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INTRODUCTION
Consideration is being given to constructing a new restaurant and ice-cream parlour (with manager’s apartment) on Swansea foreshore between County Hall and the Marriot Hotel. The building, which is to share parts of the car park of both of the existing adjacent facilities, is to have a GIA (Gross Internal Area) at ground floor level of approximately 300 square metres. 
The building is to contain the restaurant, café bar, ice-cream parlour, kitchen, food-stores etc. At second floor level, there is to be a self-contained manager’s apartment and staff welfare facilities. This project is procured via a Design and Build contract. In connection with the proposed works, I was commissioned to carry out a ground investigation to include the following elements:
· Desk Study to identify site history and potential contaminative uses 
· Intrusive work to identify the ground sequence and geotechnical parameters 
· Provision of recommendations for foundation design and basement construction 
· Basement impact assessment [screening / scoping] 
· Contamination appraisal, risk assessment and conceptual model
This report reviews the desk study information, describes the investigation undertaken, gives a summary of the ground conditions encountered and then provides foundation design recommendations together with a basement impact assessment, an outline contamination assessment and conceptual model.

SITE DESCRIPTION
The site is located in a Commercial area of Maritime Quarter, Swansea SA1 3SN at approximately 51°36′48″N , 003°56′44″W, as shown on the Location Maps in Appendix A. The area comprise of being part of two (2) separate car parks adjacent to the West of Marriott Hotel and to the East of Swansea City & County Council building, and this is where the new restaurant and ice-cream parlour will be built. 


Appendix A
1
HISTORICAL BACKGROUND OF THE SITE AND SURROUNDING AREA
SITE HISTORY AND GEOLOGICAL/ENVIRONMENTAL INFORMATION
Digimap historical map pack and reports 
	Map Date
	The site
	Development/Features in surrounding area

	1890-1920
	The site is established with a Timber yard (see figure 1)
	· School about 185m North west
· A railway network is travelling from right to left of the site
· Saw mill about 140m North east
· Engine shed 130m west

	1910-1950
	The sit change from Timber yard to Conister works
(see figure 2)
	· Continued railway network is travelling from right to left of the site
· Engine shed located 130m West
· His majesty’s prison located  about 300m North west
· Several ruins shown [resulting from WW2] – nearest located about 30m W

	1960 
	No significant change
	No significant change

	1970
	The sit changed from Conister works to Ware houses(see figure 3)
	· The railway network is travelling from right to left of the site is dismantled
· His majesty’s prison located  about 300m North west remain
· Builders yard about 190m North west

	1990-present
	The sit changed from Ware houses to Car park
	· Hotel about 100m East
· County hall about 150m West
· Paxton street car park about 100m North


 An historical map and environmental database search was commissioned from Digimap to ascertain the site history/usage and surrounding land usage. An indication of the gradual development of the site over the years can be gained by a study of the historical maps [shown in Appendix B]. The following table contains a summary of the site development obtained from the source maps provided in the Digimap historical maps package.

The BGS Report includes information from a database of local activities encompassing a range of subjects related to land use, pollution, and geological/hydrological conditions. A summary of contaminative uses and other environmental issues covered by the desk study within the site and its immediate surroundings is presented below:
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Swansea foreshore 1890-1920 historic map figure 1
[image: historic_roam(2)]
                                                  Swansea foreshore 1910-1950 historic map figure 2
[image: historic_roam (3)]
Swansea foreshore 1970 historic map figure 3
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GEOLOGY
The geology of the area in its regional context is shown on British Geological Survey 1:50,000 scale plan Sheet 247. The site lies just within the southern part of the South Wales Swansea. 
Strata of Made ground consisting of comprising ashes with grey sand with layers of soft sandy clay, red brown sand clay with brick shole, very dense candy gravel with traces of sandy clay, very dense brown sand with some gravel and stiff grey brown gravelly boulder clay Alluvium in all of the immediate area. Alluvial Fan deposits and Glacial Sand and Gravel are also indicated in close proximity to the site. 
A conjectural fault (Morfa Fault) runs in a general north-west to south-east orientation, which down throws strata towards the north-east. This fault is seen to pass down through the central reaches of the site.

HYDROGEOLOGY AND HYDROLOGY
The groundwater vulnerability map provided by British Geological Survey map included in the Desk Study for the site indicates it is underlain by a minor aquifer of high permeability. The site bedrock aquifer designation is a Secondary A aquifer associated with the Hughes Member of the Upper sandy clay and gravel. The superficial aquifer designation is shown to be Secondary Made ground sand and clay.
Groundwater Vulnerability Flood maps produced by British Geological Survey map indicate the majority of the site has a potential for groundwater flooding to occur at the surface. In the North East corner of the site, flooding the property situated below ground level is indicated as a potential.
The nearest surface water features to the site are the Swansea beach which lie approximately 400m to the south of the site and the Tawe basin some 180m to the north-east of the site. 

RADON
According to the Public Health England UK Radon Affected Area maps, the site lies within an area of less than 1% radon potential zone. The British Geological Survey radon map Report received from the Landmark Information Group confirms the site is not within a radon affected area. 
Therefore, no Radon protection measures are necessary for the site area.
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POTENTIAL SOURCES OF CONTAMINATION
The site was once occupied by Timber yard, and later was occupied by canister works who dealt with aluminium and steel products, both of which were associated with above.
Based on the review of desk study information there are some potential for contamination sources to be present on the site as detailed below
-Contamination associated with Canister works: 
· Petroleum Range Hydrocarbons (TPH), Polycyclic Aromatic Hydrocarbons (PAH), Inorganic Heavy Metals, Volatile Organic Compounds (VOCs), Semi Volatile Organic Compounds (SVOCs), Acids, Asbestos and Polychlorinated Biphenyl’s (PCBs).
-Contamination associated with railway activities:
· Petroleum Range Hydrocarbons (TPH), Polycyclic Aromatic Hydrocarbons (PAH), Inorganic Heavy Metals and Asbestos.
The following potential off site sources of ground contamination have been identified:
-Contamination associated with railway lines and activities: 
· Petroleum Range Hydrocarbons (TPH), Polycyclic Aromatic Hydrocarbons (PAH), Inorganic Heavy Metals and Asbestos.
- Contamination associated with Engine shed
· Trichloroethylene (TCE), Carbon tetrachloride (CT), Methylene chloride, Perchloroethylene (PCE or PERC), Toluene, Xylene, Methyl ethyl ketone (MEK).
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GROUND INVESTIGATION
A ground investigation was carried using a Cable Percussion Rig with Open Hole Rotary Rig 200mm dia from 15m to 22m. The exploratory hole was positioned away from known services and the position was hand tool excavated in order to clear the location for buried services.
A borehole was installed with single installation with ground gas monitoring wells and fitted with a cover at surface level to allow for monitoring after the investigation.
Based on the desk study, the rationale for the positioning of the exploratory holes was to obtain general site coverage of the proposed building locations, confirm the presence of any clay layers and depth of dense sands and gravels across the site, further investigate contamination recorded on the site and to compliment previous ground investigation on the site.
Groundwater sampling was carried out using low flow sampling equipment in order to determine if there any groundwater contamination on the site in the location of the installed monitoring wells.
The ground conditions encountered across the site based on the most recent ground investigation carried out shows that the ground conditions are comparatively consistent across the site. (See appendix B)


STRATA ENCOUNTERED
The strata encountered in the most recent ground investigation works detailed in this report comprised Made Ground, observed to be variable in its composition comprising a ash,  sandy Gravel, with a mixture of ash, light grey sand, sandy clay, red brown sandy clay with brick sholes and dense brick ash with sandy clay with various inclusions of deleterious material including metal and wood. The thickness of the Made Ground ranged from approximately 0.50m to 4.35m. The exploratory works have shown the Made Ground overlies a sequence of cohesive estuarine deposits or lies directly on the coarse Alluvial Sand and Gravel. A layer of very dense brown sand was encountered beneath the Gravel layer from 6.8m to over 9.8m depth.
The ground conditions encountered during the investigation were fairly consistent across the whole of the site. The Investigation Factual Report, which is referenced here under Appendix A, contains more detailed information on the ground conditions encountered at each exploratory hole location along with geotechnical and exploratory hole location plan.
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Borehole test Appendix B
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ENVIRONMENTAL ASSESSMENT
This assessment has been prepared on the understanding that the proposed development of the site will be commercial with associated areas of hardstanding and soft landscaping. Should the proposed site usage change significantly from the above, the contents of this report will require review and amendment as appropriate.

SOIL CONTAMINATION
The Qualitative Risk Assessment (QRA) that was undertaken to determine if any potential contaminants within the underlying soils and groundwater pose an unacceptable level of risk to the identified receptors.
Exceedances were identified and were all from the compound Benzene. These exceedances varied with depth but were predominantly found with the shallow Made Ground and were observed to be broadly distributed with no identifiable single source.
As the soluble contaminants identified at elevated concentrations in the overlying soil have not been detected in the dissolved phase of the groundwater, it is clear that the soil contamination is not leaching at sufficient levels to have a detrimental effect of the groundwater.

GROUND GAS
Given the ground gas results, the site may be classified as a Charactersitic Situation CS2, Low Hazard potential, and can be considered a Type C Building. Therefore, a minimum gas protection score of 2.5 is thought suitable for the site.

RECOMMENDATIONS FOR REMEDIAL MEASURES
The proposed layout will see the construction of the new restaurant and ice-cream parlour (with manager’s apartment), car parking areas and access roads. It is recommended that any new building incorporate hydrocarbon vapour resistant membranes in the foundation detail and also should any areas of soft landscaping be designed, that a minimum of 600mm of an inert ‘topsoil / subsoil’ capping layer be specified to mitigate the dermal contact and inhalation pathways of the benzene and asbestos fibres respectively.
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WASTE DISPOSAL AND ENVIRONMENTAL PERMITTING ISSUES
Any soils removed from the site must be disposed of at an appropriately permitted landfill or exempt facility. As producer of the waste, the landowner or employer has a Duty of Care to ensure that their waste is disposed of appropriately. It is recommended that the classification of the waste is confirmed by discussion with the receiving waste management facility prior to disposal. Further WAC testing (Waste Acceptance Criteria Testing) may be required depending on the volume and location of any materials to be disposed of as landfill.
Should it be proposed to re-use site derived excavated soils (including natural materials) at the site or import naturally occurring unpolluted soils directly from another site, such activities may potentially fall under the Environmental Permitting (England and Wales) Regulations 2010. In March 2011, Contaminated Land: Applications in Real Environments (CL:AIRE) published Version 2 of the Definition of Waste: Development Industry Code of Practice. The Code of Practice is supported by an Environment Agency Position Statement, which indicates:
“If materials are dealt with in accordance with the Code of Practice we consider that those materials are unlikely to be waste at the point when they are to be used for the purpose of land development.”
Under the Code of Practice, such soils should not be a waste if they are retained on the site provided the re-use is “certain”, the soils “are suitable for use without any treatment” and “only the quantity necessary for the specified works” as noted at the planning stage of the project is re-used. Rather than apply for a formal environmental permit or waste exemption, such works can now be undertaken under self-regulation so long as the protocols in the Code of Practice are followed. The Code of Practice requires the preparation of a Materials Management Plan, which needs to be signed off by a Qualified Person and the subsequent preparation of a Verification Plan and Verification Report.
Should it be proposed to import waste materials (as defined by the EU Waste Framework Directive) to site from an off-site source for use in construction, then either a waste exemption will need to be registered with the Environment Agency or a Standard Rules Permit obtained, depending on the quantities of waste to be imported. Such wastes may include clean topsoil and subsoil generated from other constructions sites, although by adopting the Code of Practice for the importation of these materials, this should omit the requirement for a waste exemption or Standard Rules Permit.
Should it be proposed to import recycled aggregate to site, then so long as this has been processed in accordance with the WRAP protocols this is unlikely to be considered to be a waste and no waste exemption or Standard Rules Permit is required. If the recycled aggregate has not been processed in accordance with the WRAP protocols then this may be considered a waste and an exemption or Standard Rules Permit will be required.




9
EXCAVATIONS
Excavation will be possible by normal hydraulic plant within the Made Ground, cohesive, and noncohesive Drift Deposits, Consequently, localised obstructions will be encountered, mainly due to the presence of old foundations, building walls and other works carried out on the site, and these will require breaking out and removal under the footprint of proposed buildings and where they coincide along drainage and service runs, however, it is likely that obstructions could remain beneath access roads and car park areas, and should assessed on site with regard to site levels.
Where existing foundations/ obstructions are removed, the resulting voids should be backfilled carefully in order to cause minimal ground disturbance and avoid creating any loose pockets. Any suitable concrete foundations that are excavated may be crushed and screened and the material reused as general fill.
Foundation excavations should be maintained dry at all times in order to prevent the softening of any cohesive materials. All excavations should be assumed to be unstable in the long term and require positive support or battering back. No material is to be stockpiled adjacent to an excavation and only blinding will be required on the base of the excavation.
Unsupported temporary cut slopes or excavations during construction works within the predominately gravel soils combined with a high groundwater table are expected to cause collapse of any trench excavation. Temporary pump and sump dewatering are thought to be required on occasion to remove perched groundwater from the short term excavations. With regard to general advice then it is recommended that buildings are set back from the edge of any manmade batter by at least the same distance as the height of the batter i.e. a 45 degree angle from the toe of the slope, but this will need to be assessed on site by a suitably qualified geotechnical engineer upon commencement of the proposed excavation works.
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FOUNDATION
The following discussion of foundation options should therefore be regarded as preliminary and subject to review as and when the detail of the intended development and the associated foundation loadings are known. Final designs for the foundations should be carried out by a suitable qualified engineer based on the findings of this investigation and previous investigations and with reference to the anticipated loadings and serviceable requirements for the structure.
Although the Made Ground at the surface is thick enough to support substantial temporary loadings, the non-uniform composition of the Made Ground means it would likely suffer from differential settlement. In addition, long term settlement due to consolidation within the underlying Cohesive Alluvial Deposits would need to be taken into account.
Foundation types for the proposed commercial unit are recommended to be either Piles or Reinforced Raft Foundation. See differences below
1. Piles
Given the current state of the site and considering the material encountered during the previous investigation and most recent investigation, it is considered that piling is a viable foundation option for the site, particularly on the raised area of Welsh Government Land along the western boundary, providing all underground obstructions can be first be removed. 
A piled foundation solution would transfer the building loads down to the underlying dense Alluvial Gravels. However, the ultimate pile design would be dependent upon the loading of the buildings and the remedial actions adopted. (See appendix C)
2. Reinforced Raft Foundation
A reinforced raft foundation could be used to mitigate the effects of potential differential settlement which may occur as a result of the possible variable nature or likely thicker isolated layers of the Made Ground material and also to evenly spread the load across the raft to reduce ground bearing pressures to allowable/ tolerable limits. 
The Made Ground should be excavated to a depth of 200mm beneath the formation level of the raft foundation. The base of the excavation shall then be adequately proof rolled and replaced with suitably compacted granular material in order to construct a load transfer platform at the underside of the raft foundation. (See appendix D)
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Pile foundation detail Appendix C
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Raft foundation Appendix D
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SOURCE OF INFORMATION

Information on the geology underlying the site was obtained from the following sources:
· British Geological Survey map, Sheet 247, Scale 1:50,000
· British Geological Survey Website - www.bgs.ac.uk
· NERC & Institute of Geological Sciences (1970) British Regional Geology – South Wales. 3rd Edition, HMSO
· British Geological Survey, Geology of the Swansea district – a brief explanation of the geological map Sheet 247 Swansea. W J Barclay. 2011.
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