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Groundwater is a critical element of
the Australian landscape, supporting a
rich variety of groundwater dependent
ecosystems across the continent,
providing inflow (baseflow) to river
systems, and underpinning much of
Australia’s economic, cultural and social
development, especially across the arid
zone.

Our understanding of critical
groundwater management issues,
including rising water tables, acceptable
levels of development or groundwater
contribution to environmental flows

are ultimately based on estimates of
groundwater recharge rates.

Factors influencing groundwater
recharge include characteristics of the
recharge beds, such as topography,
land use and vegetation cover, existing
soil moisture and the ability of the
recharge beds and aquifer materials to
capture and transmit water.

A variety of methods are available for
estimating groundwater recharge.
Choosing methods appropriate to local
conditions is important in obtaining

an accurate measure of recharge and
ensuring sustainable use of valuable
resources.

Animportant emerging issue is the
potential for climate change to alter
dramatically the existing recharge
regimes. In particular, understanding
how the magnitude and regularity of
large rainfall events may change is a
priority for managing the future health of
our groundwater systems.



1. Introduction

There has been a significant increase in the
extraction of groundwater resources for
consumptive use during the 1980s and 1990s

and into the 21st century. This has led to
increased awareness of the importance of
managing such resources to ensure their long
term sustainability. This awareness has been
sharpened by the drought over much of Australia
in recent years and is reflected in the attention to
groundwater in recent government water policy
statements.

Groundwater is a critical element of the dry
Australian environment. It supports a rich variety
of groundwater dependent ecosystems, provides
baseflows to river systems and underpins much
of Australia’s economic, cultural and social
development, especially in the arid zone that
covers most of inland Australia.

An important aspect of managing groundwater

is understanding how the resource is being
replenished or recharged.

Figure 1: Groundwater recharge in the water cycle

2. What is groundwater
recharge?

Groundwater recharge refers to the process
whereby water below the land surface is
replenished by either direct infiltration of

rainfall or by leakage from surface water bodies
like streams and lakes. The process involves
downward movement of water within the pore
spaces of soil or rock until the water table is
reached (the water table being the boundary
between unsaturated and saturated soil or rock).
Water within the saturated zone is referred to as
groundwater. (Figure 1).

As water moves from the surface through the
unsaturated zone a proportion will be lost to
evaporation, some will be taken up by plants
(evapotranspiration) and some will remain
within the unsaturated zone. These processes
determine a rainfall threshold above which
groundwater recharge can effectively occur.
Rainfall amounts below the recharge threshold
make little or no contribution to recharge.
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Groundwater recharge can be divided into two
main types: Diffuse recharge — recharge derived
from rainfall or irrigation that occurs over large
areas, and localised recharge — recharge from
rivers, lakes, wetlands and surface depressions.

The key factors controlling groundwater
recharge are:

e Climatic, the amount and intensity of rainfall
and evaporation,

¢ Soil and aquifer hydraulic properties,

¢ Type and amount of vegetation cover and
types of land use,

e Topography, in particular the slope of the land
surface

e The nature and geometry of aquifers in the
catchment

e Residual (or antecedent) soil moisture stored
in the soil profile from previous rainfall events

For a more comprehensive discussion of
groundwater systems, the links between surface
water and groundwater and groundwater
recharge, readers should consult the references
provided at the end of this publication.

3. Groundwater recharge
and water management

The amount of recharge occurring in an area
directly impacts the physical characteristics and
behaviour of groundwater and is an important
consideration in the management of both
groundwater and surface water.

The significance of each of the factors
controlling recharge will vary from site to

site and may vary over time as land use and
vegetation cover changes. The removal of
deep rooted perennials in favour of crops, or
plantation establishment in former pasture
country can have an impact on the volume of
water entering groundwater systems. It can be
important to manage land use to protect both
the quality and volume of water entering aquifer
systems.

On alonger time scale, changes in climate can
have a very significantimpact on groundwater
availability. Groundwater in some parts of the
Great Artesian Basin has been estimated to
have entered the aquifer more than a million

years ago. Indeed, itis likely that much of the
groundwater available throughout the arid zone
entered aquifers when the local climate was
different to what it is today. At the other end of
the time scale, shallow aquifers with porous
host materials can show a rapid response to
recharge events.

The link between groundwater and surface flows
has tended to be overlooked in Australia, with
very little attention being paid to the potential for
groundwater extraction to reduce surface water
availability.

Robust estimates of the amount of water
entering a groundwater system and the rate

at which the water is transmitted through the
aquifer are essential if over extraction is to be
avoided. The consequences of over-extraction
can include lower water tables and decreased
access to groundwater supplies, decreasing
environmental flows to groundwater dependent
ecosystems, movement of poor quality (saline)
water into the aquifer, the possibility of land
subsidence and a decline in the contribution of
groundwater to the baseflow of river systems.
Even if the total amount of groundwater

being pumped from an aquifer is less than the
recharge, there may be localized impacts if local
groundwater pumping exceed the rate at which
water can be transmitted through the aquifer.

4. How is groundwater
recharge calculated?

The rate at which groundwater is recharged is
influenced by many factors including the amount
of water available from rainfall or surface water
bodies, soil and aquifer hydraulic properties

and vegetation cover. Commonly diffuse
groundwater recharge has been estimated as a
percentage of average annual rainfall. Recent
science suggests that this may overestimate
recharge. In some circumstances, comparatively
high magnitude rainfall events are necessary
before any recharge can take place. Similarly,
vegetation cover, soil and aquifer hydraulic
properties have been shown to have an impact
on recharge potential.
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Methods for estimating recharge can be
grouped into three broad categories;

has been subject to evaporation near the

soil surface. These tracer techniques can be

subdivided into three sub-categories:

e Physical —involves both direct measurement
of water flux through the unsaturated zone 1. Applied tracers - applied at the soil
as well as indirect “residual” techniques that surface and transported by the downward
measure certain physical properties that can percolation of water eg. visible dye, Tritium,
be used to derive an estimate of recharge e.g. 2. Historical tracers —that are a result of
analysis of stream gauging data to determine human activity during a particular time period,
surface water gains or losses along a such as chlorofluorocarbons, or by-products
river reach, or the analysis of watertable of atmospheric atomic tests (Tritium and
fluctuations in response to rainfall events. Chlorine-36).

e Tracers —the chemicals presentin 3. Environmental tracers — naturally
groundwater can be used to track the occurring tracers such as chloride, a
movement of water, yielding information such relatively stable ion that occurs within rainfall.
as water residence time in the saturated zone
and the sources of recharge water. Rapidly * Numerical modelling —A model is used to
recharged groundwater from floods will have simulate the behaviour of groundwater. The
a different chemical fingerprint to water that reliability of modelled recharge estimates

TABLE 1 Methodologies for calculating groundwater recharge

Surface water
- Baseflow separation Catchment Seasonal Low Low Low
- Channel-water budget Catchment Minutes/hours, up to long term Low Medium Low
by summation of individual events
- Seepage meters Local Individual events to days Low Low Medium
Groundwater (Unsaturated zone)
- Lysimeters Local Minutes to years High High High
- Darcy's law Catchment Years to hundreds of years Low Low Low
- Chloride Mass Balance Local Decades to thousands of years High Medium Variable
- Isotopes Local to regional Seasonal to hundreds of years Medium Medium High
- Tracers (ie. isotopes or dyes) Local Months to years High High Medium
Groundwater (Saturated zone)
- Watertable fluctuation method Local Individual event to length of Low Low Variable
hydrographic record
- Chloride Mass Balance Local Years to hundreds of years Low Low Low to High
- Carbon 14 Local to regional 200 to 20 000 Medium Low High
- Isotopes Local Low Medium Med
- Tracers (ie. isotopes or dyes) Local Up to 50 years Low Low High
Numerical model
- Model Basin Seasonal High High Low

Notes: There are a large number of methods for estimating groundwater recharge. Any one of several of these methods could be equally valid for particular circumstances, depending on factors such as the data
available, the use for which the estimate is being made and the level of demand for the water resource in the aquifer. The assessment of cost, ease of use and reliability are a broad classification that will vary from
one circumstance to another.
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are highly depends upon the accuracy of

the model input parameters. Such models
require information on groundwater levels,
the hydraulic conductivity the soil or rock and
water flux measurements.

Choosing the appropriate method to estimate
recharge will depend on the local conditions
and objectives of any assessment. For example,
water resource assessments usually require
recharge estimates over large spatial and time
scales. An assessment of aquifer vulnerability to
contamination generally requires more detailed
information, both spatially and temporally.

Each method has a level of uncertainty, and
this uncertainty is often compounded by a lack
of knowledge about the aquifer. One way of
managing this uncertainty is to use more than
one method to generate several estimates of
recharge.

5. Climate impacts on
groundwater recharge

Recent studies (Box 2) show that, in some
Australian conditions, large rainfall events in
excess of the recharge threshold can dominate
groundwater recharge. A shift in climatic
conditions has the potential to change the
frequency and timing of recharge events altering
groundwater recharge regimes.

Predicted changes in rainfall due to climate
change indicate a likely decline in rainfall

over southern Australia. The projections also
indicate an increasing proportion of rain will

fall in intense events, complicating efforts to
understand what may happen to groundwater
supplies in the future. Understanding the impact
of climate change on groundwater recharge
requires an understanding of how the regularity
and magnitude of larger rainfall events changes,
as well as changes to average conditions.

6. Concluding comment

Groundwater recharge is a critical component of
the total water balance of a catchment. Changes
in the amount of groundwater recharge can
influence both water availability and quality.

In particular, the relationship between
groundwater recharge and rainfall is not a
simple one. Recent research by the Bureau of
Rural Sciences (Kellet et al, 2003) has highlighted
the important contribution relatively large rainfall
events can make to groundwater recharge.

The management timeframe for a groundwater
system recharged on a monthly or yearly basis
would be significantly less than a groundwater
system recharged in the order of years to tens of
years.

In many groundwater management areas the
assessments of available groundwater for
extraction areas are not supported by either
detailed studies of recharge or potential impact
of groundwater extraction on surface water
availability, especially in a variable climate, such
as that experienced in Australia.

The rate at which groundwater is recharged is
important in determining the sustainable rate at
which groundwater can be extracted. Achieving
a better understanding of the mechanisms that
control groundwater recharge is a crucial step
towards improving groundwater management.
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The intake beds of the Great Artesian Basin in Queensland form a continuous arc, between 50 — 100km
wide, stretching from east of Goondiwindi through to the top of Cape York, and are located on the
western slopes of the Great Dividing Range.

Recharge to the Great Artesian Basin is usually expressed as a percentage of average annual rainfall.
Estimates vary between 1% and 3% of total rainfall (Kellett et al. 2003).

An investigation carried out jointly between the Bureau of Rural Sciences and Queensland’s
Department of Natural Resources and Mines assessed the recharge mechanisms and the rate of
recharge. A combination of methods were employed. These included chloride mass balance (in the
unsaturated and saturated zones), monitoring bore water level fluctuations and isotope sampling
(stable isotope and Carbon-14) methods. Sampling was carried out within the Hutton and Hooray

aquifers of the Great Artesian Basin.

The investigation concluded that a high proportion of recharge occurred due to preferred pathway
flow with the most likely conduits being thin highly porous inter bed and bedding plane partings.
Recharge rates at 14 sites ranged from 0.5 — 28.2 mm/year.

Information derived from analysis
of stable isotope concentrations in
groundwater samples revealed a
monthly rainfall recharge threshold
of approximately 200mm/month
below which significant recharge
does not occur.

In addition, chloride mass balance
calculations revealed evidence

of localised recharge due to river
leakage, estimated in excess of
20mm/year along stretches of the
Maranoa, Warrego and Nive rivers.

Figure 2: Sampling drill cores to test for the
presence of tracer chemicals. QLD Great Artesian
Basin Intake beds

Box 1 Groundwater Recharge Assessment in the
Queensland Intake Beds of the Great Artesian Basin.
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Figure 3: Recharge fluxes in the Hooray and Hutton Sandstone
aquifers by Great Artesian Basin Management Zone
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Box 2 Use of Water Table Fluctuations to estimate recharge
in the Alstonville Plateau, north coast, New South Wales

One of the most commonly applied approaches to estimating recharge is the water table fluctuation
method, where measured watertable rises are correlated to recharge events (rainfall). The assumption
is made that any rises in groundwater levels are due to percolating waters reaching the watertable.
Recharge is equated to the volume of water stored in the incremental volume of aquifer defined by the
watertable rise.
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Figure 4: Shallow watertable response to rainfall events in a groundwater monitoring bore on the
Alstonville Plateau. The red line plots rainfall events, and the blue line shows the response in the
watertable.

The method was used to investigate recharge to the fractured basalt aquifer of the Alstonville Plateau,
located on the NSW north coast.

Figure 4 shows the rapid response of the shallow watertable to rainfall events, followed by a decline
from combined losses due to groundwater discharge to plateau streams, evapotranspiration and
groundwater pumping.

The analysis highlights the importance of large rainfall events for recharge. More than 25% of total
rainfall over a 16-year period can be attributed to only 16 events that exceeded 200mm. These sporadic
but large rainfall events provided about 38% of total recharge to the unconfined aquifer.

Recent climate change projections indicate a likely decline in rainfall over southern Australia.
These recent projections also indicate an increasing proportion of rain will fall in intense events,
complicating attempts to understand what may happen to groundwater supplies in the future.
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