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Introduction

Australia is in the process of a once-in-a-generation transition towards renewable energy sources. The
Australian Government, along with the individual states and territories, has made a firm commitment to drive
Australia’s transition to net zero. This historic transition entails the retirement of aging fossil fuel generators
and their replacement with decentralised renewable energy infrastructure, primarily comprised of solar and
wind farms. These renewable energy sources are supported by battery energy storage systems and other
long-duration storage solutions, such as Pumped Hydro.

As part of this transition, icubed consulting has contributed to the design of approximately 8GW of
constructed energy projects, with a focus on the civil and structural engineering requirements for wind
energy. Stabilisation techniques have played a crucial role in optimising project outcomes across various
applications, geologies, topographies, enhancing the performance of existing subgrade and pavement
materials while reducing the reliance on imported pavement materials. These techniques are seen as integral
to meeting project time and cost ambitions where natural resources are unable to achieve the project design
criteria, economically. They are a frequent inclusion in early project studies completed by icubed for the
many gigawatt scale projects currently under consideration.

This paper presents a series of case studies documenting the application of stabilisation across different
projects, including access track and hardstand subgrade stabilisation, as well as ground improvement for
wind turbine generator foundations. Additionally, the paper highlights the emerging challenges faced by civil
linear infrastructures and proposes stabilisation techniques to mitigate environmental and social impacts
while ensuring safe and efficient project execution.

1 Wind Farm Infrastructure and Pavement Design Considerations

Wind farms generate electricity using wind turbines that convert kinetic energy from the wind into electrical
energy. This clean energy source significantly reduces greenhouse gas emissions and combats climate
change by providing a sustainable alternative to traditional power plants that burn coal, oil, or natural gas.

The civil engineering components required to connect individual wind turbines within a wind farm are
extensive and multifaceted. These components include the construction of access tracks to facilitate
transportation and movement across the site, as well as hardstands that provide stable surfaces for crane
operations during turbine installation. Additionally, laydown areas are necessary for the storage and
assembly of wind turbine components before they are erected. As well as bench facilities for substations and
switching stations, which are crucial for transforming and transmitting the generated electricity to the power
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grid. Office spaces are essential for housing operational staff and general laydown areas are necessary for
storing general civil and electrical engineering equipment and for use as Batch Plants.

1.1 Turbine Siting

Siting, or the process of selecting locations for wind turbines, is crucial for optimising their efficiency and
effectiveness in generating energy. Ideal sites are typically at higher elevations where wind speeds are
generally stronger and more consistent. Elevated locations capitalise on the natural increase in wind speed
with altitude, owing to reduced surface friction. Furthermore, these sites often have fewer obstructions that
can disrupt wind flow, such as trees.

The spacing of wind turbines is critical to ensure minimal wake losses during operation. Wake losses occur
when the wind passing through a turbine creates a turbulent, lower-energy wind flow behind it, reducing the
efficiency of downstream turbines. Adequate spacing ensures each turbine operates at maximum efficiency.

1.2 Pavement Design

Typical pavement design in Australia involves an assessment of the cyclical loading of traffic and the
underlying subgrade strength to design an appropriate pavement thickness. This process begins by
evaluating the expected traffic loads, considering the frequency and weight of vehicles that will use the
pavement over its intended lifespan. Simultaneously, engineers analyse the subgrade strength of the natural
surface. By integrating these two critical factors—traffic loading and subgrade conditions—engineers can
calculate the necessary thickness and composition of the pavement layers to ensure durability, stability, and
longevity.

Figure 1 compares the ESA (Equivalent Standard Axle) generation between a lower-order public road and a
main access track on a wind farm. While lower-order road ESA’s rise year on year due to compounding
growth rates, the difference between loads in any given year is minimal. Conversely, a wind farm's traffic
loading is heavily concentrated in the construction phase. During this time, pavements are subjected to a
high volume of heavy vehicles, including Oversize Overmass (OSOM) vehicles transporting turbine
components, the crane fleet necessary for turbine installation and the heavy vehicles required to deliver
materials, aggregates and construct the civil and electrical project components. During the operational
phase, traffic loading is considerably reduced, typically limited to four-wheel drives and service vehicles used
for routine maintenance and inspections.

Road vs Wind Farm ESA Generation
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Figure 1 Road vs Wind Farm ESA Generation

Due to the heavy traffic loads during construction and the prevalence of unsealed pavements, wind farm
pavement designs are typically undertaken using strength-based assessments. These assessments ensure
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the pavements can support the heaviest axle loads and the highest tyre pressures exerted by construction
vehicles, particularly the crane fleet. See Figure 2, Figure 3, and Figure 4 below for examples of construction
phase vehicles.

Figure 2 Crawler Crane, Source icubed, Taralga Wind Farm 2014

Figure 3 Blade Trailer Delivery Vehicle, Source, icubed, Collector Wind Farm 2020
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Figure 4 Transformer Delivery Vehicle, Source, Zenviron, Rye Park Wind Farm, 2022

The longevity of pavements supporting these heavy loads is ensured through routine maintenance
operations. While stabilisation activities are not exclusively limited to any particular layer of pavement, they
are often better suited to the subgrade and subbase layers for unsealed pavements. This is due to the nature
of routine maintenance activities, which focus on the wearing course, such as patrol grading and gravel
resheeting. By enhancing the foundational strength through stabilisation of the subgrade and subbase, the
subgrade and lower pavement layers remain durable and reliable, even as the wearing course layers
undergo regular maintenance. These practices are essential to preserving the pavement's structural integrity
and ensuring safe and efficient access in challenging terrains.

2 Case Study 1 — Berrybank Wind Farm Stage 2

Berrybank Wind Farm, located in Western Victoria, was a project site containing 26 WTGs and approximately
20 km of internal access track.

Figure 5 Berrybank Wind Farm, Source, icubed 2021
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The area was characterised by thick layers of residual soil with weak bearing conditions. Additionally, the flat
topography and wet climate exacerbated these issues, resulting in founding conditions that were weak and
saturated making it difficult to support heavy construction loads, see Figure 6.
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Figure 6 Berrybank Wind Farm, Source, icubed 2021

Compounding the sites challenges, the nearest hard rock quarry suitable for supplying the required
pavement materials was located over 100 kilometres away. This distance posed a substantial challenge for
haulage, as the local roads between the quarry and project site were not designed to support such a heavy,
concentrated freight traffic.

To mitigate these challenges and reduce the quantity of pavement materials, several subgrade improvement
options were evaluated, including chemical stabilisation techniques and geotextile reinforcement. An Early
Contractor Involvement (ECI) process was initiated with local subcontractors to assess their capability to
enhance the subgrade in the most efficient way possible. After thorough consideration, chemical subgrade
stabilisation was adopted as the preferred solution.

The initial pavement design proposed was a typical unbound pavement that would have variable thickness
based on the subgrade strength. Figure 7 shows the pavement thicknesses required for various subgrade
strengths encountered across the site.
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PAVEMENT THICKNESS ASSESSMENT - Tracks and Hardstands

Figure 7 Pavement Assessment Report, Source, icubed, 2021

To achieve suitable subgrade strengths, the adopted pavement solution utilised a lime-stabilised subgrade,
typically with 3% lime. As a result of the chemical stabilisation and subgrade strength gain, the access tracks

Cu Pavement Thickness Required (mm) (Considering Imported Crushed Rock and
(kPa) Stabilised Subgrade)
Access Tracks WTG Hardstands - Load 250kPa
<60 Consult Geotechnical Engineer for Consult Geotechnical Engineer for
Advice Advice
60 500 Consult Geotechnical Engineer for
Advice
80 300 600
100 200 300
120 200 200"
120 - 200 200*
200
Notes:

Based on Crane outrigger pad 2.4m x 6m or Tracked crane track 1.5m x 10m
Pavement material ¢ = 40, v = 20kN/m?
The above assessments are based on bog mats, outriggers or fracks being set up on level ground,
1.5m clear from the edges of the crane pads. If the loading is required in close proximity to a batter
slope or the edge of a crane pad, further advice should be sought from the geotechnical consultant.
Highlighted cell forms design basis
Pavement thickness considers the ground improvement of either compacted weathered rock sourced
from the foundation excavations or lime stabilised native clays/silts.
* Minimum pavement thickness agreed with all parties is 200mm.

were able to be overlayed with a consistent 200mm of pavement material.

Figure 8 Lime Application — Spreading for an access track, Source, icubed, 2020

From Ground Up - Stabilisations Impact on the Renewable Energy Transition_v3.docx

Page 6 of 15




3

1

icubed consulting

CR

Figure 10 Initial Compaction, Source, icubed, 2020

The adopted solution achieved a significant pavement material savings, approximately halving the final
imported pavement, saving around 45,000m?3 of material. This material saving resulted in 2,360 Truck and
Dog round trips being eliminated, removing a potential 1.8E04 ESA loads from the local road network.
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3 WTG Footing Design

Wind turbines are tall structures with heavy, rotating components that generate significant dynamic loads,
requiring stable foundations. A typical onshore wind turbine generator (WTG) footing consists of concrete
and steel reinforcement arranged in an octagonal geometry. The design process to finalise the dimensions,
geometry, sizes, and alignment of these footing elements is iterative, requiring multiple adjustments and
refinements. Central to this process is the geotechnical investigation, which is crucial for verifying the in-situ
geotechnical conditions at each proposed WTG location. These investigations ensure that the footing design
is tailored to the specific soil and rock properties encountered, thereby optimising the performance of the
wind turbine foundations and ensuring stability.

4 Case Study 2 - Lal Lal Wind Farm

Lal Lal Wind Farm, located in Western Victoria, was a project site containing 60 WTGs and approximately
32 km of internal access track.

The site was generally characterised by a thick layer of residual clayey soils with weak bearing conditions,
primarily from Quaternary and Tertiary age volcanics. The flat topography in the north of the site, combined
with a wet climate, resulted in several swampy areas with weak and saturated founding conditions.

While simplistic, the stronger the bearing capacity of the in-situ soil or rock, the smaller the WTG footing size
can be. This is because higher bearing capacity soils or rock can support greater loads with less settiement,
allowing for a more compact, efficient footing design. Conversely, weaker soils require larger footings to
distribute the load over a greater area ensuring that the weaker founding conditions can support the WTG
loads.

Figure 11 Footing Excavation, Lal Lal Wind Farm, Source, icubed 2019
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Lal Lal Wind Farm, Source, icubed 2019
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Figure 13 Turbine Footig,
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Figure 14 Concret our, Lal Lal Wind Farm, ource, cube 2019
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Figure 15 Partially Backfilled Footing, Kennedy Energy Park, Source, icubed 2018
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The construction methodology for excavating to foundation depth is crucial for successful project delivery
but is often overlooked in the design phase. In founding conditions where excavation can be easily
completed, construction is a simple process. However, in locations with hard rock, where digging or ripping
is difficult or impossible, the excavation process becomes more complex. If blasting is necessary, care must
be taken to avoid over-blasting, which can damage the founding materials, lead to over-excavation, or result
in fractured rock (Figure 16) which negates the benefits of a smaller footing.

Figure 16 Fractured Rock Excavation, Lal Lal WindFarm, ource, icubed 2019

Excavation requiring blasting often results in backfilling of the foundation. Pavement materials have typically
been used for this purpose as these materials are required for civil linear infrastructure and, generally are
readily available for use as backfill. However, these materials are difficult to place and compact in fractured
rock, resulting in inefficient, slow work processes.

During construction, efforts are made to prevent water from being channelled by the surrounding topography
and hardstand into the excavated footing, however this is not always feasible without extensive earthworks.
Consequently, if rain events occur during the excavation or backfilling process and the foundation becomes
saturated (Figure 17), the inundated foundation must be drained, and the placement and compaction of
pavement backfilling materials will need to be, retested and potentially reworked.
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Figure 17 Inundated
Blinding concrete is another backfilling option that offers both structural efficiency and a relatively simple
construction process. This approach is highly effective in reducing construction timelines, addressing
compaction challenges, and mitigating the impact of rain events on foundations. However, blinding concrete
is a costly solution, particularly when excessive blasting is utilised and significant quantities of blinding
concrete is required to backfill the over excavated foundation. Additionally, the remote locations of these
wind farm sites often restrict availability of aggregates and cement, which are primarily allocated for the WTG
footings themselves.

Cement Treated Base (CTB) is pavement material that has been improved by chemical stabilisation with
cement and provides an effective compromise between conventional pavement material and blinding
concrete for backfilling applications. It effectively addresses compaction and saturation challenges by
harnessing the strength-enhancing properties of cement while utilising more readily available pavement
materials. This solution not only mitigates construction complexities but also minimises resource scarcity
concerns, as CTB generally requires less cement than blinding concrete.
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) Stabilisation Future Opportunities
5.1 Potential for stabilisation in steep to very steep access track grades

As wind farm developments expand into increasingly steep and challenging terrain across Australia and New
Zealand, effective stabilisation techniques are becoming increasingly important. One of the key applications
of stabilisation in these environments is addressing the constraints posed by steep to very steep access
track grades, which can significantly impact construction, site access and overall project interconnectivity.

The primary objective of engineering treatments in these conditions is to improve vehicular traction and
construction safety. Decision regarding the use of sealing or binding on unsealed access tracks are typically
influences by financial considerations, safety requirements, and constructability constraints. Additionally, the
vehicular limitations of the OSOM and construction vehicle fleet play a crucial role in determining the
necessity of such treatments.

Current industry standards recommend stabilisation measures for access tracks with longitudinal slopes
ranging from 12% to 18%, such as the example shown in Figure 20.
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Figure 19 Pavemet Rutting On an Untreated Gentle Graded Access Track, Turitea Wind Farm, 2022

Figure 20 CB Treated Access Track Pavement Graded >15%, Turitea Wind Farm, 2022
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Surface improvement stabilisation techniques such as, CTB, emulsion bitumen, and spray seals have all
found adoption across Australia and New Zealand, yet all of these solutions face significant challenges in
maintaining their effectiveness over time. The damage inflicted by OSOM and construction vehicles
operating on steep grades reduces the suitability and durability of these treated surfaces. While the transport
loading on these pavements is concentrated during the construction phase, the broader project necessitates
access to the entire site over the project lifespan of 30 years. Both CTB and emulsion bitumen are susceptible
to environmental impact and degradation over time. Maintenance activities such as ripping, moisture
conditioning, resheeting, regrading, and recompacting often disrupt the bonds created by these treatments.
Consequently, increased maintenance efforts and financial resources are required by the project owner to
sustain these surfaces effectively.

5.2 Challenges and Maintenance

5.3 Impact of long haulage distances and local road conditions

Remote wind farms often present unique logistical challenges due to their distance from urban centres and
the difficulty of accessing these sites when utilising the lower order road network. By employing stabilisation
techniques to enhance the subgrade materials on-site, the need for importation of large quantities of
construction materials can be significantly reduced. This approach minimises the impact on the local road
network caused by heavy long-haul transport, shortens project timeframes by reducing logistical
complications, and can lower costs associated with material transportation. Consequently, the use of
stabilisation techniques not only enhances the sustainability and efficiency of wind farm construction but also
reduces the environmental and infrastructural strain on surrounding communities and local government road
assets.

6 Conclusion

In conclusion, stabilisation techniques have proven pivotal in optimising project outcomes across diverse
terrains and geologies, by enhancing the performance of subgrade materials, and reducing reliance on
imported pavement materials.

This paper has explored various case studies illustrating the application of stabilisation in wind farm
infrastructure, by addressing access track and hardstand subgrades, and by improving foundation
treatments for wind turbine generator footings. These examples highlight the importance of adapting to
challenging geographic and operational conditions to ensure safe and efficient project outcomes.

Future project sites will present the stabilisation industry with a unique opportunity to drive innovation, market
solutions, and implement treatments that can withstand heavy construction loads, while ensuring that
infrastructure remains resilient against environmental factors and maintains the stabilised properties through
subsequent maintenance activities. By advancing in this area, stakeholders can improve the long-term
durability and operational efficiency of infrastructure projects like wind farms, ensuring that treated surfaces
endure effectively over their entire operational lifespan. This innovation not only enhances the reliability of
the civil infrastructure, but also has the potential to reduce the overall maintenance burden and costs for
project developers and operators. Ultimately, these innovations will support Australia’s renewable energy
goals by delivering robust and sustainable engineering solutions.
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