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Earth & Space Science Curriculum Link:
Use models of energy flow between the geosphere, biosphere, hydrosphere and atmosphere to
explain patterns of global climate change.

Geomechanics Focus:

Understanding how water movement (hydrosphere), driven by climate processes, interacts with soil
and rock (geosphere), and how engineered landfill systems control groundwater flow to prevent
contamination.

Background Information

Energy from the Sun drives the water cycle, causing rainfall that infiltrates the ground and interacts
with soil and rocks. In landfill sites, rainwater can percolate through waste, forming contaminated
liquid called leachate, which can pollute groundwater if it is not properly managed.

Modern landfills are carefully engineered to contain waste and protect the environment. They use a
composite liner system, typically consisting of a low-permeability clay layer (or geosynthetic clay
liner) beneath a high-density polyethylene (HDPE) geomembrane (Figure 1 left). Above the lineris a
drainage system that collects leachate and transports it for treatment (Figure 1 right), preventing
contamination of surrounding soil and groundwater. Once the landfill is full, an engineered cap helps
reduce rainwater entering the landfill and controls landfill gas emissions (International
Geosynthetics Society, 2022). A cross section of a landfill is shown in figure 2.
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Figure 1 Left: A newly constructed landfill showing the engineered composite liner system. Modern landfill
liners typically include a low-permeability clay layer (or geosynthetic clay liner) beneath a high-density
polyethylene (HDPE) geomembrane to prevent contaminated leachate from entering surrounding soil and
groundwater; Right: Leachate pouring into collection system/pond with synthetic lining.
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Figure 2: Cross section of a solid waste landfill cell.

Geomechanics plays a key role in landfill design by helping engineers understand how water moves
through soil and rock, how liners and drainage systems perform, and how landfill slopes remain
stable over time. Poorly designed or managed landfill sites can become unstable, particularly when
saturated with water, and may fail catastrophically. This has led to deadly landslides in the past, such
as the Payatas dumpsite disaster in 2000 (figure 3).
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Figure 3: Payatas Dumpsite landslide, which killed 232 people. Photo by: Scott Merry.

Climate change can increase rainfall intensity, leading to greater leachate production and a higher
risk of groundwater contamination, as well as increasing the likelihood of slope instability at landfill
sites. At the same time, increasing waste production and limited availability of suitable landfill sites
are placing additional pressure on waste management systems. These challenges highlight the
importance of effective landfill design and waste engineering to protect the environment and ensure
waste can be managed safely and sustainably.

You can watch the demonstration video here.
A presentation for the following activity is provided in this teaching package.

Aim
To design and test a model landfill that minimises groundwater contamination by controlling

water flow through soil and waste materials.
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Materials
Per class or group (figure 4):

e Drill (teachers only)

e Clear plastic container or takeaway container

e Piece of cloth to line the container

e Alarge vase or tall plastic container

e Sand, gravel, and/or soil

e Clay or plastic liner (e.g. cling wrap)

e Sponge or paper towel (to represent waste)

e Food colouring (to represent
contamination/leachate)

e Water (in a small watering/sprinkling can)

e Cups or trays to collect drainage

e Optional: Straws or tubing (for drainage
systems) Figure 4: Materials

e Optional: Blu Tack

Safety Notes
e Clean up spills immediately (slip hazard).
e Wash hands after the activity.
e Soil must be handled safely — wash hands after touching.

Method
1. Before starting the experiment, make holes in one or two corners of the clear plastic
container for drainage. If you have tubing, the holes should be just large enough for the
tubing to fit. You can ensure the holes are leak-proof by sealing with Blu Tack (figure 5).

Figure 5: tubing inserted into holes in the
corners of the clear plastic container.

2. The clear plastic container should be elevated using a vase or tall plastic container. Line the
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base of the container with a piece of cloth to prevent sand from blocking the tubes (figure
6).

3. Place sand in a clear container, make a hollow and put waste material in it (sponge) to
represent a landfill. Drop food dye on the sponge to represent contamination (figure 7).

4. Sprinkle water over the landfill using a watering can. This represents heavy rainfall. Wait for
water to drain. (figure 8).

Figure 6: cloth lining the base of the Figure 7: Place sand in the container, ~Figure 8: Sprinkle water over the
container. make a hollow and put waste landfill using a watering can. This
material in it (sponge) to represent a  represents heavy rainfall. Wait for
landfill. Drop food dye on the sponge ~water to percolate through.
to represent contamination.

5. In groups, redesign the landfill to reduce contamination (e.g., figure 9). Add features such as:
e Aliner (clay and/or plastic liner)

e Aliner with leachate drainage (figure 9)
e A cover (cap) to reduce rain infiltration

Figure 9: Example landfill solution showing an impermeable
liner and drainage tubing to collect leachate before it can
contaminate groundwater.

6. Repeat the experiments and compare how effective the new design is at preventing
contamination.
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Results

Students record:
e Colour of water reaching the bottom (contamination level)
e Differences between initial and improved designs
e Effectiveness of different materials (e.g. permeable vs impermeable liners)

Discussion
1. How did water move through your landfill model?
Water infiltrated downward through the sand/soil due to gravity, moving more quickly
through coarse materials (like sand or gravel) and more slowly through finer materials (like
fine sand). In some cases, it carried contaminants (coloured water) with it, forming leachate.

2. Which materials were most effective at stopping contamination (coloured water)?
Clay and impermeable materials (like plastic liners) were most effective because they have
very low permeability, preventing water from passing through. Sand and gravel allowed
water to move more easily.

3. How does heavy rainfall affect landfill systems?
Rainfall increases the amount of water entering the landfill, which can produce more
leachate. This increases the risk of groundwater contamination if the landfill is not properly
designed to manage water flow.

4. Why is controlling groundwater contamination important for ecosystems and communities?
Contaminated groundwater can pollute drinking water supplies, harm plants and animals,
and damage ecosystems. It can also pose serious health risks to nearby communities.

5. How do engineers design landfills to manage water flow and protect the environment?
Engineers use multiple engineered layers that work together. A composite liner (clay or
geosynthetic clay liner beneath an HDPE geomembrane) prevents leachate escaping into the
ground. Above this, a gravel drainage layer and collection pipes remove leachate for
treatment. Once the landfill is full, an engineered cap reduces rainwater entering the landfill
and helps control landfill gas.

6. How might increased rainfall due to climate change affect landfill performance?
Increased rainfall can generate more leachate, increase pressure on containment systems,
and raise the risk of leaks or overflow. This makes effective design and water management
even more important.

7. Why do engineers use several layers instead of just one liner?
Different layers perform different jobs. Some stop contaminants moving into the ground,
while others collect leachate, protect the liner from damage and reduce water entering the
landfill.

Resourced by

ARTH AUSTRALIAN
ESTERN GEOMECHANICS

USTRALIA

SOCIETY ausearthed.com.au



AUSTRALIAN . .
EARTH Landfill Solutions

SCIENCE ;
EDUCATION Teacher Guide

Extension

Investigate how modern landfills use:
o Composite liner systems
o Leachate collection systems
o Final cover (capping) systems
e Landfill gas collection systemsCompare landfill design in dry vs wet climates.
e Add a slope to test how runoff and infiltration change.
e Research real-world landfill sites and environmental impacts.
e Contact your local landfill site to organise a tour.
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What Geomechanics Is and Why It Matters

Geomechanics is the study of how soil, rock, and Earth materials behave, forming a critical
foundation for the design and performance of modern infrastructure. It enables engineers and
planners to develop safe, efficient, and sustainable structures, such as buildings, tunnels, roads,
and dams, by providing accurate ground models and an understanding of how the ground
responds to natural and human-induced changes. Geomechanics also contributes to public
safety by helping identify and manage geohazards such as landslides, sinkholes, and ground
instability, supporting climate resilience, sustainable development, and the global energy
transition. Through proactive ground assessment and risk evaluation, geomechanics helps
prevent infrastructure failures, reduce project delays, and lower financial and social costs.
Careers in geomechanics span a wide range of roles, including field investigations, laboratory
testing, data analysis, and engineering design, with entry pathways commonly through geology,
civil engineering, and environmental science. Alternative routes, such as experience in
construction, surveying, or environmental monitoring, also provide effective foundations for
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moving into the field. Professionals develop skills in technical analysis, communication, critical
thinking, and multidisciplinary collaboration, supporting informed decision making across
infrastructure and environmental projects.
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Background
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Energy from the Sun drives the water cycle, causing rainfall that
infiltrates the ground and interacts with soil and rocks

In landfill sites, rainwater can percolate through waste, forming
contaminated liquid called leachate. Leachate can pollute groundwater
if not contained and may eventually get into river systems and

contaminate vital drinking water sources. /\!\
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Background

Geomechanics plays a key role in landfill
design by ensuring that soils and
engineered materials prevent
contamination from spreading.

Engineers also design systems to manage
water flow, gas build-up, and ground
stability.

Poorly designed or managed landfill sites
can become unstable, particularly when
saturated with water, and may fail
catastrophically.

This has led to deadly landslides in the past,
such as the Payatas dumpsite disaster in the
Philippines in the year 2000.




Aim

To design and test a model landfill that minimises groundwater contamination by
controlling water flow through soil and waste materials.

o o+ L
Empty new land(fill with plastic isolating layer, an engineered, multi-layered

foundation designed to isolate waste from the surrounding environment, specifically
groundwater and soil, to prevent contamination.
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Materials

Per class or group:

Drill (teachers only)

Clear plastic container or takeaway container
Piece of cloth to line the container

Large vase or tall plastic container

Sand, gravel or soil

Clay or plastic liner (e.g. cling wrap)

Sponge or paper towel (to represent waste)

Food colouring (to represent
contamination/leachate)

Water (in a small watering/sprinkling can)

Cups or trays to collect drainage

Optional: Straws or tubing (for drainage systems)
Optional: Blu Tack
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Make holes in one or two corners of the clear plastic container for drainage. If you have tubing, the holes should
be just large enough for the tubing to fit. You can ensure the holes are leak-proof by sealing with Blue Tack.
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1. The clear plastic container should be elevated
using a vase or tall plastic container. Line the
base of the container with a piece of cloth to
prevent sand from blocking the tubes.

2. Place sand in the container, make a hollow
and put waste material in it (sponge) to
represent a landfill. Drop food dye on the
sponge to represent contamination.

3. Sprinkle water over the landfill using a watering can.
This represents heavy rainfall. The water percolates
through the landfill and through the groundwater,
therefore contaminating the groundwater with
leachate from the landfill. Let’s look at solutions.



1. The first solution you may try is
using clay or plastic liners. Create an

impermeable layer to line the landfill |
and the surrounding area.

2. Drop food dye on the sponge to
represent contamination.

3. Sprinkle water over the landfill.

4. If the liner is totally impermeable, the
leachate should not drain out into the
groundwater. Next, lets add some
drainage
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Drill another hole in the centre of the container and add another piece of
tubing. This is our collection pipe for any rainwater and leachate to drain
out into a collection system. Any contaminated water in the landfill will be
diverted and the groundwater should remain clean. ausearthed.com.au
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1. Add the cloth to the bottom of the container
but make a hole for the tube in the centre.

2. Add the sand like usual but do not allow it to
cover the centre tube. When you add the clay
liner, ensure you build around the tube. Make
sure there are no gaps around the tube.

3. Add the landfill waste and food dye. Create the
rainfall and notice that the contamination goes into
the leachate collection system and the groundwater
remains clean.
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You may then choose to add an impermeable cap. You could also add some
tubes to the top of the cap to act as a gas collection system
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Cross Section of a solid waste landfill cell
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Discussion
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