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Executive Summary

This report aims to examine the archival history and ground conditions at a proposed construction site at Swansea Foreshore. The report will also advise upon possible risks at the location and provide recommendations for the contents of a site investigation whilst considering current legislation, regulations and codes of practice. A suitable foundation for the proposed building will also be recommended.
Terms of Reference
The principal focus is:

· To describe the history of the proposed site and area, from archival evidence and credible sources.
· To assess possible risks at the location. 
· To recommend, from applicable evidence, the contents of a suitable ground investigation.
· To propose, from all gathered evidence, a suitable foundation for the building.

The report was constrained by the information given and researched and the need to complete it by 17th November 2020.
It was also constrained by the limited information which could be gathered due to the ongoing COVID 19 Pandemic.
Procedure

This section identifies the research sources used.

The findings of this report included research form secondary parties including books, archives and online content. All outlined in the referencing list. University lectures and notes also provided background to the research.
History/Archives
WW2
On the 19th,20th & 21st of February 1941, Swansea was heavily bombed by the German Luftwaffe. A total of 230 people were killed and 397 injured. Also, 857 buildings were destroyed and over 11,000 properties damaged. Areas of Swansea’s landscape was decaminated (Johnes, 2016). There was also damge to a specific building within close proximity to the proposed site. Below is a photograph of the damage to the ‘J’ Shed at a location close to the proposed site.
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(Swansea Council, 2020)

This leaves the possibility of munitions and/or unexploded bombs being beneath the ground at the proposed site, along with soil contamination from these foreign objects.
Industry/Previous use of proposed site
During the 19th Century, Swansea was described as one of the cradles of the Industrial Revolution. It was a world centre for tinplate production, it smelted 90% of the world’s copper, and the town witnessed the creation of the now, much sought after, Swansea Porcelain.

As stated by Swansea Museum, “ Its status was achieved by development of its natural resources using both local knowledge and finance and by acting as a magnet to entrepreneurs from outside who recognised the town’s potential.
Swansea and its environs lay in a narrow valley rich in coal deposits; the river Tawe bisected the valley, which was navigable even to sea-going vessels” (Swansea Museum, 2020).
Naturally, this industrial action, productive as it is, can have harmful impacts on the local environment. Significantly, on the proposed site, the ground and soil.

From the 1870’s onwards, the proposed site and boundaries have been used for industry, housing and even hospitals. Below is a summary from 1870 to current day of what significant buildings, in terms of possible effect on the land, have laid on the proposed site and its periphery. The possible effects of these industries will be discussed in the recommendations.
· 1870 – Timber sawmill, housing, hotel and hospital (for contagious diseases). There is a tramway line running close to the site. Also, gas works and coal yard roughly 200m North East of site (see appendix 1.0).
· 1890 – Timber yard, sawmill, tramway and housing. Engine shed where hospital once stood. Gas works still in place (see appendix 1.1).
· 1910 – Canister works now sit at the centre of the proposed project. Sawmill, housing, engine shed, tramway and gas works still exist (see appendix 1.2).
· 1950 – Wagon repair works now sit at South side of project. No other significant change (see appendix 1.3).
· 1960 – No significant change (see appendix 1.4).
· Present day – This present day, the location and surrounding area consists of the Marriott Hotel, Swansea Civic Centre, carparks and cycle route. The gas works to the North of the site have since been replaced with a Tesco superstore (see below image). There is also a retaining wall at the South of the site with steps leading down to the beach.
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(Google, 2020)
Site Investigation - Preliminary Data
Topography

The general topography at the proposed site is fairly flat with a slight gradient at the South end of the site falling towards the beach. However, topography of the site rises where there is vegetation (see below photograph). The approximate level near the centre of the site is 8.6m AOD (Survey undertaken by Author on 02/11/20).
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(Photograph by Author, 2020)
Access/Egress

There will be access to the proposed site through both car parks, the Civic Centre and Marriott Hotel. These car parks can be accessed from the A4067. However, on the South side of the proposed project there is a cycle route, which is used by both cyclists and pedestrians alike (Digimap, 2020). Considerations will need to be made for the health and safety of these users.
Ecology

There is vegetation across the proposed site (see image under Topography). Trees and bushes surround the car park area. These will need to be checked and monitored for wildlife and certain species of plant before excavation or clearance takes place (e.g. Japanese Knotweed).
Flood Risk
The proposed site is next to Swansea Beach and the Tawe Basin. However, according to Natural Resources Wales (NRW), the possibility of a flood from the sea or river, in that particular area is low risk (Natural Resources Wales, 2020).
Nevertheless, NRW state that in certain areas of the proposed site, the possibility of flood from surface water or small watercourses is medium risk (see below map).
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(Natural Resources Wales, 2020)
Geological Data
Hydrogeology

According to the British Geological Survey (BGS), the character of the underlying strata at the proposed location, in terms of hydrogeology, is of moderately productive aquifer (see below map) 
(British Geological Survey, 2020).
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(British Geological Survey, 2020)
Surface Geology

According to the British Geological Survey (BGS), the bedrock formation at the proposed project location is “mudstone, siltstone and sandstone (see below map). Made up of coal-bearing mudstones/siltstones, with seatearths and minor sandstones” (British Geological Survey, 2020).
[image: image6.png]] Geology of Britain viewer

Geological

Survey “Trythe 3D version of the Geology of Bitsin viewer

Surface 3D Borehole (8 Earth
Geology Models Scans

Surface Geology,

Superficial oni
ey Map Key (close this window to activate map)
Bedrock and Superficial

HUGHES MEMBER - SANDSTONE B
‘SWANSEAMEMBER - MUDSTONE, SILTSTONE
Visible geology: g AND SANDSTONE
B IDEETD . 'SWANSEA MEMBER - SANDSTONE
LLYNFI MEMBER - MUDSTONE, SILTSTONE AND
'SANDSTONE
LLYNFI MEMBER - SANDSTONE
RHONDDA MEMBER - MUDSTONE, SILTSTONE
AND SANDSTONE
More on digital geology. & RHONDDA MEMBER - SANDSTONE
'SOUTH WALES UPPER COAL MEASURES

EORMATION - MUDSTONE  SILTSTONE AND
‘SANDSTONE
'SOUTH WALES MIDDLE COAL MEASURES
EORMATION - MUDSTONE  SILTSTONE AND
‘SANDSTONE
'SOUTH WALES LOWER COAL MEASURES
EORMATION - MUDSTONE  SILTSTONE AND
‘SANDSTONE
'SOUTH WALES LOWER COAL MEASURES
EORMATION - SANDSTONE





(British Geological Survey, 2020)
Historical Borehole logs

At the proposed project location, there have been previous boreholes drilled for investigation. The latest viewable log (see below) is from 1975 and was taken for the ground investigation of the proposed new County Hall. It was a drilled borehole (percussion and rotary) to a depth of 22.0m. The historical log illustrates that the conditions are quite poor, in terms of stability. Made ground makes up the first 4.95m of depth, followed by sand, sandy gravel, boulder clay and mudstone. This removes certain options regarding foundations, specifically shallow, which will be discussed in more detail in the recommendations section of this report.
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 (British Geological Survey, 2020)
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(British Geological Survey, 2020)
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(British Geological Survey, 2020)
Soil Texture

According to the United Kingdom Soil Observatory (see below map), the soil texture at the proposed project location is ‘Sand’ (UKSO, 2020).
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(UKSO, 2020)
Subsoil Grain size
The UKSO also characterise the subsoil grain size as ‘arenaceous’ (see below map), which would mean the subsoil consists of sand or a particle similar to sand (UKSO, 2020).
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(UKSO, 2020)

Exisiting underground services/utilities
Electricity

According to Western Power Distribution (WPD), there are live electricity cables in the vicinity of the proposed project (see below map). These include an 11kv cable along the North and East periphery of the project (Western Power Distribution, 2020). Street lighting cables are not apparent on WPD drawings, however, photographs taken at the site show street lighting columns (see below photograph).

Hence, trial pits will need to be dug for all chartered and unchartered services in order to confirm the location of these services, along with a full Ground Penetrating Radar Survey.
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(Western Power Distribution, 2020)
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Photograph showing street lighting apparatus at proposed project location.

(Photograph by Author, 2020)

Gas

According to Wales & West Utilities (WWU), there are low and intermediate pressure gas mains just outside the site boundaries (Wales & West Utilities, 2020). However, there are no pipelines directly on the proposed site (see below map).
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(Wales & West Utilities, 2020)

Telecommunications & Water/Drainage
Data on BT, Virgin Media and Welsh Water will be provided at a later date due to the fees. However, given the proposed project location lying between the Marriott Hotel and Swansea Civic Centre, there is a strong possibility of these services being within the vicinity of works.
Also, photographs taken at the proposed project location on 02/11/20 clearly show manhole covers and other frames in the vicinity of the works (see below photographs).
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Photograph showing suspected drainage manhole covers at proposed project location.

(Photograph by Author, 2020)
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Photograph showing unidentified service cover at proposed project location.

(Photograph by Author, 2020)
Risks/Recommendations
Risks
From the evidence gathered for this report, it seems the possible risks at the proposed site are:

i. Soil contamination – Contamination is, as defined by the Association of Geotechnical & Geoenvironmental Specialists, “The presence of a substance or agent, as a result of human activity, in, on, or under land, which has the potential to cause harm or cause pollution” (AGS, 2011).
From previous industry held at the site, such as the canister works, it is possible that the soil has become contaminated. As A. J. Harber and R. A. Forth state in an article on the subject, “Former iron and steel works sites are significant in terms of their size, number, degree of contamination, and their wide distribution in the United Kingdom. They are likely to have become chemically contaminated with a wide range of substances from the manufacture of iron and steel, and the many associated processes. Associated processes include coke-production, metal refining and finishing. Contamination by metals, inorganic and organic compounds, acids/alkalis and asbestos is common on such sites” (Harber, 2001).
Furthermore, given the sites previous industrial activity, there will be a possibility of discovering old foundations, pits, chambers, engine beds or underground storage facilities. These could present huge obstacles, in terms of both design and finance.
Discovery of asbestos is also a possibility.

ii. Live services – There is a strong possibility that services, specifically drainage and lighting, will be in the vicinity of our works and may interfere with investigations, earthworks and foundations.
iii. Ecology – Given the vegetation surrounding the site, there is a possibility of wildlife in the area, specifically birds. The official bird nesting season is from February through August, therefore, excavation and clearance in suspected nesting zones should be fulfilled outside of these months, if possible (The Arboricultural Association, 2018).
iv. Soil and subsoil texture at the site – As stated earlier in the report by UKSO, the soil at the proposed location is sandy. This can have important effects on not only the type of foundation, but also the technique in which the boreholes are drilled.
v. Weakening of retaining wall/steps at South of the site – There is a retaining wall at the South of the project with its foundation specification unknown.
vi. Groundwater ingress – water table inconclusive from evidence gathered.
vii. Mines/Shafts – From all research (BGS, West Glamorgan Archives, digimaps etc…), there is no clear evidence of mining at the location. However, it still needs to be treated as a possibility.
Recommendations

Considering the aforementioned possible risks and certain unknowns on the site, the recommendations in the site investigation are:

i. Locating of underground services – Prior to any trial pits/boreholes concerning ground conditions being performed, all underground services need to be visually located. A full Ground Penetrating Radar Survey shall be performed across site, therefore picking up chartered and unchartered services alike.

The location of services shall be sprayed up by the Site Engineer, along with the depth. Trial pits shall be conducted, whilst continuously C.A.T scanning the excavation and referring to the Statutory Undertakers drawings.
Once exposed, each service shall be surveyed for future reference.

ii. Soil Sampling/Testing – Due to the prospect of contamination of the lands soil and to determine its properties, sampling and testing will need to be undertaken:

·  A qualified and experienced soil scientist shall take soil samples across site by means of hand auger or trial pit, whilst recording details of each layer (colour, texture, drainage details etc…). The soils will also need to be further analysed to examine the representative contents such as organic matter/mineral content, pH level, potential contaminants etc …
Possible contamination should be examined in detail given the history of the site.

· Sieve Analysis should also be undertaken at a Laboratory. This will determine the particle size of the soil which will be clay, silt, sand or gravel. The below table is an example of how the particle size will be classified. Given the information provided by UKSO for the report, we can expect a sandy type of soil, therefore non-cohesive (UKSO, 2020).
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(Geolabs, 2020)

· The texture of the soil must also be tested as it will reveal much about the soil characteristics such as level of compaction, porosity and permeability. Generally, the more clay like a soil is, the more water it will retain through absorption and adsorption.

iii. Groundwater – From the evidence gathered, information on groundwater at the location is limited. In the historical borehole log, it does seem water was encountered at 5.7m depth (British Geological Survey, 2020), however, this is a little inconclusive. Therefore, this will need to be investigated.
This shall be conducted using piezometers. The measurements from the piezometer can then be taken to work out the piezometric level and hydraulic head, indicating the movement of groundwater in the area.
iv. Permeability – The permeability of the soil will also need to be analysed. This should be done by using one of the following techniques:
· Constant head permeability test

· Falling head permeability test (if rate of flow too slow in CHP test)

· Computation from particle size (once unveiled from sieve analysis)

v. Exploratory holes – Points at 10-30m intervals shall be set out by the Site Engineer from coordinates received. The type of drilling permitted (percussive, rotary etc…) will depend on initial findings in terms of services (some services may be subject to specific safeguarding, e.g. HP Gas mains), soil type and other discoveries (HSG47 and HSE AIS No 8).
The type of drilling used is crucial, as although rotary auger drilling can be rapid, CIRIA states that, “difficulties occur in cohesionless soils, which are unstable and therefore require casing. Disturbed sampling is unreliable, because soils from various depths can be mixed during transfer from the hole base to ground surface via the continuous auger blade” (CIRIA, 1983).
Note: Correct and suitable equipment and techniques shall always be used to uphold the quality of samples taken.
Guidance/Codes of practice

The below Codes of practice and guidance shall be referred to regarding this investigation. 
· BS 5930:2015

This is the C.O.P for ground investigation.
· BS 8004:2015

This is the C.O.P for foundations.
(Geotechnical Design, 2018)

· Site Investigation Manual 1983 – CIRIA

This manual gives detailed, technical advice on the planning and scope of site investigation.

(CIRIA, 1983)
Foundation

From all information known at this present time, the recommended foundation for the proposed building will be piles. The exploratory holes recommended in the site investigation will reveal more accurate and up to date information as to whether these are to be friction or end bearing. Nevertheless, based on the historical borehole log the piles will need to be driven to a minimum depth of 8.4m, thus allowing for embedment. This will ensure the piles bypass the sandier, unstable layers and the load of the building can be transferred through to the stiff, cohesive boulder clay. As it is very difficult to ensure the piles are absolutely vertical, a pile cap will also be used to compensate for any deviation and provide extra stability (Designing Buildings, 2020).
However, the piles for the adjacent County Hall building went to a depth of 10m below the level of clay and peat (West Glamorgan County Council, 1976). Even though the Hall is a much larger structure, it is possible the foundation for the proposed building will need to be deeper.
More will become apparent once new exploratory holes are performed.

Below is a preliminary sketch for the pile foundations, taking information from the historical borehole log. Again, this may be altered if necessary when more information on the strata and its load bearing capacities are unveiled.
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Appendices

1.0
Map from 1870 over proposed project area.
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(Digimaps, 2020)
1.1
Map from 1890 over proposed project area.
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(Digimaps, 2020)

1.2

Map from 1910 over proposed project area.
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(Digimaps, 2020)
1.3
Map from 1950 over proposed project area.
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(Digimaps, 2020)
1.4
Map from 1960 over proposed project area.
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(Digimaps, 2020)
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