as an alternative for generating K-fields.
The method is based on noise functions used in graphic images and film productions.
Noise function textures can be made to incorporate the required geostatistical properties
of sub-surface strata for both 2D and 3D layered models.

Textures (K-fields) can be rotated, warped and turbulated to generate specific flood plain
type geological architecture with preferred flow paths, and if required anisotropy.
Texture generation is both very fast and flexible. Conditioning can be achieved for given
point data by kriging using the texture derived variograms.

12 April 2006: All models are wrong: how do we know which are useful?
Dr Eileen Poeter, International Groundwater Modeling Center, Colorado School of Mines

2 May 2006: NSW Groundwater Reforms
Dan McKibbin, NSW Department of Natural Resources

Dan McKibbin is Team Leader Groundwater Science for the Sydney South Coast
Region of NSW Department of Natural Resources (DNR). The DNR Sydney South
Coast Region includes all coastal catchments from the Hawkesbury Nepean River Basin
to the Victorian border. Dan’s presentation will address the Department’s requirements
concerning access to groundwater for purposes of water supply, resource protection and
monitoring, and building construction. The talk will also cover water bore construction,
State groundwater policies, licensing arrangements concerning the abovementioned
matters and accessing groundwater data from DNR.

Groundwater Team grows at UNSW Water Research Laboratory

New developments and groundwater projects have boosted the groundwater team at
UNSW Water Research Laboratory in the past few months. The Water Research
Laboratory (WRL) is a consulting and research laboratory, which has provided expert
services to industry and government since 1961. WRL is located at Manly Vale in
Sydney and is part of the School of Civil and Environmental Engineering at UNSW.

Professor lan Acworth was appointed to the UNSW Gary Johnston Chair of Water
Management at UNSW. The Chair has been established as a result of a generous
donation to the UNSW by Gary Johnston. The Chair is a 50:50 School of Civil and
Environmental Engineering and School of Biological, Earth and Environmental Sciences
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appointment, established with the intention of growing links between the faculties and
generally increasing advocacy in the groundwater area, particularly rural groundwater
issues. The Chair also aims to promote research and teaching in the surface-
groundwater area, particularly west of the Great Divide.

Dr Martin Andersen has joined WRL as a Research Fellow, having completed post-
doctoral studies with Dieke Postma at the Technical University of Denmark. Martin is an
experienced aqueous geochemist, specialising in coastal aquifer investigations and
development of contaminant transport flow models at sites in Europe, Australia and
Africa. Martin’s immediate focus is the newly initiated Cotton CRC project, investigating
groundwater-surface water interaction in the mid-Namoi catchment of northwest NSW.

Ms Anna Greve from Wageningen University in the Netherlands has been based at WRL
to complete experimental and modelling aspects for her Master thesis Shrinkage Cracks
and Salt Leaching in a Swelling Soil Material from the Coleambally Irrigation Area in
New South Wales (Australia). Crack theory has been tested by drying 1 m3 of clay
sediment in a weighing lysimeter and monitoring salt leaching during simulated irrigation
events. The crack formation has been recorded digitally by imaging the surface and then
using MATLAB routines to generate a video sequence of the drying process. Anna will
soon be returning to WRL as a Research Associate on the Cotton CRC project.

Tega Brain is completing 4th year project work on the spectral analysis of piezometer
logger records at the dryland salinity investigation site at Baldry. Kate Bassett is also
completing project work at Baldry investigating the chemical quality of runoff from the
site under different vegetation covers.

Consulting expertise continues to be provided by Dr Wendy Timms and a team of full
time engineers and support staff. Wendy is a Senior Project Engineer-Scientist with an
integrated approach to surface and subsurface water flow and water quality. Consulting
specialists include Brett Miller (WRL Manager and numerical modeller), Dr lan Turner
(coastal groundwater), Dr William Glamore (wetlands and acid sulphate soils), Doug
Anderson (numerical modeller), Alexandra Badenhop (groundwater quality and
modelling) and lan Cunningham (drilling and aquifer-pump testing). The team also offers
advanced 2D and 3D resistivity imaging and downhole geophysical logging services.

Recent consulting projects have included investigations and detailed concept designs for
groundwater supply development, subsurface intakes of filtered seawater for
desalination and schemes for injection and infiltration of treated water. Potential impacts
of effluent re-use have been assessed at many inland and coastal sites in NSW
identifying possible nutrient and pathogen contamination of groundwater. FEFLOW and
PHREEQC models have been developed for clients to address concerns over regional
water supply sustainability in fractured rock and projections of long term salinity in open
mine voids.

Contact details and further information about WRL services, publications and student
opportunities: www.wrl.unsw.edu.au




Doug Anderson, Wendy Timms, lan Acworth and William Glamore at IAH congress in
Auckland.

lan Cunningham and Tega Brain sample groundwater with a new low flow Micropurge
pump.
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ESTERN AUSTRALIA

Annual Seminar - Groundwater Supporting the Resources Boom
Held on 27" July, 2006 at City West Function Centre

Overall, the program of our annual seminar broadly covered applied and research
aspects of hydrogeology, mostly in WA, with attention to agency policies and
groundwater issues in the current mining industry boom. Attention was focused on the
titte when Doug Brown (MWH) suggested that the title might have been ‘How
Hydrogeology Supports the Resources Boom'. Interestingly, Doug went on to discover
several kilometres of valuable mineral through an intelligent interpretation of a
dewatering and recharge operation. Overall, it seemed that hydrogeology problem
solving and resource interpretation has been a central contributing area for professionals
in the resources boom. There is a requirement for sustained attention, a good
hydrogeological understanding and expertise right around the mining cycle, boom or
bust. An understanding that allows for sustainability and recovery, for groundwater flows
outside the mine gates, the community and the environment.

Richard Martin (RioTinto) began the seminar program with solution mining of
Potash in Argentina. The mining uses no real underground mining equipment or miners
but water flow (or rather solution flow) between boreholes in pairs. Solution flows of
around 1 m®sec between two large underground basins collect salts that are about half
KCIl. In the long term, the waste NaCl brought up with the KCI will, perhaps, be
redeposited in the mining voids.

Ryan Vogwill (CALM) considered resource exploration, the environment and the
triple bottom line. This requires a comprehensive understanding of geology,
hydrogeology, hydrology; climate, biology, ecology and their interactions but also needs
to be combined with long term monitoring and linkages with socio-economic balances.
Extensive monitoring and modelling may predict outcomes. Such models can be open
and transparent but are expensive and the usual conclusion is that more information is
required. An alternative, Bayesian Belief Networks (BBN), utilise expert opinion and
intuition and may produce outcomes for feasibility assessment or small projects; but
BBNs are only as good as the intuition and understanding of the experts.One of the main
limiting factors in this is the tolerences and thresholds of biot and ecosystems to
condition decline and mortality. Colin Walker (WA president) aptly summarised Ryan’'s
talk: “The complications of models stretches the limits of the single human mind”.

Doug Koontz took the perspective of the Association of Mining and Exploration
Companies (AMEC). From a groundwater perspective AMEC are interested in the
update of the water resource database and it being made available in a readily
accessible digital format. Also AMEC considers it essential that the State Water
Resource Exploration Program is restarted. Only about 3 exploratory wells have been
drilled since 1998. With 100 drilling programmes maybe 10 will have prospects and,
then, only one may be economical for mining. Practicality and timeliness is important to
reduce risk. Certainness and consistency are necessary in government regulations,
procedures and personnel. Clearly, this is not so with frequent staff changes and
restructuring particularly in regional offices; in the past year or so DoE and WRC
merged, then separated again, DoE and CALM have merged to form DEC.

Hugh Middlemis (Aquaterra) revealed that by 2000 it was clear that calcrete voids
are most likely habitats for stygofauna in central Pilbara iron ore mines. His data, from
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about 20 bores in Ethel Gorge, Hamersley Range, suggested that for every metre of
calcrete thickness, you may capture one amphipod. The bore with the highest yield
(over 350) showed remarkable recovery after dewatering below the base of the calcrete
for more than 4 years. Are the creatures robust? Do they easily move laterally or
vertically? Adapt to different habitats or water quality? Does sampling improve the
habitat for amphipods? Could over-drilled sumps serve as refugia? The gaps in
understanding tolerances of these biota are currently being breached but it is important
to expedite this.

Vince Cinanni (BRW) discussed water reuse applications with salinity, turbidity,
impurities (nitrates, boron, arsenic), hardness, oil and grease with a couple of regional
examples, and by comparing costs. Generally, water should be ‘fit for purpose’ and
operation should be simple, perhaps remote and unmanned, with a ‘salt sink’. One
option is to reuse/recycle in process with no discharge, with residues disposed to tailings
ponds or mine voids or via Managed Aquifer Recharge (MAR); not evaporation ponds.
Some of the current trends in this aspect of the industry are;

creating potable water from pit water,
cooling tower make up water,
tailings pond or cyanide liquor recovery, and
groundwater remediation to gain resource or remove heavy metals from acid mine
drainage.
Drivers are the scarce water resource, zero discharge or containment of contaminated
discharge, or by-product recovery.

Capital in $A/KL/d of Power cost in
capacity SA/KL
Micro or Nano filtration (MF / 200 0.01-0.02
NF)
RO with Brackish Water 300-600 0.20-0.60
RO with Seawater 1000-1500 0.50-0.80
Brine Concentration (BC) 2500 to >4500 0.70-2.50
Evaporation
Crystallisation >6500 >3.00
lon Exchange (softening) 500-1500 >1.00
Electro deionisaztion (EDI) 500-1000 <1.00

Doug Brown Channel Iron Deposits (CID) have become a significant source of iron
ore export from the Pilbara Region of Western Australia. Hydrogeologically these
deposits present significant challenges in terms of advance dewatering and discharge
management, to maintain safe and workable mining conditions, and closure planning to
prevent the formation of saline pit voids.

The Yandicoogina CID deposit infilled the palaeo-drainage of the Marillana creek
system during the Tertiary Period and has been subsequently dissected by more recent
drainages to form the characteristic “Mesa” topography. The deposit comprises coarse
sand to gravel size pisolites which have been re-cemented in a goethite matrix. The CID
represents a relatively narrow but regionally significant freshwater aquifer bounded by
relatively low permeability bedrock. Groundwater flow within the aquifer is dominated by
secondary solution cavity features with local recharge occurring where ephemeral creek
systems directly flow over the aquifer. Prior to dewatering up to 80% of the
Yandicoogina ore body was situated below the natural water table

Pilbara Iron is currently developing the downstream Junction South East (JSE)
expansion of their Yandi operation. Hydrogeological issues associated with this
development have been addressed throughout the pre-feasibility, feasibility and current
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development phases through a comprehensive program of drilling, test pumping,
hydrochemical sampling, numerical modelling and ultimate optimisation of the
dewatering and discharge approach.

The feasibility stage investigations at Yandi included the completion of a prolonged
pumping and aquifer re-injection trial. The results of the trial highlighted the groundwater
environment on the southern margin of the JSE deposit to be suitable for the re-injection
of a component of excess dewatering discharge. The primary justifications for adopting
aquifer re-injection at an operational scale are to:

Limit the drawdown impact of dewatering within the Weeli Wolli Creek system
Limit surface discharge to a sensitive creek ecosystem and so prevent the
development of a dependent ecosystem.

Bank the excess water for potential future usage

The adopted dewatering strategy for JSE is based on the interference of drawdown
impacts from a series of sacrificial “cluster” borefields located upstream and downstream
of the active mining area. The discharge management strategy includes the direction of
a component (up to 20 ML/d) of the excess dewatering to a purpose built aquifer re-
injection borefield situated in the downstream Weeli Wooli groundwater system

Operational dewatering and re-injection is due to commence at Yandi JSE during Q3
2006

Mariajose Romero-Segura (Golder) presented the practical essentials of dewatering
in mining, by asking three simple questions, why, how and when do we dewater.
Why do it?
- For improved safety from wall failure hazards for personnel and equipment.
For better trafficability with a reduction of slippery surfaces, better traction, and
less danger on haul ramps.
The loss of time and costs of sheeting is less.
There is less ore dilution, less water in loads, less clay recycled in truck trays and
better control of grade sampling.
Heavy equipment operates better; there is less maintenance and cleaning
required. this results in less mechanical damage and better conditions for damage
assessment, less punctured tyres and less corrosion.
Wall angles can be steeper. Blasting is less expensive with no need for water
resistant explosives and hole redrilling.
How to dewater?
Evaluate regional groundwater surrounding the operation; depressurise/dewater
as required to a specific mining sequence to maintain groundwater quantity and
quality.
Use V drains and trenches, in-pit sumps, sub-surface drain holes, dewatering
wells.
When?
- Early!
Good planning and water management was regarded as a pre-mine process that
should consider mineral exploration of wet, moist, and dry formations and develop
a piezometric surface record.
Preparing production bores ahead of mining..
The pitfalls of dewatering include; poor or inadequate dewatering designs,
insufficient pump capacity or pipe size or insufficient pre mining lead time to allow
drawdown in advance of mining.
In short, mine dewatering increases safety and reduces cost; but requires high quality
geotechnical engineering, groundwater modelling and extensive monitoring.
Dewatering should be started ASAP.
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Rob Wallis (URS) presented the Hose Line Mine operated by GMA Garnet, a N-S
strip in sand dunes at the foot of the coastal escarpment, 12 km northeast of Port
Gregory, Geraldton. During mining the sands are washed and slurried, concentrated
using spiral separation and gravity, then drained and stacked. Open drains allow reuse
or treatment water though there is some wastage through seepage and evaporation.
Additional water is abstracted from the superficial aquifer upstream of a salt water
wedge, about 600ML/yr from 14 bores is utilised for the mine site and processing.
Extensive borefield monitoring shows rising water levels upslope (due to more recharge
or throughflow). The salt water interface has moved downgradient and become more
diffuse. Utcha Swamp has also shown decreased salinity and stable surface water
levels.

Phil Commander (DoW) presented an agency based groundwater assessment on
the mining areas. Mining is very dependent on groundwater and utilises approximately
40% of WA'’s groundwater use. Typically this involved the use of saline water in remote
areas and did not compete with other users.

DoW generated knowledge resources include reports, map
series, bore databases, and report databases. Management is
based in Regions: E Goldfields, NE Goldfields, Southern Cross-
Esperance, Midwest, Tanami, Central Pilbara, Pilbara Coast.

Aquifers vary in occurrence shape and size. In the goldfields
aquifers utilised for mine processing are typically paleo-
channels. 10 m deep on average but with bases 20 to 100 m
below the surface containing valley fill and sand on the surface.
The Collie Coal Basin, an intracratonic sag basin, has a regional
monitoring network and extensive groundwater flow and
transport modelling is done; there are mine voids which have
become lakes and natural wetland water quality issues; eg, lake

Kepwarri has post mining uses. Water used for mining in other areas is typically
abstracted from sedimentary basins, eg. N Perth Basin—mineral sand mining.
Investigations planned by the DoW by 2020 include studies of the Murchison
palaeochannels, Goldfields, Musgraves, and Pilbara.

Gary Humphries’ presentation explained that the DoW must consider water supply,
dewatering, tailings, disposal, and closure concerns. With an initial mining proposal, the
EPA decides on the level of environmental assessment. Later, with development, during
operation and at closure, there are requirements for monitoring, borefield testing,
dewatering impact, water use efficiency, and long term environmental impact studies
around the mine and nearby waters. During review of this it has become apparent that
operation and licensing procedures need to adapt to changes.

Trevor Haig pointed out that increased mining and downstream processing along the
coast of the central and east Pilbara required additonal water resources. Problems of
impacts on surface water environments, desalination, water use efficiency, conversion of
dewatering sites to sources were discussed, along with the prospect of a “monster”
pipeline from the Fitzroy. A lack of water supply will hinder development so there was a
need for a regional water management plan. Present steps include a source review, an
evaluation of potential supplies, modelling the Millstream aquifer combined with the
current use and demand predictions. Environmental water requirements (EWR) and the
triple bottom line also need to be considered | nthis process.

Present water schemes total around 40 GL/yr, and include the Onslow Groundwater
Supply, and works on/in the Cane River, West Pilbara, the Harding Dam, Millstream,
Port Hedland, Yule River, and De Gray River. Modelling needs to be undertaken to
guantify recharge, response and predict available abstraction to different borefields and
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climate. To quantify the future Pilbara Water Use and Demand, DoW wants to identify
users, quantify current and future use and dewatering, and predict future demand. This
must be combined with an understanding of the probability of new sources coming on
line and their likely sustainable (acceptable) yields. He saw potential for future supplies
(~30 GL/yr) from river schemes on the Robe, L. Fortescue, the Maitland, Turner, and the
De Grey. Some of these schemes are the main topics of current funding submissions.

Patrick Seares presented the Pilbara Regional Water Plan the objectives of which
are;

to secure water to ports (variable alluvial aquifers and the significant
infrastructure costs),
manage dewatering of local GDEs (downstream effects and wastage),
improve water use efficiency (supply process or dewatering water to mining
towns and use poor quality water for dust suppression),
protect the culture and the environment (with correct process and a triple bottom
line approach when it is difficult to obtain information) and the managing of
competing users.

Groundwater users of the Central and East Pilbara will compete for water in the
growing market. Government funding should involve key stakeholders, identify real
social, economic and environmental values, utilising an extensive understanding of
the best available science and statutory law . The DoW needs to interrelate to the
NWI, better coordinate information, recognise and work with groundwater users
across all sectors of the community.

Colin Walker, Bill Scott, Ryan Vogwill, Jan Vermaak and Len Baddock

Upcoming Events

NZHS Hydrology Summer School
4th - 8th December 2006: Environment Canterbury, Christchurch

NZHS, with the assistance of NZ Met. Soc. is running a summer school for secondary
school students this year. Please contact Caroline Meilhac (c.meilhac@gns.cri.nz) to
reserve a spot for any student you know who would like to attend. Tutors at the school
include water resources specialists working in the public and the private sector.
Audience: late secondary school kids (6th and 7th formers)

Day 1 The weather and rainfall, including building a rain gauge; Day 2 Rivers - flows,
including doing a stream gauging, stream quality and stream ecology; Day 3
Groundwater, including visiting artesian wells and springs; Day 4 Irrigation, water
management; Day 5 Field trip.

Registration fee: $115 + GST

This registration fee covers morning and afternoon teas, lunch and
field trip transportation.
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Registration contact: Caroline Meilhac, GNS Science, Wairakei Research
Centre, Private Bag 2000, Taupo.

Email c.meilhac@gns.cri.nz

Phone: 07 376 0122

Fax: 07374 8199.

More details of the programme and registration information on the NZHS web site

Resource management under stormy skies: water allocation @
the cross roads?

The NZ Hydrological Society Symposium will be held in Christchurch (November 20-
23, The symposium is being held jointly with the New Zealand Association of
Resource Management (NZARM) and the New Zealand Meteorological Society
(MetSoc).

Papers are due by August 31% 2006, with authors notified of acceptance by September
22", The template for an extended abstract (maximum 2 pages) is available on the
conference website: http://www.conference.canterbury.ac.nz/rmuss/

Particular themes at the conference are:

The use of science within the Resource Management Act
Innovative water management

Future land use options

Integration of science, management and community

Future climates: science and management

Air and water quality

Resource measurement: issues, challenges and new ways forward
Preventing and mitigating natural disasters.

The organisers are also happy to consider papers and contributions on any of the
normal themes covered at HydroSoc symposia. Further details on the conference are
avialable at the website or through contacting either Tim Davie (
DavieT@LandcareResearch.co.nz) or Charles Pearson (c.pearson@niwa.co.nz).

Upcoming Conferences

September 7-8, 2006. Groundwater Surface Water interaction in the Arid Zone. Alice
Springs. jon.sumner@nt.gov.au

September 13 - 15 2006 First International Seminar on Mine Closure Sheraton Perth
Hotel, WA www.mineclosure2006.org

September 18-20, 2006. 10th Murray-Darling Basin Groundwater Workshop. Chifley
on Northbourne Hotel, Canberra. www.conlog.com.au/groundwater

September 24-28, 2006. Interact 2006 —air water & earth. Burswood Convention
Centre Perth. www.promaco.com.au/conference/2006/raci
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November 14-16, 2006. Water in Mining 2006. Sofitel Hotel, Brisbane.
www.ausimm.com

December 13- 15, 2006, Joint Congress of 9th Australasian Environmental Isotope
Conference and 2nd Australasian Hydrogeology Research Conference. Stamford
Grand Hotel, Glenelg Beach, Adelaide. www.groundwater.com.au

2007, November 25-29, Groundwater Quality 07 Securing Groundwater Quality in
Urban and Industrial Environments. Fremantle. www.csiro.au/GQQ07
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