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Further information:

www.connectedwaters.unsw.edu.au

Updated almost weekly!

General news & articles

Fact sheets

Research updates

Poster downloads 

Publication lists

Journal abstracts

Team & alumni 

Outline
Background
The Maules Creek project

- Hydrographs
- Hydrogeology
- Stable Isotopes
- Heat tracing
- Stream bed chemistry
- Stygofauna
- Modelling the bigger picture
- Climate data
- Resistivity tomography
- Deep drainage & mini-lysimeters
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Background

Allocation of water resources

• Groundwater and surface water 
allocated independently

→ Overallocation of the resource

• Confilcts between users

• Impacts on river flow

• Impacts on the aquatic environment
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High groundwater levels (winter) 
and/or low stream flow

High stream flow due to flooding 
or dam releases

Groundwater extraction
Winter et al. 1998

Surface water - groundwater 
Interactions: The basics

Change in time:
- location
- direction
- magnitude 

Drawdown, ∆s ~ 2 m

Total saturated thickness ~ 50 m

Relative decrease in 
saturated thickness ~ 4%

Potential implications for stream flow
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How do we measure surface water 
groundwater interactions ?

• Hydrograph analysis 
– Analysing changes in stream flow

• Physical methods 
– Hydrogeological methods
– Heat

• Hydrochemical methods & tracers
– Natural water chemistry
– Injected tracers

Hydrogeologic investigations
- Stream and groundwater level measurements

Winter et al. 1998
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River deposits - are complex

Freeze and Cherry 1979

Hydrometric measurements
- Problem of connectivity

Winter et al. 1998

X
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Project aims
• Study dynamics of surface water groundwater 

exchange in a catchment with extensive 
groundwater abstraction and irrigation

• Develop tools and methodologies for mapping 
and quantifying the water exchange

→ Experimental work in a small catchment on 
the Namoi River, NSW

Study 
catchment
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Groundwater 
extraction zone

Zone of perennial
pools

Maules Creek
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Stream flow loss: Namoi River
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Hydrograph GW030233
away from streams
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Heads
Maules Creek transect
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Field site at the Namoi River
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Stable isotopes of surface and 
groundwater and 
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Stable isotopes of surface and 
groundwater in the Namoi Valley

Sampling sites
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Maules
Creek 

catchment

Groundwater 
extraction zone
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Natural flow/winter 

Observation
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Regional

groundwater 
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Multilevel 
groundwater 
sampler

Depth profiles f 
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Use of heat transport 
for studying surface 
water groundwater 
interactions
Source: USGS Fact Sheet 2004-3010

18.1

13.4

11.5

16.4

16.0
17.4

11.5

2

21.2

20.8
20.6

21.9

21.4

21.7

20.1

19.9

20.6
20.6

21.9

20.4

20.9

21.5

21.6

18.6

20.8

20.9

20.0

21.1

20.7

Maules Creek

2000 m

Heat as a tracer
Temp. upper aquifer (<30 m) and surface water August



24

Field example Maules Creek, NSW
Using streambed temperature profiles

Groundwater 
extraction zone

Zone of perennial
pools

Maules Creek

H
o

rs
ea

rm
 C

re
ek

M
id

dl
e 

C
re

ekN
am

o
i R

iver

N
am

oi R
iver

Groundwater 
extraction zone

Zone of perennial
pools

Maules Creek

H
o

rs
ea

rm
 C

re
ek

M
id

dl
e 

C
re

ekN
am

o
i R

iver

N
am

oi R
iver

Data requirements



25

Temperature array construction

Gabriel Rau

Field installation
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Numerical solution to heat flow
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Some results
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Conceptual model 
for surface water groundwater interactions

?

Streambed chemistry
and stygofauna sampling
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Sampling sites
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Redox-processes 
related to reactive organic matter in the stream

O2 + CH2O → CO2 + H2O

4FeOOH(s) + CH2O + H2O
→ 4Fe2+ + HCO3

- + 7OH-

4NO3
- + 5CH2O →

2N2 + 4HCO3
- + CO2 + 3H2O

Oxygen reduction:

Nitrate reduction:

Iron oxide reduction:

Stygofauna from the region
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Modeling and data
integration

Geological 
surface 

modelling

METHODOLOGY

Geological map

SOURCE

GIS

EARTHVISION

DEM

Government CD Datasets  
(PINNEENA and RAINMAN)

Groundwater, Rain and Stream Data

geological map

Export geologic 
units

Topography 
maps of locations

Position point data

Topographic 
surface 

modelling

Borehole
attributes

Convert to point 
dataset with 
attributes 

Data selection, 
reinterpretation 
and validation

Data Coordination

DATABASE
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EARTHVISION

METHODOLOGY

3D GEOLOGICAL MODELLING

Geological 
surface 
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Topographic 
surface 
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Borehole
attributes
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MAULES CREEK BORE LITHOLOGY ANALYSIS
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3D GEOLOGICAL MODEL

(3D structural model of colluvium, alluvium and rock)

3 sand-gravel
2 silt-loam
1 clay
0 topsoil

3D LITHOLOGY MODEL – MAULES CREEK

PROPERTY MODELS
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NAMOI RIVER PALEOCHANNEL

Z contour (m)

View various properties in sections 
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Catchment processes
and irrigated farming

?

?
Bedrock

Clay

Sand & gravel
Clay

Sand & gravel

?

Conclusions
• Groundwater abstraction seems to cause long term 

decreasing water levels in the aquifer.
• Groundwater abstraction appears to enhance 

recharge from rivers and streams.
• The location of exchange is largely controlled by 

variations in the geology and the location of 
abstraction.

• Changes in flow regimes from gaining to loosing may 
have impacts on water quality and in turn on 
streambed ecology.

• Direction of flow and sources of water can sucessfully 
be determined by: 
– Streambed temperature profiles 
– Hydrogeology 
– Chemical tracers (stable isotopes)

• In the time to come a big challenge will be to quantify 
processes on catchment scale.
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Conduction and convection of heat
Rate of change Conduction Convection (flow)

T is temperature which varies with time (t)  
and depth (z),

κε is effective thermal diffusivity,
Φ is porosity,
vf is vertical fluid velocity,
ρf is fluid density,
cf is heat capacity of the fluid
ρ is density of the saturated sediment-fluid 

system and
c is the heat capacity of the sediment-fluid

system.
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Numerical solution to heat flow
Approach 1: Forward modelling. Procedure:

• calculate temperature variations at a given depth using measured surface 
temperature and a water flow velocity 

• compare to the observed temperature at that depth
• change water flow velocity til best fit is obtained
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Numerical solution to heat flow
Approach 3: 2/3-D numerical modelling of water flow and heat conduction 
and convection
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Hydrochemistry – Maules Creek
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Hydrochemistry – Northern transect
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Hydrochemical
and

Tracer methods

Winter et al. 1998

Heat


