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1.0 Executive Summary
University of Wales Trinity Saint David is about to enter a new stage of its campus development. This will be known as the ‘Innovation Matrix’ which will be built with a two-storey steel frame with a floor space of approximately 3,200 m2. 
This report will be compiled from the perspective of a junior construction professional who has been requested to initiate a preliminary study that will inform a full site investigation.

[bookmark: _Toc121334223]2.0 Terms of reference 

The principal focus is of this report is:  
· To describe the historical background of the docklands site and local area via a preliminary desktop study.
· Draw upon archival material available in written archive and via internet searches.
· Provide recommendations for the for the contents of a detailed site investigation. 











3.0 Findings
The Prince of Wales Dock located near to the city centre will be renovated as part of Swansea's showpiece project, the SA1 Waterfront. This showpiece project around 40 hectares (100 acres) of land in the redevelopment area will be the host of a thriving and sustainable community and will include mixed-use developments that include commercial, residential, and business space. This site is serviced with good road links, in addition to access to a level site free from obstruction (Swansea Council, 2022).
University of Wales Trinity Saint David (UWTSD) has purchased considerable portions of the remaining development land in the SA1 Waterfront area as a significant component of the University's multi-million-pound investment in Swansea. The master plan contains recommendations for the establishment of specially designed areas for social, leisure, and larger recreational activities as well as learning, teaching, and practical research. (Gov, Wales, 2016).

[image: A picture containing text
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Figure 1: Location of phase two of UTWSD future vision: The Innovation Matrix (Gov, Wales, 2016).

[image: ]
Figure 2: Location of phase two of UTWSD future vision: The Innovation Matrix (Gov, Wales, 2016).

Site History
The proposed site of the new building was originally known as Fabian Bay. This site is recorded on an Ordnance Survey map of 1877, as an oyster bed of mainly mud (Figure 3).  
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Figure 3: Ordnance Survey map from Swansea Archive.
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Description automatically generated]Swansea saw significant population growth in the 18th Century with the start of serious coal extraction in the region. The docks evolved as the primary conduits for coal export and ore import. The Lower Swansea valley’s growing smelting industries were fuelled by coal. Ordnance Survey map of 1899 show the appearance of The Prince of Wales dock. A channel with lock gates and swing bridge connects the dock and tidal basin, (Figure 4 Ordnance Survey map from Swansea Archive).

[bookmark: _Hlk121934456]The waterway from the Prince of Wales dock to the tidal basin had been backfilled with unidentified materials by 1948, according to Ordnance Survey maps. The backfill materials used comprised of construction and demolition debris, home refuse, industrial, and excavation waste which are typical fill materials. Currently there are no visible surface indication of the size of the backfilled vacuum in rehabilitated quarries and pits that have either been landscaped or built on. Relatively few examples of artificial excavations that have been infilled can be found in the research region. The Swansea canal was filled with waste from the Morfa Copper works . 
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Description automatically generated]Figure 5: Ordnance Survey map from Swansea Archive 
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Figure 6: Distribution of Artificial deposits within the study area, with a Legend showing examples of the classification scheme. (Waters et al, 2016).
22 facilities along the Lower Swansea Valley smelted copper, lead, silver, arsenic, and zinc between the 18th and 19th centuries. Early on, copper smelting dominated, with many of the operations situated in the bottom portion of the valley, close to the river Tawe. After 1880, the copper industry started to collapse, and zinc (spelter) took its place, with the majority of the operations located on the east side of the lower Swansea Valley. In the latter half of the 19th century, ten steel and tinplate enterprises were founded close to the river Tawe. These enterprises took over as the main industry in the Swansea region from 1928, whilst other ore processing facilities melted silver, lead, nickel with copper, cobalt for glass and paint colouring, and arsenic combined with copper, (Waters et al, 2016).
After the Second World War, the smelters saw extensive abandonment and degradation. In the latter decades of the 20th century, there was a huge plan to transform the lower Swansea Valley into a business and manufacturing Enterprise Park. The closing of these enterprises left behind polluted wastelands. The spread of possibly hazardous land use has been identified. The key categories listed in figure 6 were selected because they represent typical land uses that are possible sources of pollution in the project region. [image: A close-up of a document
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Figure 7: Table of possible pollutants (Waters et al, 2016).

Bedrock Geology
South Wales Middle Coal Measures Formation - Mudstone, siltstone, and sandstone. Sedimentary bedrock formed between 318 and 309.5 million years ago during the Carboniferous period, (BGS,2022).
Since bedrock has an impact on groundwater flow patterns and rates, research on it is essential. Lithology, the presence of joints, cracks, and fissures, and the presence of underground coal mines all have a significant impact on aquifer quality. The research area located in the southern part of the South Wales Coalfield and includes bedrock that is Westphalian (late Carboniferous) in age, (Waters et al, 2016).
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[bookmark: _Hlk121935679]Figure 8: British Geological Survey map bedrock geology across SA1 Waterfront, (BGS,2022).










Superficial deposits
Blown Sand - Sand. Sedimentary superficial deposit formed between 2.588 million years ago and the present during the Quaternary period.
[image: ]
Figure 9: British Geological Survey map superficial geology across SA1 Waterfront.

Studies of the Lower Swansea Valley's soil pollution revealed severely acidic soils (pH 4.5) and extremely high metal concentrations. In order to investigate spatial patterns of pollution and longer-term seasonal trends in heavy metal behaviour, the Natural Environment Research Council Urgent Project in the lower Swansea Valley, funded from 1999 to 2003, has provided analyses of soil, vegetation, water, and stream sediment from samples collected on a monthly basis. The information comprises samples of Fendrod Lake silt, seepage water, storm water, suspended sediment, and channel bed from the nearby Nant-y-Fendrod river system. 
Swansea, Neath and Port Talbot, and the Mumbles region of the Gower Peninsula were all included in the area, although the middle Crymlyn bog area was not. In order to offer fundamental information on planning, remediation, sources of probable pollutants, and potential environmental health hazards, the data was meant to provide information on the degree of contamination in an urban area.
Soil samples from the subsurface (300-450 mm) and the surface (0-150 mm) were also taken. The increased quantities of potentially hazardous elements (PHE) discovered in the top and subsoil reflect Swansea's industrial heritage.
Figure 11, gives some summary figures for a range of components investigated in the Urban geology of Swansea (0 – 150 mm) of the survey area. For comparison, the same components' median values across England and Wales, or global means, are also provided. 
The extensive range of major and trace elements present in the coal and ore materials that served as the raw materials for the metalliferous industries located within the study area is reflected in the median value obtained from the Swansea dataset exceeding the comparative median value for the majority of the analysed elements. The median values in soil samples obtained between 350 and 500 mm deep are comparable to those in the topsoil (Figure 11). It's rare to see metal concentrations this high at this level in the soil. As depth increases, elements concentrations in soils near contemporary metal smelters often exhibit a reduction in metal concentration, usually within the first 200–300 cm.
The amount depends on the metal, the length of time since deposition, and soil characteristics including texture and pH. The significant sorption capabilities of soil organic matter and clay minerals, which result in the retention of the majority of the metals in the top portion of the profile, are one factor contributing to increased metal contamination in the surface soil. However, several areas of Swansea have extremely acidic soils. The Docks, the River Neath valley, and the River Tawe valley are the three main industrial districts of the study area, and they typically have the largest concentrations of both components. The most cautious DEFRA Soil Guideline Value of As 20 mg kg-1 is exceeded by more than 90% of samples.
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Figure 10: Simplified natural superficial deposit map.
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Figure 11: Table of Summary statistics (n = 373) for total soil element concentrations in surface soils (0 – 150 mm) and profile soils (300 – 450 mm). All values in mg kg-1.


Mining Certificate

[image: A picture containing graphical user interface

Description automatically generated]On March 18, 2015, a non-residential Coal Authority Mining report for South Quay, Kings Road, Swansea was released, and it found no reason for alarm regarding mining operations there (Figure 12). 

Figure 12: Mining Report
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Figure 13 depicts an air raid that occurred in the Swansea neighbourhood of Ysgol Street on the evening of February 13, 1943, during World War 2. On evening of July 1st 1942, and into the early hours of the folliwng day, 10 pieces of unexploded ordnance weighing 240 pounds were discovered at Gelli Farm in Birchgrove, Swansea (Figure 14). Since the waterway between the Tidal Basin and the Prince of Wales Dock was backfilled before 1948, it is possible that the site contains UXO and other artefacts from this time period.
Figure 13: Extract from ROC log (Swansea archive).
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Figure 14: Report from Air Raid Warden (Swansea archive).


Site of Special Scientific Interest 
Crumlyn Burrows, one of the last surviving portions of the Swansea Bay shoreline that has not been altered by industrial development is the undeveloped salt marsh region south of Fabian Way and north Jersey Marine Beach, which has been designated a biological Site of Special Scientific Interest. The region has salt marsh, and sand dunes. A rare orchid, the Fen Orchid, Liparis loeselii, is also found in the burrows. The 400 hectares (1,000 acres) land was purchased by St. Modwen from BP in November 2009 and will be preserved as a safe vacation spot, (NPTCBC, 2018).

Borehole Data
Up until 18 metres, the drill data indicates inadequate soil quality for a foundation. Ash, sand, brick shale, and solid bricks make up the ground that is still there until the hole measures 4.95 metres. Gravel with traces of sandy clay are visible up to 7 metres, and at 7.95 metres there is a layer of deep brown sand with some gravel. The boulder clay is then described as being quite stiff at a depth of 11 metres, and it is 3.05 metres thick. At 18.60 m, grey mudstone is discovered, and drilling proceeds to 22 m. Data shows permalbility of the soil up until 7m would be good. (Figure 15,16 & 17).

[image: Scanned image of the borehole log]






Figure 15: Borehole for Paxton St, Swansea (Provided as part of lecture notes).

[image: Scanned image of the borehole log]
Figure 16: Borehole for Paxton St, Swansea (Provided as part of lecture notes).



[image: Scanned image of the borehole log]
Figure 17: Borehole for Paxton St, Swansea (Provided as part of lecture notes).

Future Site Evaluation
It would be advised to drill site evaluation holes every 20m along a 1.5 x foundation width. Mudstone has been discovered in previous boreholes at a depth of 18 metres, thus a depth of at least 21 metres would be prudent. Due to the presence of sandstone in the area, probes would be required at the base of each column to look for voids in the bedrock.

Foundation Type
A deep foundation with an end bearing pile would suit this soil type the majority of their carrying capacity comes from the soil's ability to resist penetration at the pile's end. These piles transfer their weight onto a solid stratum or bedrock that is situated at a significant depth below the base of the structure.
Since the pile operates like a typical column, that is how it should be constructed. A pile won't buckle even in poor soil; therefore, this impact only needs to be considered if any of the pile is exposed to voids, (Construction Wiki, 2022).
To decrease the effect that a driven pile would have on the neighbourhood, bored cast piles should be used. Concrete can be poured into the hole left by an auger to create piles. When the ground is unstable, like with gravel, a casing or bentonite slurry can provide temporary support. Alternately, the casing might be permanently inserted into a borehole as it was progressed. Using an auger that rotates into the granular soil to insert grout or concrete results in a grouted column of soil, which is a distinct approach that is basically non-displacement, (Abebe & Smith, 2019).
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Figure 18: Stages of bored cast pile (Constuctor,2020).



Conclusion
Swansea expanded in reaction to its importance in metal smelting on a worldwide scale. The demise of this business in the latter decades of the 20th century left behind piles of potentially dangerous waste, polluted groundwater, and waterways. Evaluation of potential environmental dangers are necessary for the area's redevelopment.
Due to the questionable quality of the backfill materials employed to level the ground some 80 years ago, the construction site is not without its difficulties. Further ground studies shall adhere to the BS 5930:2015 Code of Practice for Ground Investigations, and the foundation and piling operation should adhere to the BS 8004:2015 Code of Practice for Foundations.
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