


Contents
Fundamentals of construction technology	2
Introduction	2
Site History	2
Pre 1850	2
1850 - 1900	2
1900 - 1950	3
1950 - 2000	4
2000 – Present	5
Borehole Information	6
Summary of History	12
Detailed site investigation requirements	12
Ground Conditions and Soil Behaviour	12
Made Ground and Reclaimed fill.	13
The Groundwater and Tidal Behaviour	13
Contamination and Ground Gas Risk	13
Constraints and Environmental Considerations	13
Ground Investigation	13
Geotechnical Designs	14
Groundwater Conditions and Tidal Influence	14
Contamination and Ground Gas Risks	14
Foundation recommendation	16
Figures	17
References	18

[bookmark: _Toc228438794]Fundamentals of construction technology
[bookmark: _Toc228438795]Introduction
A desk‑based historical review is essential for understanding past land uses and identifying risks that may not be visible through site inspection.
[bookmark: _Toc228438796]Site History
[bookmark: _Toc228438797]Pre 1850
Around the 1850s, Swansea became a global centre for copper smelting, earning the name “Copperopolis.” Copper, zinc, lead, tin, and nickel smelting works were widespread, resulting in significant ground contamination from arsenic and sulphur (Newell, 1997) (Waters et al., n.d.). The foreshore at this time consisted of natural beach, marshland, and tidal flats. These deposits are typically soft, compressible, and high in organic content. They have long term implications for settlement and ground gas generation. This natural baseline is important because later industrial reclamation took place directly on these weak soils.
[bookmark: _Toc228438798]1850 - 1900
The construction of the South Dock in 1852 introduced large volumes of made ground including slag, rubble, ash, and dredged sediments. This fill created variable stiffness and increased differential settlement potential. Industrial expansion produced significant metal waste, creating high risks of arsenic, sulphur, and heavy metal contamination. These contaminants may pose risks to human health, controlled waters, and concrete durability, making targeted sampling essential (200 Years of Uncontrolled Pollution…, n.d.).
The Swansea & Mumbles Railway ran along the shoreline and introduced additional made ground, drainage channels, timber sleepers, iron rails, and embankments. These may remain buried and can obstruct piling, alter groundwater flow, or introduce localised contamination from coal ash, lubricants, and railway sleepers (Mumblesrailwaytrail.com, 2023) (Atkinson, 2022). Figure 1 shows the railway line along the Swansea foreshore. Figure 2 shows early shoreline development, including reclaimed areas formed from mixed fill materials. (Waters et al., n.d.).
[image: ]
Figure 1 – railway line along the Swansea foreshore.
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Figure 2 - map from between 1850-1900
[bookmark: _Toc228438799]1900 - 1950
Heavy industrial activity increased the depth and spread of contaminated soils. Studies of coastal erosion and tidal behaviour began, allowing comparison with modern data to understand shoreline change. Peak copper production resulted in elevated levels of ground contamination. This was largely ignored at the time due to the economic value that metal smelting brought to the area. It has since become a significant issue for construction because of its effects on ground conditions and material durability (200 Years of Uncontrolled Pollution…, n.d.).
Drainage systems constructed during this period helped reduce ground pollution. Shoreline hardening and reclamation altered natural ground profiles and created variable fill depths that influence foundation design. Buried structures such as culverts or foundations may remain and could obstruct piling or affect groundwater flow. Surveys to locate these features are essential before construction begins. Swansea Bay’s large tidal range continued to influence groundwater levels, and shoreline modifications altered natural drainage patterns, both of which remain relevant to modern geotechnical design.
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Figure 3 - map from between 1900-1950
[bookmark: _Toc228438800]1950 - 2000
Industrial activity reduced and modern planning practices began. Studies of land stability, sea defences, sewage, and drainage systems were completed as well as hydrology and structural conditions were also undertaken. These investigations marked the transition from industrial waterfront use to civic and leisure development. Much of the area was re‑engineered and reclaimed through structural enhancements.
Borehole records from this period show inconsistent ground conditions. Investigations in the Marina area typically show made ground overlying soft alluvial clays, with denser sands or till at greater depth. These remain key considerations for modern geotechnical design. An example of a borehole from the area can be seen in figure 8 (British Geological Survey, 2025).
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Figure 4 – map of borehole logs taken around the shoreline.
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Figure 5 - map from between 1950-2000
[bookmark: _Toc228438801]2000 – Present 
The waterfront has shifted further toward civic and leisure development. Urban Splash plans around 160 new homes and has been allocated £750m for long term regeneration over 20 years. This investment indicates confidence in redevelopment potential, although it does not confirm naturally favourable ground conditions (Youle, 2024) (Swansea, 2021). 
Large scale redevelopment shows the area can be engineered for major structures, but it highlights the importance of appropriate geotechnical design and coastal flood risk assessment.

[image: ]
Figure 6 – sketch showing new buildings and other changes proposed at the Civic Centre site.
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Figure 7 – shows the current foreshore from aerial view, 2021.
[bookmark: _Toc228438802]Borehole Information
Figure 9 shows a borehole log completed in the Swansea area, below in figure 8 is the simplified results: - 
	Depths
	Test type
	Description of Strata

	0 – 0.50
	P
	Made ground consisting of ashes

	0.50 – 1.50
	P
	Made ground consisting of loose, grey fine – medium sand

	1.50 – 2.55
	P
	Made ground consisting of grey sand with layers of soft sandy clay

	2.55 – 3.50
	P
	Made ground consisting of soft red – brown sand clay with brick shale

	3.50 – 4.95
	P
	Made ground consisting of dense bricks, ashes, sand, and clay

	4.95 – 7.00
	P
	Very dense brown sandy gravel with traces of sandy clay

	7.00 – 7.95
	P
	Very dense brown sand with some gravel

	7.95 – 11.00
	P
	Stiff grey – brown gravelly boulder clay

	11.00 – 18.60
	P (11.00 – 13.00)/ CP (14.00 – 18.60)
	Very stiff grey gravelly boulder clay

	18.60 – 22.00
	Open drilling
	Grey mudstone (Driller’s description)


Figure 8 – simplified table of borehole log
Test type legend.
P – standard penetration test
CP – standard penetration test, solid cone [image: Standard Penetration Test (SPT) for Foundation Design - Structville]
Figure 9 – shows a section view of a borehole being conducted. 
From the table above we see that 0 – 4.95m is mostly highly variable made ground, being comprised of ashes, sands, shale, brick fragments, and others. This is typical of urban or industrial fill and to be expected given the history of the area. due to the variability of the soil, there is the potential for differential settlement, as well as this, shallow foundations will also be unsuitable. In addition to these, the presence of industrial debris and ashes means that there is a possibility for contamination.
From 4.95 – 7.95 we can see the ground type shift to more natural granular deposits; this denser sand and gravel will have an increased load bearing capacity and reduced compressibility. This will be better for piled foundations and ground anchorage but there is the chance for groundwater given the location of the site.
At 7.95 – 18.60m the ground becomes boulder clay; this material will have high strength and stiffness with low permeability that will increase with depth. Given the characteristics of the material, the risk of contaminants is potentially lower, and the material will give good friction for pile shafts. However, due to the depth, excavation will become more difficult due to stiffness and chances for cobbles during drilling.
Finally at 18.60 – 22.00m the ground shifts to mudstone, due to this drilling was switched to open hole drilling. This depth will provide a strong pile end bearing stratum but will require heavier tools to efficiently excavate.
[image: Scanned image of the borehole log]
Figure 10 – shows borehole logs from Paxton Street Swansea
[image: Scanned image of the borehole log]
Figure 10.1 - shows borehole logs from Paxton Street Swansea
  [image: Scanned image of the borehole log]
Figure 10.2 - shows borehole logs from Paxton Street Swansea
[bookmark: _Toc228438803]Summary of History
The evolution of Swansea foreshore, from natural coastline to industrial centre and later reclaimed civic land, indicates a high likelihood of variable made ground, soft alluvial deposits, and potential contamination, this can all be seen in the borehole in figure 10. These historical alterations directly influence settlement behaviour, groundwater movement, potential contamination and will affect the feasibility of different foundation systems.
[bookmark: _Toc228438804]Detailed site investigation requirements
The site investigation should begin with a study of the area and its history. This helps identify previous land uses relevant to the proposed works for example this area has buried bricks that will affect the excavation and foundation of the building. Historical records can highlight industrial activity, land reclamation and made ground, all of which affect current ground conditions. Boreholes, geological and hydrological data provide early indications of the ground and can be compared with more recent studies to understand how the land has evolved, this evolution can be seen clearly from the figure 10 borehole. 
At this point, potential risks such as material durability, site viability and contamination should be fully investigated to understand long term impacts on this site it would be vital as contamination and groundwater could affect the lifespan and durability of the piles. All of these are particularly important given the evolution of this specific area.
Environmental constraints such as ecology, archaeology, protected species, and sensitive areas must be identified early because they can significantly affect site viability and design. After these limitations and potential factors are identified, a field investigation should be completed to determine ground characteristics and outline hazards that may arise during works.
The main risk areas that I believe should be focused on based on the site history are: -
· Ground Conditions and Soil Behaviour – due to previous uses of the area.
· Made Ground and Reclaimed Fill – due to the railway and development.
· Groundwater Conditions and Tidal Influence – due to the location
· Contamination and Ground Gas Risk – due to history of the area.

[bookmark: _Toc228438805]Ground Conditions and Soil Behaviour

Ground conditions should be evaluated thoroughly to determine drainage suitability, soil permeability, groundwater levels, and tidal influences. Chemical testing of soil and water should also be conducted to assess concrete durability and long-term performance (Alan Wood and Partners, 2026).

[bookmark: _Toc228438806]Made Ground and Reclaimed fill. 
Made ground presents significant issues if not accurately assessed because of its variable composition and unpredictable engineering properties. Understanding the composition, depth and location of rubble, slag and fill is essential so that effective countermeasures can be implemented to reduce risks such as cracking and settlement (Construction, 2025) (Bsigroup.com, 2020).

[bookmark: _Toc228438807]The Groundwater and Tidal Behaviour 
Groundwater and tidal behaviour can cause serious health and safety hazards. Flooding potential and wet working conditions require careful assessment. Poor dewatering can lead to excavation instability and must be evaluated for severity and likelihood (Standards-global.com, 2025) (Bsigroup.com, 2020).

[bookmark: _Toc228438808]Contamination and Ground Gas Risk 
Due to Swansea being an international smelting ground for metals as well as the need for several other added chemicals used in the smelting process means that the ground has a high probability of being contaminated. This makes it one of the most risk significant areas if it is in fact contaminated as it can lead to expensive issues to work around, high levels of contaminants such as sulphate or metal may also affect concrete durability and require protective design measures or protective barriers to prevent material erosion. (Bsigroup.com, 2026)

[bookmark: _Toc228438809]Constraints and Environmental Considerations 
There are building regulations and codes of practice that dictate how a job must be approached, some of these regulations and codes are: - 
[bookmark: _Toc228438810]Ground Investigation
· Building Regulations - Part A (Structure) 
· BS 5930 - Code of practice for ground investigations
· BS EN 1997 - 2 Ground investigation and testing

[bookmark: _Toc228438811]Geotechnical Designs
· Building Regulations - Part A (Structure)
· Eurocode 7 - (EN 1997‑1)
· BS 8004 – Foundations

[bookmark: _Toc228438812]Groundwater Conditions and Tidal Influence 
· Building Regulations - Part C (Site preparation and resistance to contaminants and moisture)
· Eurocode 7 - (EN 1997‑1)

[bookmark: _Toc228438813]Contamination and Ground Gas Risks 
· Building Regulations - Part C
· BS 10175 - Investigation of potentially contaminated sites
· BS 8485 - Design of protective measures for methane and carbon dioxide

The building regulations above were used to derive my recommendations for the site investigation based on severity and likelihood, these were gathered from looking at other projects that took place in similar situations such as Liverpool dock and canary wharf. From this we can analyse how they proceeded with the project and what was done during the research and site investigations phase, I then used this to identify key codes and regulations that would be relevant to this specific site.










	Local Authority 
	Contact details
	

	Swansea Planning
	planning@swansea.gov.uk
	01792 635701

	Swansea Building Control
	bcon@swansea.gov.uk
	01792 635636

	Highways (Swansea Council)
	01792 636000
	01792 636000

	Environmental Health
	01792 635600
	01792 635600

	SAB (SuDS)
	SAB@swansea.gov.uk
	01792 636000

	NRW
	enquiries@naturalresourceswales.gov.uk
	0300 065 3000

	Welsh Government (PEDW)
	PEDW.Casework@gov.wales
	0300 123 1590

	Welsh Water
	developer.services@dwrcymru.com
	0800 917 2652

	National Grid ED
	wpdnewsupplies@nationalgrid.co.uk
	0800 096 3080

	CADW
	cadw@gov.wales
	0300 025 6000

	Design Commission for Wales
	mail@dcfw.org · 029 2045 1964
	029 2045 1964



Figure 11 – table compiling the contact details for local authorities.
Local authorities will be involved with supporting the site, the heaviest involvement will be from Swansea council, planning, building control, environmental health, and coastal protection, this will cover most of the interactions needed but other bodies may be involved such as Welsh water, natural resources Wales and other utility providers. 
[bookmark: _Toc228438814]Foundation recommendation
Based on the preliminary observations, historical records and the available geotechnical data for the Swansea foreshore, the ground conditions beneath the proposed 2000m2 building are expected to comprise of highly variable made ground, soft alluvial deposits, with tidal influenced groundwater conditions and potential contamination from historic industrial and railway activity. 
All these factors indicate a high-risk settlement and make shallow foundations an unsuitable choice to achieve a reliable load bearing capacity or have long-term viability. For those reasons I suggest using a deep piled foundation, using a Continues flight auger (CFA) to accelerate the timeline for construction. (Keller, 2018) (Tebco Augers, 2024)


This method also allows the bypassing of the potential weak upper strata and allow the transfer of loads to the deeper and more dense soils while minimising excavation in wet or contaminated soils. This approach aligns with other similar projects taking place on made and soft alluvial grounds with high groundwater considerations. Specific sites such as the Liverpool dock which was built on made ground with soft alluvial soils as well as the canary wharf in London. (Keller, 2018) (Tebco Augers, 2024)


In summary, I would recommend using CFA for deep piles, this is to bypass the made ground and unstable grounds at higher levels of the soil. This is because CFA pours the concrete as the drilling is in progress 

[image: ]
Figure 12 – foundation drawings
[bookmark: _Toc228438815]Figures
Fig 1 - Rutland Street [Swansea] - Southend [Mumbles] | Register of Closed Railways
Fig 2 - Georeferenced Maps viewer - Map images - 1830-1880
Fig 3 - Georeferenced Maps viewer - Map images – 1900s
Fig 4 - GeoIndex - British Geological Survey
Fig 5 - Georeferenced Maps viewer - Map images - 1951-1975
Fig 6 - https://herald.wales/west-wales/swansea/ambitious-regeneration-plans-unveiled-for-swanseas-waterfront-and-six-other-key-sites/?utm_source=copilot.com
Fig 7 - Award-winning company appointed to lead £750m Swansea regeneration - Swansea
Fig 8 – Table of simplified borehole results
Fig 9 – Standard Penetration Test (SPT) for Foundation Design - Structville
Fig 10 - BGS ID: 370246 : BGS Reference: SS69SE345
Fig 11 – Contact details for local authorities
Fig 12 – Hand drawn sketch of suggested foundations
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