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MICHAEL KNIGHT completed BSc and PhD> degrees in the Geology Department at
Melbourne University by 1971. The following three years saw employment in the Agriculture
Department and Geological Survey. Research and Investigations covered groundwater as a
resource (crop and village supplies and pollution issues) and as a problem (landslide and
underground hydroelectric scheme dewatering). A love affair with rubbish dumps and waste
disposal began in PNG.

In 1974 he was appointed leceurer in Engineering Geology. The period 1974-1987 saw active
involvement in research, training and consultancy covering Hydrogeology, Waste Disposal,
Environmental Geology and Engineering Geology. Four new Master of Applied Science
Degree Programs were created over the peried. In addition, substantial involvement with the
development of Engineering Geology as a profession took place in international and national
arenas. Locally this included being a founding member and chairman for several years of the
Geological Society of Australia. He is currently Australian representative on IAEG and ISSM
Commissions dealing with waste and environmental management.

The National AWRAC Centre for Groundwater Management and Hydrogeology began its
life in July 1987 and Michael is its founding Director, He has found it exciting to see the first
students to successfully complete the new Masters Degree in Hydrogeology and Groundwater
Management. Key personal research interests currently include remediation of contaminated
sites and improving borehole efficiency.

Michael is enjoying the challenge of directing a growing enterprise designed to serve the
Groundwater Industry through the three roles of training, research and consultancy. Beyond
work (there is life after work!) has a wife Janet and four children. He is also actively involved
in a local Anglican church,

DON WOOQLEY graduated from the University of Tasmania in 1957 with BSc(Hoens) in
geology. After spending three years with BMR regional mapping parties in Central Australia
he was seconded to the Resident Geologist Office in Alice Springs. He provided groundwater
advice to landholders and government agencies until 1966, when he joined the Water
Conservation and Irrigation Commission (now Dept of Water Resources) in NSW. There he
was involved with a number of regional groundwater surveys, wwn water supply projects,
and development and administration of groundwater allocation policies. He was the NSW
member and Chairman of the Australian Water Resources Council Groundwater Committee
for several years, and AWRC nominee to the Australian Drilling Industry Training
Committee, and a NSW member of the Steering Committee for the Commonwealth-State
Murray Basin Hydrogeology Project which has recently become the Groundwater Advisory
Committee of the Murmay Darling Basin Comrmnission. During the earlier part of this period he
gained an MS8c at UNSW, and did some part-time lecturing there in the early days of its



development of post-graduate training, In early 1989 he resigned as Principal
Hydrogeologist to take a position with Coffey Partners International, whence he has recently
departed to resume his work on the management of groundwater problems in the Mumay
Basin in a consulting position with the NSW Dept of Water Resources.

ROBERT CARR is currently an Associate Director of Lawson and Treloar Pry Ltd, a
position he has held for the past year after nearly four years with the firm_ He completed a
Bachelor of Engineering (Civil} at the University of Queensland in 1979 and then spent five
years in Iowa, USA completing an MSc and PhD in Stream-Aquifer modelling for
uncenfined buried channel alluvial systems. Upon returning to Australia in 1985 he spent a
year with Cameron McNamara (now Kinhill) and a short stint with Sinclair Knight and
Partners before joining Lawson and Treloar in carly 1987. Robert’s interests are in the
numerical modelling of groundwater and river flows both from the quantity and quality
aspects.

JOHN B. ROSS is currently employed as Senior Hydrogeologist - Projects with the NSW
Department of Water Resources in Parramatta. He has worked in Hydrogeology since 1971
on both investigation and groundwater management projects within the State. His particular
skills are in the investigation and analysis of groundwater resources, and in the planning and
negotiation of the allocation of these resources across various consumer groups.

John is presently involved with the preparation of a State Groundwater Policy and the
development of policy and guidelines for individual issues, Other work involves preparation
of Groundwater Management Plans for important aquifer systems, groundwater licensing,
and assistance with the Dryland Salinity and Great Artesian Basin programs in NSW.

GEORGE GATES has worked in Hydrogeology since 1970. He has experience both in the
government and private sector as well as extensive field knowledge which comes from living
for five years in Western NSW. George is particularly involved with groundwater
quality/pollution projects. He has undertaken groundwater mapping work and is also heavily
involved in Dryland Salinity investigations. George is presently working on a review of the
groundwater quality network in NSW. The recognition of both point source and diffuse
contamination of aquifer systems has made this an important issue.

GARRY PANTELIS completed his PhD in the Mathematics Department of the UWA in
1985. He has since worked for the Environmental Science Program at the Australian Nuclear
Science and Technology Organisation (Ansto) where he has been involved in the
development of mathematical and computer models for groundwater contaminant transport.
In the last 2 years he has been largely instrumental in the development of models which
describe the oxidation of pyritic mining ore waste dumps. Through this he is becoming
increasingly involved in several wider commercial projects contracted (o Ansto with
applications to both commercial low grade ore heap leaching and environmental concems.



FROM THE PRESIDENT

On behalf of all of us, I would like to thank our TAH colleagues in Western Austalia for the
excellent way in which they have conducted the affairs of the group over the past few years.
The NSW team thanks you, the membership, for entrusting to us the task of leading IAH, and
we pledge our best efforts in this regard.

Whilst on acknowledgements, ! am sure many of you wish to join with me in congratulating
Harry Ventriss and his team on the excellent Intemnational Conference on Large Sedimentary
Basins in Perth during July. Gerry Jacobson has kindly reported in more detail, elsewhere in
this newsletter. I especially appreciated meeting our overseas guests and in particular, Dr Beate
Schwerdifeger, the IAH (International) Treasurer based at the BGR, Hanover, Germany.

Your new Committee has met several times since taking office. Our main focus to date has
been on achieving a smooth functioning of IAH administration and laurching this newsletter,
Whilst overseas recently (July - October), I managed to speak with the IAH Secretary General,
Dr Andrew Skinner in the United Kingdom, and briefed him on the excellent progress being
made by our South Australian Colleagues on the Organisation of the 1994 Intemational
Groundwater Congress (see first circular in this newsletter). The topic “Sustainable
Management of Shallow Groundwater Systems” is most timely and [ encourage you to indicate
your interest in this activity and return the slip to Joseph Mazzone. Joseph has more *first
circulars” if you are able 10 help spread the good news. We really need to aim at 2 minirum of
400 people 5o that maximum benefit can be gained from the hard work that will be putin. Plan
to be there end cncourage others. If you are going to conferences in related fields before 1994,
there are both brochures and videos (make sure format is appropriate) available for marketing,

The Committee has given some attention to the issue of use of the IAH accumulated funds
resulting from exchange rate flucuations and wise management by the last Committee. We
strongly endorse the concept previously proposed that State Committees be encouraged to put
forward financially sound proposals for advancement of our profession. At times these may be
hindered by a lack of “seed” or “loan” money. We welcome any suitable proposals,

In my overseas travels and reading over the past months, I have been struck by a number of
significant trends that will influence our thinking about water. One is the simple increasing

worldwide demand for water (Figure 1).
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Other Unesco statistics indicate that Burope and Asia are the largest users in proportion to
resources available.

From our point of view, groundwater will increase in importance worldwide as part of the

overall supply asset. Primarily, and underlying these rises in water demand, is the global
population increase and, more specifically, the growth in urbanisation (Table 1).

Table 1 Rural-Urban population migration shift 1950-2000*

% Population Living.in Cities Year

1950 1990 2000
Developed Countries 52 76 20
Developing Countries 16 36 53

* (UN Report in ‘Sowth' January, 1990]

Such focussing of people in limited areas will require re-thinking about water supply and use.
If very large piping distances from surface or groundwater supply areas are to be avoided,
increasing water re-use, via treatment may be the norm in the near fure, Treament methods
involving aquifers as storage and renovating vehicles as well as engineered solutions will need
to be explored. The practice of waste water disposal to rivers or sea will be a luxury in the near
future. Aquifers below or near urban areas will gain in importance and will be under increasing
potential contamination pressure,

Paralle!l with urbanisation I anticipate there will be a shift in rural areas to more intensive food
production involving feedlots, chemical use etc., These practices will increase groundwater
contamination pressures. Agreements on the extent of groundwater protection zones and
appropriate quality standards will need to be resolved case by case. Some principles are
beginning to emerge from the AWRC Study.

As urbanisation increases waste production may be expected to rise. Hydrogeologists will need
to also increase their involvement with waste disposal system design where land is involved.
Pro-activity here is to partly minimise groundwater contamination but also, in some cases, to
recover valuable resources, eg. land application of waste water.

Finally, let me exhort all members to think about writing some short technical article or note
which could be submitted to our Editor, and in some cases, the AWWA Joumal “Water”. The
June Focus on Hydrogeology showed that there are latent articles out there. There has been a
suggestion to the Commitiee that an “Australian Joumnal of Hydrogeology and Water Research” -
might be appropriate. If there is a genuine rising demand it should be demonstrated via these
outlets.



NEWS FROM THE TREASURER

1990 SUBSCRIPTIONS

A reminder to all members if you haven’t sent in your 1990 membership fees. Invoices were
recently sent to all those members with outstanding accounts for 1990, recommending that
these be paid by the 31st December 1990. Please note that subscriptions are on a “calender
year’ basis, not a ‘financial year' basis.

Members in amears for 1989 and 1990 will be sent final reminders in February 1991 as under
the rules of the Association, membership lapses after 2 years of non-payment,

For 1991 and subsequent years, members will be reminded to pay their annual subscriptions
in the February and June Newsletters and then sent reminder invoices in October. Please help
your National Committee to keep costs down by paying your *subs’ early in the calender
year.

NEW MEMBERS

If you know of any potential members for the IAH, now is the time to sign them up. Joining
now will cover their 1991 membership fees and ensure receipt of material from the
International body in 1991.

IAH TIES

The Commirtee still has stock of IAH ties. These are available from the treasurer at $18.50
each.

OTHER NEWS

The Australian Water and Wastewater Assoctation has had several responses 10 membership
because of its special June issue on Hydrogeology. One of the main reasons for the
groundwater theme was to encourage more hydrogeological articles and papers. More papers
will broaden the understanding of groundwater issues and studies in Australia amongst water
resource planners and other specialists. You are encouraged to use their journal "WATER"
for the timely publication of articles of broad appeal or special significance.



GROUNDWATER IN LARGE SEDIMENTARY BASINS
Conference Report

This conference, held at Perth, July 9-13, was a huge success. More than 50 papers were
presented. The conference substantially enlarged our knowledge of Australian sedimentary
basins, especially as a result of multiple papers on the Perth, Murray, Amadeus, Great
Artesian and Canning Basins. As usual with the AWRC groundwater conferences, the
publication of the conference proceedings will add considerably to the published
documentation of these major groundwater systems. The documentation of Ausiralian
hydrogeology is still deficient and this poses serious problems for anyone engaged on
regional or national'scale studies.

Comparisons with overseas basins were useful, and day to day hobnobbing with such
groundwater greats as Toth, Lloyd and Mazor was an experience in itself.

Meetings of the Australian groundwater fraternity (increasingly sorority as well, great to seel)
are of course keenly appreciated. We are so dispersed! In five Perth days a great many deals
were done, problems thrashed out, faces put to names ... This being so, one must ask, why do
we have to wait so long between these important meetings (last one 1986, next one not till
1994)7

I enjoyed the 10 minute presentations - as a speaker this presents a real challenge. However
the discussion sessions were of uneven quality. These sessions provide the opportunity for
non-presenters of papers to discuss issues. It is not easy to group papers appropriately for
discussion or for the group leaders to generate serious discussion of issues. Nevertheless I
judge the format to be better than the standard half-hour time slots which necessitate
concurrent sessions.

Organisation was impeccable - take a bow Harry Ventriss, committee, helpers - down to
usefule satchets! Social events were memorable, especially a wine-tasting in an ancient
vineyard. However I wonder whether the modest attendance, around 170, justified the
enormous amount of work involved. In view of the international billing of the 1994

. conference, the AWRC should look closely at the reasons why groundwater people dont
attend such good conferences. For instance apparently a large number of papers were rejected
- could they not have been presented in poster form? In many agencies, presenting a paper is
mandatory for one’s attendance being funded. Ways of facilitating the attendance of overseas
people also needs to be reviewed.

Gerry Jacobson



INTERNATIONAL HYDROLOGY AND WATER RESOURCES SYMPOSIUM 1991

Perth, Western Australia
2-4 October 1991

The Symposium will provide a forum for papers and discussions on topics covering all
aspects of hydrology and water resources management. The theme, "Challenges for
Sustainable Development” will provide a focus for communication between technical
specialists and managers.

Call for papers - submitted papers should focus on any of the following:

Water resources planning and manggement; public participation in decision making; planning
for a sustainable environment; hydrological processes; extreme hydrologic events; water
quality; groundwater contamination; salinity, erosion and land degredation; land use and
catchment management; model calibration and software applications; urban hydrology;
hydrological instrumentation,

Organisations and individuals are also invited to submit proposals for conducting
pre-symposium workshops on 1 October, 1991, Accepted workshops will be advertised in
January, 1991,

Deadlines:

Receipt of synopses and workshop proposals 30 November 1990
Netification of provisional acceptance 11 January 1991
Receipt of full text for final review 5 April 1991

All comrespondence relating to the Symposium should be addressed to:

The Conference Manager

International Hydrology and Water Resources Symposium 1991
The Institution of Engineers, Australia

11 National Circuit

BARTON ACT 2600 Australia

Telephone: +61 (06) 270 6562 Fax: +61 (06) 270 6530
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SHE (System Mydrologique Europeen) snd its Applicability to Australia

Robert S. Carr
Associate Director, Lawson and Treloar Pty Ltd

Australia faces & severe salinity management problem in the Hurray-Darling
basin which tekes in a large portion of North-Western Victoris,
South-Western New South Wales and Eastern South Austrslia. The combination
of existing dry-land salinity, land-clearing {which increases recharge to
the groundwater system through decreased evapotranspiration), irrigation,
flood and drainage works, road and reilway construction and urban
developennts hag resulted in s changed hydrelogy of the area, the product
of which is rising water table levels and seliniestion. Rising water
tables have caused groundwater discharge zones to develop, some of which
have reactivated old leke systema. Further compounding the problem is the
saline mature of the discharge zenes. This salinity comes from salt
trapped in the soil below the surface through evaporation of water in the
unseturated gone. The problem is not just a groundwater issue, it also
containe elements of surface drainage, agricultural practice, flooding,
recharge processes and atream-aquifer interaction. The potential losses
are not only agricultural, there asre meny wetland areas in the Basin which
will become hypersaline end lose their natursl flora and fauna. It is a
total basin problem which must be addressed in the proper way.

One possible approach to obtaining information about the possible impact of
management scenarios is to construct a numerical computer model of the
bagin in queation. The model would be calibrated againat a series of
peasured field data and verified against an additional independent measured
field data series. With this model, management options for controlling the
problem can be investigated. The options can take into account the social
and economic impacte and a strategy formed te manage the problen for the
best intereats of the community.

During a Churchill Fellowship to study whole-basin modelling techniques apd
models in Europe, T spent approximately four weeks in the hydrelogy section
of the Danish Hydraulic Intitute (DHI) working with the SHE eyatem. SHE
development was begun in the late 1970's by a consortium of the Institute
of Hydrology (UK), SOGREAH (France) and the Danish Hydraulic Institute
(Denmark) as & European Economic Community and national research council
funded project. The aim was to develop & model that could simulate ss many
processes in the surface/groundwater syatem that could be included within
the framework of & numerical code. The model includes the processes of
overland and channel flow, unsaturated and saturated aubsurface flow,
evapotranspiration, eoil erosion processes, canopy interception, tile
drainage, snowmelt and reinfall. The basic structure of the model ia shown
in Figure 1. Rain and snowfalls are input, and the runoff is generated by
either the rainfall or melted snow choosing between runoff and
infiltration. Infitration rates are determined by a solution of the
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Richard'e equation in the unsaturated zone. Each grid square can have
different rainfall and soil characteristics, elevation and vegetation type.
The Institute of Hydrology worked on the evapotranspiration and root zone
modelling. SOGREAH developed the overland and channel flow components and
the Danish Hydraulic Institute developed the unsaturated and saturated zone
models. The considerable field experience which has gone into the
component developments cannot be quantified in terma of linea of code. The
entire model is in finite difference form with transfer between the
hydrologic components managed by & central unit {the 'frame')

It was originally intended that the model could be physically-bamsed system
in which the required parameters could be easily messured in the field, and
then placed in the model without the need for additional calibration.
Prial catchments were enalysed in Wales, New Zealand and Germeny. The
model was more or leas completed in its basic form by 1985. Since that
time, each individual organization has sdded different features to the
system. The Danish Hydraulic Imstitute (DHI) has added three-dimensional
groundwater flow, & scil erosion model and transport-dispersion pollutant
flow. The model has since been used in Thailand, Denamrk, India and
Tanzania. It was therefore appropriste to visit DHI to determine the
atatus of SHE and to find out to what sort of problems it could be
successfully applied.

SHE has been designed in such a way as to be flexrible in its application
through the program structure. Becsuse components of the system were
developed in different countries by different organigations, it needed a
structure which could incorporate new veraiona of different’ components as
they became available for testing. The FRAME in SHE is 2 'manager' of the
system which calls the different compoments as they are required. Because
of this structure, it means that different components can be used or
discarded as the problem to be investigated requires. This makes SHE a
flexible program which can hendle very complex problems and also simple
ones within the one program. Rainfall rates can vary across the catchment,
as cen land use (desert, forest, farm, urban), Drainage (overland flow,
ptream) and Soil type (permesbility, retemtion curve}. Not all the
variability and components have to be used in a model. The model can be
developed as a simple system firat, and then additional components added to
determine if they ere important. The varisbility does not have to be
specified at each grid point, it can be specified once and applied to a
range of locations.

The sdvantage of the extremely complex nature of SHE is that each
individual process {recharge from rainfall, recharge froz streams, surface
ponding etc§ is modelled individually, and can therefore be individually
quantified. This is in contrest to less complex models which 'lump’
processes together in & ‘black box' and the effect of management practices
on each individual process cannot be determined. The models do not need to
be totally calibrated to provide an insight as to the relative effect of
management practices. Because the model has each individual process
incorporated, it is pessible the assess the relative behaviour of the
pystem. This is the sspect of the model vhich appears to meke it
attractive in an inter-reactive hydrologic system such as the
Murray-Darling system.



15

The model is suitable for land use planning and catchment degradation
atudies in sddition to water quality and local scale problems. With the
transport model, it is suwitable for the analysis of single and
multi-layered salinity problema. The density-dependent transport
capabilitiea are presently under development. Since my visit te DHI in May
1990, a project hae been completed which incorporates the transport of
nitrates through the unsaturated gone and in the overland and channel flow
portions of the model. 3Salt can be considered a contaminant in the fresh
vater system, eo the investigation of salinity modelling and contaminant
modelling is the same from a numerical standpoint. It is only the
chemistry of the exchange process that differs.

Apart from the water quality expertise within DHI, there is a "sister’
institute nearby, the Water Quality Institute. This organization is where
some of the chemical and biclogical expertise is developed, and then the
processes are incorporated into the models.

In general, the results of the triala of SHE were promising. There are
aome individual processes that would need refinement for Australian
conditions, but the model has been used in semi-arid and tropical
environments before with success. Although the model is complex, and &
good understanding of seversl hydrologic processes is reguired, the model
proved reasonable to use. It is epplicable to both very small-scale and
large scale problems. I was able to simulate detailed hill-slopes with
seepage faces and unsaturated zones, and also regicnal groundwater problems
in one-layered systema with stream-aquifer interaction.

SHE was originally described as a physically-based system because it was
hoped that the parameters could be measeured. This has not proved to be
the case through the testing programme and in real-world applications. One
problen is that the parameters are not homogeneous within the level of
discretization used in the model. The degree of heterogeneity depends on
the grid acale being used and on the parameter in question. Work is being
done at DHI to attempt to quantify the effects of different grid scale
models, and to estimate parameters from-satellite imagery.
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ARID ZONE TER: A FINITE RESOURCE
Issues in Water Management 6

Conference, 11-14 April 1991 - Alice Bprings

The conservation and management of arid-zone water resources are
vital for Australia’s future. Two—-thirds of the continent is
arid and the lack of, or poor gquality, of water is a serious
constraint to develcopment. In this vast region, groundwater is
more useful than surface water. However, limited recharge of
groundwater aguifers suggests that resources may not be
sustainable. Major towns and settlements, such as Alice Springs,
draw on ’fossil’ groundwater at a considerable rate and in the
Great Artesian Basin many bores flow uncontrolled. Can these
resources be conserved? Are there hydrological limits to human
settlement of arid Australia? Are there real prospects of
greening the red heart?

The Aboriginal outstation movement and the program of excisions
of pastoral leases are leading to increased needs for community
water supplies. Can these needs be met? Are outback communities
disadvantaged? Can saline or other water quality problems be
avoided or ameliorated?

Conversely, the arid zone can be considered as rich in saline
groundwaters which can be used industrially and from which salt
minerals can be extracted. Are there prospects for economic and
sustainable development of these resources?

The Centre for Continuing Education at the Australian National
University, in co-operation with the N.T. -Power & Water
Authority, is sponsoring a conference in Alice Springs, 11-14
April 1991, to provide a community forum for discussing the range
of arid-zone water problems. This conference will be the sixth
in a series on Igssues in Water Management,

For further information, please contact: Shirley Kral, Centre
for Continuing Education, Australian National University, GPO Box
4, Canberra, 2601. Telephone: (06)2494580 or (06)2492892
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HONOURS PROJECTS WITHIN THE DEPARTMENT OF GEOLOGY
UNIVERSITY OF MELBOURNE

The following abstracts describe two honours projects which were carried out at the
suggestion of the Rural Water Commission in Victoria, and supervised by Bernie Joyce in the
Department of Geology, with Joe Leach of Ballarat University College jointly supervising
Patrick Halewood in his remote sensing work

The Geomorphology, Sediments and Soils of the Mid Campaspe Valley, Victoria and
Relationships to Groundwater Recharge

Ross Neivandt

(Honours project report submitted as part of the BSc(Hons) degree in geology within the
Department of Geology, University of Melbourne; 31st October 1990)

ABSTRACT

Secondary salinity developed since white setdement in Northern Victoria has become a major
problem throughout Australia, resulting in land deterioration and reduced agricultural return.
In recent years the lower Campaspe Valley has begun to show effects of increasing
groundwater salinity and associated soil salinization.

This study has investigated the colluvial and alluvial deposits of the Barnadown-Elmore
region of the Campaspe valley. A system of geamorphic mapping, soil mapping, soil and
sediment analysis and field infiltragon testing has allowed delineation of units of significant
infilration potential and further considered them in terms of ability to contribute to
significant recharge to the underlying deep lead aquifer system. '

Results identified the colluvial units as the onty unit with significant potential to recharge the
aquifers via infilration through superficial units. The magnitude of groundwater recharge
believed to occur in the project areas general vicinity cannot be explained by recharge
through colluvium alone.

Further studies showed that significant recharge to the deep lead system also occurs via the
flow of water carried by the present day Campaspe River down the plane of a newly
discovered fault identified by the author in extended field studies. This fault strikes
approximately north-north-west and intersects the course of the river, The western block is up
thrown by approximately forty to sixty metres, the present Campaspe River reworking coarse
deep lead material exposed by this displacement. Permeability developed along the fault
plane allows water to flow downwards from the river's channel to the buried deep lead at
depth in the down thrown block, hence recharging the aquifer system.

The Geology of the Rockwood-Dereel area, and the Applications of Landsat TM Data to
Groundwater Investigations in the Newer Yolcanics Province of Western Victoria,
Patrick Halewood

(Honours Literature and Rescarch Report submitted as part of the BSc{Hons) degree in
geology within the Department of Geology, Universty of Melbourne; 315t October 1990)

ABSTRACT
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Geological mapping was carried out in the Rockwood-Dereel area. The oldest rocks to
outcrop are marine arenites and argillites deposited during the Cambrian to Ordovician in the
Bendigo Sedimentary Belt, These sediments underwent deep kaolinitic weathering during the
Cretaceous and Tertiary. Remnants of the kaolinitic profile are preserved below ferruginised
Early Tertiary fluvial clays, sands and gravels. Modern weathering of the Palaeozoic
sediments leads to the development of illite rich profiles.

Early Tertiary sediments, termed here the Illabarook Sand, were deposited pre-Oligocene by
north flowing rivers. Their ferruginisation is a post-depositional feature.

To the south the Palaeozoic sediments become buried below post-Miocene basalts and
Pleistocene to Recent tacustrine and alluvial deposits. Pre-Miocene fluvial sands and gravels
termed the Hanlon Deep Lead are also preserved below these younger rocks. The
post-Miocene basalts can be differentiated according to the nature of the weathering profiles
developed on them. The otdest flows show deep kaolinite profiles while the younger flows
display shallow soils containing buckshot gravel.

Enhancement of raw Landsat TM data, using linear contrast stretching and edge
enhancement, the principal components transformation, and band ratioing, was found to
produce suitable images for geological and hydrogectogical interpretations. Lithological
boundaries, structural features and groundwater recharge and discharge zones can be
delineated.



