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This report will be a case study for the SA1 Swansea innovation Matrix building. In this report I will be focusing on two main aspects involved in the development. I will be firstly focusing on the foundation requirements and in particular the chosen foundation considering the buildings location.
For the later part of the assignment I will be reporting on the super structure and in particular the material choices involved in constructing the building.

The Innovation matrix is currently in the construction phase, the work is being carried out by the construction company Kier. The building will compromise of 5,450m2 (Swansea.gov.uk, 2022). The University and the Swansea Bay City Deal have collaborated to fund the £1.3 billion investment plan. It will give the university a platform for its research and knowledge sharing, as well as help investors, entrepreneurs, and cross-sector businesses to promote regional commercial growth. (KIER, 2023)

The building will be located in Swansea SA1. The below image taken from what 3 words shows the current location (What3Words, 2023). The building will be constructed on what I consider to be poor ground, it will be two story steel framed building. Construction has started on plot C1, this was previously a car park for the university, however prior to this it was a dock and housed warehouses. I will cover more on the history of the site below.  
Figure 1 - (what3words /// The simplest way to talk about location)

[bookmark: _Toc155340538]Site Detail

The location is near water; three water sources can be reached in a quick two minutes' walk from the dry lock. These are the Prince of Wales Dock, the River Tawe, and the Kings Dock (which empties into the Queens Dock). A tidal basin can also be found behind the IQ building. The site may have a high water table and sandy soil because it is close to Swansea Beach front (as per bore hole logs). Good ground could be at an severe depth due to the location, this would cause issues for forming the foundation. 

[bookmark: _Toc155340539]Historical Appraisal

Previously the site was a dock that subsequently held warehouses. The king's dock was constructed in 1909, eleven years prior to the construction of the queen's dock in 1920. Before this, a river passed through the location of the site (Appendix 1). In Swansea at the beginning of the 20th century, the tinplate, copper, and steel industries were thriving, with all of these works being done locally. There was also a tram line that run directly through the site, this was in operation from 1804 to 1959 (Appendix 2), this train line would carry lime (I.Rees, 2021). Due to the rich history of Swansea industrial past, there would be a likely possibility that some areas of the ground would be contaminated. Below is an image of site in the early 1920’s that emphasises the heavy works. Alongside the works during, World War II, Swansea, and especially the SA1 area, was heavily bombed during the “Swansea blitz”. There's a chance that this will reveal unexploded explosive ordnance (UXO) (Swansea.gov, No date). There would have been a requirement for many soil reports/investigations due to the site’s history.
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[bookmark: _Toc155340541]What is a Foundation 

A building's foundation is the area of the structure that supports it. The term "foundation bed" refers to the level ground that supports it. One of the fundamental components of a structure is its foundation. It is described as the portion of the structure that disperses the weight and load of the structure built upon it. Foundations are provided to distribute the structure's weight over a sizable area of soil, avoiding any settlement, preventing the lateral movement of the super structure and to increase the buildings structure stability. (Mahdi, no date)

[bookmark: _Toc155340542]Foundation factors
There are certain factors that must be considered when choosing which foundation to use. Some examples provided by civil today (Mahdi, no date) that I find most relevant to consider when deciding the foundation type for the innovation matrix are:

· Weight of the super structure
· Soil condition
· Type of construction materials to be used
· Water table level
· Location of the building

[bookmark: _Toc155340543]Foundation types

Foundations are decided from the soil profile. The design/specialist team will decide on the foundation type based on the soil profile, load and size of the structure. Foundations are basically split into two categories based on depth (deep and shallow foundations). The image below shows the type of foundation typically used. This would be dependent on the soil type and the strata in the ground.  

[image: A diagram of foundation system
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Figure 3 - Generic foundation types (Mahdi, no date)
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[image: Diagram of a structure with text

Description automatically generated]It was decided that the best foundation type  for the Innovation Matrix would be a piled foundation with a pad cap and beam. I received the foundation details from Kier, by speaking to their project manager. These are in the appendix section (Appendix 3-6). (Personal communication , 2023).  I believe that this was the best foundation type given the sites details and historical background. As per table in the “GA report” (document attached in bibliography and sent to R.Thomas) and the local areas bore logs below (appendix) (BGS, 2023)you can see that ‘good’ ground is at great depths that require piling. Figure 4 - standard pile (Designing Buildings, 2022)

It is not possible to use shallow foundations like a PAD, raft, or strip because good ground is too deep. Using a shallow foundation would bring risk of possible subsidence and causing the build/building to fail. Below I have listed some of the key reasons to the selection of the Piled foundations in the SA1 area.




[bookmark: _Toc155340545]Bore Hole Logs/ Trial Pits

For the innovation matrix, cable percussion boreholes were proposed, but due to the recent build of the Forwm and IQ building, boreholes were deemed insufficient. The closes bore hole logs to the site is in the appendix and show the build up of the strata (results not clear). Trial pits were however carried out as per below image to identify made ground. 

[image: A blueprint of a building
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Figure 5 - Trial pits (Jubb, 2020)


[bookmark: _Toc155340546]Soil conditions

With the poor soil conditions in the SA1 area. Pile foundations are utilised because of the challenging soil characteristics. In addition to providing stability, piles shift the structure's weight to a more stable, deeper layer of rock or soil. Piles can be driven deep into the ground until they reach more stable soil layers, providing a solid base for the structure. (Ground Developments, 2023). Consideration of when to carry out the piling would be important, due to the university and exam periods, I would ensure the piling is carried outside of term time due to the noise associated with the works. 

Previous site investigations show the expected ground conditions as per table below.
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Figure 6 - Ground conditions (Jubb, 2020)
[image: A screenshot of a graph
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Figure 7 - soil testing (Jubb, 2020)

[bookmark: _Toc155340547]Load Bearing Capacity

Piled foundations are capable of supporting the heavy loads of the steel super structure. Piles can support heavy loads and distribute them evenly, ensuring the stability and safety of the building. The foundation is designed to withstand vertical and horizontal loads, this is ideal for buildings like the innovation matrix. Another benefit of the pile foundation would be that it would assist with wind loads, particularly with the wind originating from the Bristol Channel.

[bookmark: _Toc155340548]Settlement Control 

By distributing the load over a larger area and lowering the potential amount of settlement, piled foundations can aid in the control of settlement. This is especially crucial in the SA1 area where the soil is very unstable.

[bookmark: _Toc155340549]Environmental factors

The location is near Swansea Beach front, this suggests that the site might have a high-water table. Piled foundations are again good to areas that may suffer from flooding. When properly designed, the foundation can withstand floods and provides stability to the structure. Piled foundations can be an environmentally friendly option as they minimise disturbance to the surrounding landscape. (NHBC, 2010)
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The above evidence states why a piled foundation is correct. With the possibility of on site contamination within the made ground (items such as hydrocarbons, heavy metals, railway sidings) and with similar items off site causing poor ground. With the buildings weight and size it is clearly the safest and most viable option this achieves the necessary capacity for the anticipated column loads. The piled foundation in my opinion is the only possible foundation that can support the proposed building the piles would likely extend into the underlying dense Marine Deposits encountered. Given the thickness of the made ground and underlying loose material (with no information on the compactness of the existing material), a suspended floor slab would also be required for further support. As per the IQ building which also required an excavation, that was backfilled with made ground to the BS specification.
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[bookmark: _Toc155340552]Material Choice

The innovation matrix is  going to be a  steel superstructure. Steel superstructures are commonly used in construction due to their numerous benefits, including high strength, stability, fire safety, aesthetics, and environmental sustainability.


[bookmark: _Toc155340553]Design

Steel superstructures offer great design flexibility, allowing for complex and unique architectural designs. The material's high strength-to-weight ratio enables longer spans and the creation of open, column-free spaces. The ability to pre-fabricate steel components simplifies the construction process and reduces on-site labor requirements. 

Achieving an EPC rating of A amd a BREEAM rating which will be excellent. With areas of the building operating in a net zero carbon environment, Sustainability is key to the design of the IQ building. (UWTSD, 2023)

[bookmark: _Toc155340554]Structural Strength

When thinking about a new construction, strength and durability are important considerations. Issues can shorten the building's lifespan, requiring maintenance and adding unnecessary expenses. Compared to timber or concrete, steel is known for its exceptional mechanical properties, providing excellent structural strength. It can withstand high loads, making it suitable for large-scale structures like innovation matrix, or bridges, and stadiums. The inherent stiffness and rigidity of steel add to its structural integrity, ensuring long-term stability.



[bookmark: _Toc155340555]Stability

Steel structures exhibit excellent stability due to their resistance to deformation, settling, and shrinkage. They are inherently stable against natural forces such as wind, earthquakes, and hurricanes. Additionally, steel's ductility allows it to absorb energy during seismic events, providing resilience and minimizing damage.

[bookmark: _Toc155340556]Fire Safety

Steel is inherently fire-resistant, with excellent fire resistance ratings. It has a high melting point, making it difficult for fires to weaken the superstructure quickly. Additionally, steel does not contribute fuel to fires and does not release any toxic gases when exposed to flames, enhancing overall fire safety.

[bookmark: _Toc155340557]Aesthetics

Steel superstructures offer a sleek and modern aesthetic appeal. The material's strength permits the use of slender frames and large window openings, enabling architects to create visually striking designs. The steel frames will also shape the mould of the building, ensuring it has its open rooms, quiet areas and printing facilities (multi purpose building) as its designed to do so. Steel can be easily combined with other materials like glass and concrete to achieve a desired architectural style. With its large open spaces and proposed glass area.  As you can see in the below proposed image of the IQ building. 

[image: A group of people outside a building
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Figure 8 - proposed image of the IQ building (uwtsd, 2023)
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Steel is one of the most sustainable construction materials available. It is 100% recyclable, reducing the demand for new raw materials and lowering energy consumption. Recycling steel also reduces carbon emissions, as the production of recycled steel requires significantly less energy compared to primary steel production. Additionally, steel's durability ensures a longer life cycle for structures, decreasing the need for replacements.

High levels of insulation and mechanical ventilation are advantageous to the building. Using heat recovery throughout the winter to minimise the energy loadings. Offices will employ natural ventilation in the summer to keep the building cool and comfortable for building occupants. Hot water will be provided by radiant panels. High-efficiency LED lighting and daylight dimming are beneficial for all rooms. The glazing is intended to maximise daylighting while reducing solar gains during the summer. The roof will be covered with solar panels to generate electricity for the building. (UWTSD, 2023)


[bookmark: _Toc155340559]Steel v Concrete

In terms of cost, steel is cheaper than concrete. It can be installed quicker, because it is usually prefabricated, construction can proceed faster. Greater spans can be achieved because steel is better than concrete in terms of weight bearing or load bearing. While the steel work provides a better, more open working environment, we must make sure the centre is always supported when using concrete. Steel's open space makes it easier to install services. Concrete structures are more wasteful than steel ones. Concrete is more fire resistant than steel and can be moulded into most shapes. Steel has a lower carbon footprint than concrete, making it better for the environment. Selecting a structure often boils down to its durability and location. For instance, in an earthquake-prone area, you would use a steel frame because it can move, whereas a concrete structure is more likely to crack. In warmer climates, concrete buildings are more common since it is a more durable material than steel. (designingbuildings, 2022)

[image: Table
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Figure 9 - steel v concrete table (Anon., n.d.)

[bookmark: _Toc155340560]

Steel Conclusion

Considering the design specification and the aesthetic the Innovation matrix requires. Steel is the best and most viable option for the super structure. Steel constructions are much lighter than concrete equivalents. They need fewer extensive foundations, lowering the environmental effect of the construction. With the poor ground conditions and the area suspect to wind and weather attacking the SA1 area, it provides real stability. 

In conclusion, the decision to use a steel-framed building on a piled foundation is attributed to several key factors. Firstly, the steel material offers exceptional strength and durability, providing structural stability to support the weight of the building. This is particularly important for tall or large buildings, which can exert significant loads on the foundation. Additionally, steel is highly resistant to natural elements such as fire, earthquakes, and extreme weather conditions. With a steel frame, the building can withstand these potential hazards and ensure the safety of its occupants.

Moreover, the flexibility of steel allows for efficient construction, as it can be prefabricated off-site and easily assembled on-site. This speeds up the construction process, reducing time and costs.

Piled foundation with a Steel Structure 

Lastly, the use of a piled pad foundation enhances the load-bearing capacity of the building. By distributing the weight of the structure more evenly across a greater surface area, the piles effectively support the vertical loads, ensuring the stability and longevity of the building.

By combining the strength and durability of steel with the stability and load-bearing capacity of a piled foundation, the construction of a steel-framed building on this foundation type reinforces the project's aims for safety, efficiency, and structural integrity. Ultimately, this construction approach guarantees a reliable and long-lasting structure capable of withstanding various challenges and environment conditions.
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Appendix 1  

River running through the site, also includes the previous copper works 
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Welsh Tithe Maps - Browse (library.wales)



Appendix 2

Railroad running through site
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Appendix 3 – Piling layout
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(Personal communication , 2023)
Appendix 4 – Pilecap details
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(Personal communication , 2023)

Appendix 5 – Pilecaps and lift pit
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(Personal communication , 2023)

Appendix 6 – Pilecaps and lift pit
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(Personal communication , 2023)


Appendix 7 – Closest Borehole Logs
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NOTES

1. This drawing is to be read in conjunction with relevant engineer's
drawings,specifications and structural design philosophy document. reference should
be made to architect's and specialist's drawings, specification and details.

2. All dimensions are in millimeters. All levels are in meters.

3. Concrete grade C32/40

4. Cover to all reinforcement to be (U.N.O)

Pile caps

Top & Sides

Bottom

Lift pit :
All Sides

50mm
75mm

30mm

5. All bars are listed on bar bending schedules incorporating this drawing no.

IM-JUBB-01-FL-SH-S-13000 - 01 TO 05

6. Bars on this drawing are listed:-

2x12H16 06-200 B1

L Abbreviation
Spacing
Bar mark
Bar dia
Steel grade

No of bars
Multiples

7. Minimum Lap lengths to be UN.O. -

LAP TABLE
100% Lap length Anchorage
Bar@ | Bottom [ Top | Bottom Top

8 300 | 425 215 400
10 400 | 575 350 500
12 525 | 750 425 600
16 175 1100 | 550 800
20 1000 | 1425 | 700 1000
25 1300 | 1850 | 875 1250
32 1650 | 2350 | 1100 1575
40 2250 | 3200 | 1500 2150

ABBREVIATIONS.

T Top First Layer

T2 Top Second Layer

B1 Bottom First Layer

B2 Bottom Second Layer

B3 Bottom Third Layer

THK Thickness

TOC Top of Concrete

ES Each Side

SSL Structural Slab Level

IF Inner Face

OF Outer Face

H Horizontal

Vv Vertical

FOR GROUND BEAM REINF. DETAILS REFER
DRAWING NO: IM-JUBB-01-FL-DR-S-13005 TO 13012

FOR GROUND FLOOR SLAB REINF. DETAILS REFER
DRAWING NO: IM-JUBB-01-00-DR-5-13020 TO 13027

C2 | 30.03.23 | LIFT WALL AMENDED, MESH| SM | ES
NOTE ADDED.

C2 | 27.02.23 | PILE CAP PC3(a) GROUP NRP | ES
SPLITTED FROM PC3

C1| 04.01.23 | CONSTRUCTION ISSUE NRP| ES
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FOUNDATION NOTES:

1.DO NOT SCALE

2. ALL DIMENSIONS IN MILIMETRES UNLESS NOTED
OTHERWISE.

3. THIS DRAWING TO BE READ IN CONJUNCTION WITH ALL
RELEVANT JUBB, ARCHITECT'S M&E ENGINEERS AND
SPECIALIST SUB-CONTRACTORS DESIGN, DETAILS AND
SPECIFICATIONS.

4. THIS DRAWING IS TO BE READ IN CONJUNCTION WITH THE
GROUND INVESTIGATION LETTER REPORT BY "JUBB" REF:-
18316-GCA-1 DATED DEC. 2020. AND 'TERRA FRIMA' REF:-
MW/17192/L1. DATED 14TH APRIL 2022

5. PROJECT IS GAS CHARACTERISTIC SUITATION 2 ALLOW
FOR SUITABLE MEMBRANE BY SPECIALIST.

6. THIS DRAWING IS TO BE READ IN CONJUNCTION WITH THE
NBS SPECIFICATION.

7. THIS DRAWING IS TO BE READ IN CONJUNCTION WITH ALL
SERVICES INFORMATION AVAILABLE PRIOR TO WORKS
COMMENCING.

8. ANY LIVE SERVICES THAT ARE TO BE RETAINED ARE TO BE
DIVERTED OR PROTECTED DURING THE WORKS IN
ACCORDANCE WITH THE APPARATUS OWNERS
INSTRUCTIONS.

9. THE CONTRACTOR IS TO ADHERE TO ALL CURRENT

DIAGONAL HATCHED AREA INDICATES

R A

-

[=}
©

7

)

7

7.25

732

72

P/R 0.7h

ASSUMED AREA OF LOCK WALL TAKEN
FROM VERY LIMITED INFORMATION ON
HISTORIC DRAWINGS.

HEALTH AND SAFETY REGULATIONS AT ALL TIME.

CONCRETE:

GRADE:

SLAB: RC32/40

GROUND BEAMS: RC32/40
PILE CAPS: RC32/40

REINFORCEMENT:

GRADE: 500B

MIN COVER:

SLAB: 30mm

GROUND BEAMS: 50mm

PILE CAPS: 75mm BTM, 50mm SIDES & TOP

STRUC

TURAL GROUND BEAM SCHEDULE

REF |

Type

GB1

600W x 800DP GROUND BEAM

GB2

600W x 700DP GROUND BEAM

GB3

950W x 1500DP GROUND BEAM

GB4

600W x 1000DP GROUND BEAM

900W-x800DP GROUND BEAN|

GB6

750W x 1000DP GROUND BEAM

GB7

1200W x 1000DP GROUND BEAM

750W x 800DP GROUND BEAM

CROSS HATCHED AREA INDICATES

ON SITE BY 'TERRA FIRMA'.

EXTENT OF TOP LOCK WALL SURVEYED

INDICATIVE FW DRAINAGE
SHOWN DASHED, FOR EXACT
LOCATIONS REFER TO JUBB
DRAINAGE LAYOUT DRAWING
00500, ARCHITECT'S & M&E
ENGINEER'S DRAWINGS.

100 DIA DUCT TO BE CAST

IN FOUNDATIONS FOR MCWS.
ROR EXACT LOCATION&
DETAILS REFER TO M&E
ENGINEER'S DRAWINGS.

TOP OF EXISTING LOCK WALL
TO BE REMOVED TO ALLOW
FOR THESE GROUND BEAMS.

C5 |18.04.23 |GROUND BEAMS/ PILECAPS |SM |ES
AMENDED AS CLOUDED

C4 |30.03.23 |LIFT SHAFT SIZE AMENDED, |SM |ES
LIFT PIT WALL INCREASED
TO SUIT

C3 |28.02.23 |2 No. TRIPLE PILECAPS SM |ES
AMENDED GL 384

C2 |23.01.23 |UPDATED TO LATEST SM |ES
LAYOUTS AND COMMENTS

C1 |14.12.22 |CONSTRUCTION ISSUE SM |ES

P04 |22.06.22 |UPDATED TO LATEST SM |ES
ARCHITECT'S LAYOUT

P03|13.05.22 |UPDATED TO LATEST SM |ES
LAYOUTS

P02|10.02.22 |FOUNDATIONS UPDATED TO |SM |ES
SUIT COMPOSITE DECK
SCHEME, EXISTING LOCKING
CHANNEL WALL UPDATED.

P01|22.12.21 |STAGE 3a FIRST ISSUE SM |ES
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EXECUTIVE SUMMARY

Site Information

Client

Project

0S Co-ordinates

Site Size

Proposals

Site Description

Current and Historic
Site Uses

Ground Conditions

Geology

Hydrogeology and
Hydrology

Ground Conditions
Encountered

Kier

Box Village

SS 66709273

80m by 40m (0.3 hectares)

Modular village

Site comprises a central asphalt car park with gravel surrounds.

Site currently adopted as a car park having been compound and temporary offices

for surrounding university build.

Historically the site has been covered by engine sheds and depots.

Site shown to be underlain by made ground, which in turn is underlain by Blown Sand
and Beach Deposits over the South Wales Middle Coal Measures

Hydrogeology

= Solid geology classed as Secondary A Aquifer.
= Simplified groundwater vulnerability classification is low.
= Site is not within a Source Protection Zone (SPZ)

Hydrology

= Nearest surface water is the Prince of Wales Dock just to the north of the site.

The site is not within an area indicated to be at risk from flooding.

= Made ground was encountered down to depths of around 1.0m to 2.1mbgl and
generally comprised dense silty sandy GRAVEL.

= The made ground contained numerous obstructions in the form of the historic
dock wall and buried concrete slabs.

= Beneath the made ground loose silty gravelly SAND was encountered which
was interpreted as Marine Deposits.

Geo-environmental Assessment

Contamination
Assessment

18316-GCA-1

= No significant soil contamination encountered, with the exception of one
slightly elevated lead concentration in WS2.

= No significant risk to controlled waters. Piling risk assessment likely required
to assess potential risk from driven piles.
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Contamination Risk
Classification

Radon

Ground Gas

Kier

No asbestos identified.

Low risk

The site is in a lower probability radon area therefore no radon protection measures
are required.

Based on a methane level exceeding 1% on one visit, the site is classed as a
characteristic situation 2 — low risk.

Basic gas protection measures to include a combination of:

Geotechnical Assessment

Foundations and
Floor Slabs

Excavations

Earthworks

Buried Concrete
Classification

18316-GCA-1

the structural barrier of the floor slab;
ventilation measures; and
gas resistant membrane.

Shallow foundations not suitable for site, given the thickness of made ground.
Building will require piling, with piles likely to extend into the underlying dense
Marine Deposits encountered from around 10mbgl.

Given the thickness of made ground and underlying loose material, a
suspended floor slab is recommended.

Excavations should be achievable using large tracked plant with toothed
buckets.

Hydraulic breaker attachment will be required to remove the obstructions that
were encountered during investigation.

Historical dock wall is located at a depth of approximately 1.5mbgl down the
eastern side of the site. Could create possible *hard spot’.

Temporary shallow excavations through the granular made ground will likely
be stable in the short term at an angle of 1V:2H.

Shallow excavations may encounter groundwater which should be controlled
by sump pumping techniques. Deep excavations (not currently proposed) i.e
below water table would require a cofferdam.

The made ground likely to be classed as Class 1A (Well Graded Granular),
Class 2C (Stoney Cohesive) and Class 1C (Coarse Granular) where there is a
high cobble content.

The shallow marine deposits are likely to be classed as Class 1A (Well Graded
Granular) and Class 2C (Stoney Cohesive).

The following Design Sulphate (DS) class and Aggressive Chemical Environment for
Concrete classifications for the different stratum have been obtained and should be
used to produce the concrete specification.

Made Ground: DS2 AC-2;
Shallow Marine Deposits: DS1 AC-1;
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Pavement Design

Groundwater

Geotechnical  Risk
Category

18316-GCA-1

Kier

Where the made ground is left in-situ then a design CBR of 15% will be
achievable.

Recompacted made ground material will likely achieve a CBR of around 10%
provided it is free of ash and clinker material.

Groundwater was encountered in WS4 at a depth of 2.0m bgl and in WS5 at a
depth of 2.5m bgl, both within the shallow marine deposits.

Groundwater monitoring only recorded groundwater at a depth of 2.8m in one
borehole on one visit, all of the other visits no groundwater was encountered.

Geotechnical Risk Category 2.
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1 Introduction

1.1 Commission

Kier are proposing to redevelop a plot of land within the Swansea Waterfront Innovation Quarter in Swansea Bay,
with a modular building to provide innovative, easily to access space for possible shared university and
commercial space. To assist with the development of the site proposals, Jubb Consulting Engineers (Jubb) have
been appointed to undertake a geotechnical and geo-environmental assessment of the ground conditions.

This report constitutes the Ground Conditions Assessment (GCA) for the proposed development, and provides
advice for the geotechnical and geo-environmental design of the development and associated ground
contamination or geotechnical hazards.

This report is for the private and confidential use of Kier (to whom alone is owed a duty of care) and their
professional advisors and consultees; it may not be relied upon or reproduced by any third party for any use
without the written agreement of Jubb.

1.2 Objectives

The objectives of this assessment are:

®  toassess the geo-environmental ground conditions at the site with due regard to any previous investigation,
remediation and validation works undertaken as part of the site enabling works. If necessary, to provide
outline recommendations for risk mitigation based on the findings;

= toanalyse the intrusive ground investigation results to determine ground conditions, obtain representative
values for geotechnical analysis, and identify any geotechnical issues which may affect the proposed
development;

= to make an evaluation of any potential environmental or geotechnical hazards, risks and liabilities to the
planned development of the site on the basis of the foregoing studies, and to provide engineering and
environmental recommendations for the site, in view of the potential development of the site.

1.3 Scope, Sources & Limitations

A Phase 1 Geo-environmental desk study report and Phase 2 Geo-environmental site investigation report of the
neighbouring site were carried out in 2016, and have been referenced in the production of this report, as detailed
in section 3.0.

A Ground Investigation was also commissioned to support and supplement the initial assessment of the site, see
section 5.0 for more details.

This report has been carried out in accordance with the following UK legislation and regulatory guidance for site
investigations: -

=  BSEN1997-1:2004 +A1:2013 Eurocode 7 Geotechnical design — Part 1 General rules;

=  BSEN1997-2 (2007) Eurocode 7 Geotechnical design — Part 2 Ground Investigation and testing;

= NA+A1:2014 to BS EN 1997-1:2004 +A1:2013 UK National Annex to Eurocode 7: Geotechnical design — Part
1: General rules,

= NA to BS EN 1997-2:2007 UK National Annex to Eurocode 7: Geotechnical design — Part 2: Ground
investigation and testing;

=  BS 5930 (2015) + Al (2020) Code of Practice for site investigations;

= BS 8004 (2015) Code of Practice for Foundations;

= BS 10175 (2011) + A2: (2017) Investigation of Potentially Contaminated Sites — Code of Practice;

18316-GCA-1 8
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= CLR11 (2004) Contaminated Land Research Report, Defra/EA - Model Procedures for the Management of
land contamination;

= BSEN14688-1(2002) + Al (2013) Geotechnical investigation and testing. Identification and classification
of soil. Identification and description.

= BSEN14688-2(2004) + Al (2013) Geotechnical investigation and testing. Identification and classification
of soil. Principals for a classification.

= BS EN 14689 - 1 (2003) Geotechnical investigation and testing. Identification and classification of rock.
Identification and description.

It should be noted that any ground investigation provides only a small sampling of any site and that ground
conditions may differ both laterally (across the site) and vertically (with depth) between sample points. Such
differing conditions may thus remain undetected by fieldwork. Certain areas may not have been accessible to
intrusive survey due to vegetation, live services or other obstructions.

18316-GCA-1 9
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2 Site Setting

2.1 Site Location

The site is located within the Swansea Waterfront Innovation Quarter, in the area of the former Swansea Dock.
The site is accessed from Kings Road and is adjacent to The University of Wales Trinity St David SAL newly
constructed site.

Figure 1: Site Location

The Ordnance Survey (Landranger) grid reference at the centre of the site is SS 6670 9273.

A site location plan and aerial photograph are reproduced in Appendix A.

2.2  Site Description

The site comprises a rectangular plot of land, approximately 70m by 40m in size, that is bounded to the north by
King's Road, to the west by Heol Ynys and by a newly constructed road serving the University of Wales Trinity St
David new build, to the west. A bike shed forms the southern boundary of the site.

The site is occupied by an asphalt car park over the central area of the site, with loose gravel surrounds either
side of the asphalt area

2.3 Site Proposals

The current proposals is for a modular building which is to be used as shared university and commercial space
with the option for café space to be included.

A site proposal plan is included in Appendix B.

18316-GCA-1 10
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3 Previous Reports
Jubb carried out a report for the adjacent SA1 development site, in which a number of historical reports were
reviewed. The Jubb report and the other historical reports that were reviewed are as follows:

= Jubb, Phase 1 and 2 Ground Conditions Assessment, SA1 Development Site. March 2016.

=  ARUP, RIBA Stage 2 Civil & Structural Report, September 2015;

= Stride Treglown Limited, Environmental Statement Addendum, July 2015;

= WYG, Geotechnical Design Note 3: Summary and appraisal of available geotechnical information for the
Phase 2 development area, November 2007.

3.1 Jubb Reports

3.1.1 Jubb, Phase 1 and 2 Ground Conditions Assessment, SA1 Development Site. March 2016

Jubb carried out a ground investigation as part of the proposed FACE building and library. The investigation
disclosed the following ground conditions.

=  Made Ground to approximately to approximately 8m bgl;
= Beach/Tidal Flat Deposits to approximately 20m bgl;
= South Wales Middle Coal Measures Deposits below approx. 20m.

Contamination testing was carried out and found:

* Nosignificant soil contamination encountered, with the exception of one elevated instance of Lead and PAH
in WS02.

= Ground gas monitoring undertaken indicates Characteristic Situation 1 (monitoring ongoing).

= No significant groundwater contamination encountered.

*  No asbestos identified.

Driven steel piles were recommended for a foundation solution with a ground bearing floor slab providing made
ground excavated and replaced down to 0.5m.

It was noted that there was a significant risk posed by the presence of the historic lock on site as well as other
obstructions from previous buildings and phases of earthworks. Provisions should be made in order to full identify
the full extent of the lock structure, and foundation and floor slab designs will need to take account of this. Pre-
boring/probing for pile locations will need to be considered to reduce riling risks.

3.2 Third Party Reports

3.2.1 ARUP Consulting Engineers, RIBA Stage 2 Civil & Structural Report (2015)

The RIBA Stage 2 Civil & Structural Report prepared by Arup outlines the civil and structural engineering for
Phase 1 of the campus development which includes the Faculty of Architecture, Computing and Engineering
building (FACE), the first part of the new library facility and the associated external works and landscaping to the
Phase 1 area.

The report includes a geotechnical review with a number of previous ground investigation reports referenced. The
reports outline the following ground conditions noted proximal to site:

= Made ground to circa 3m depth;
= Marine deposits to circa 8m depth comprising very soft to soft clay and loose sand;
= Alluvial deposits to >8m comprising firm to stiff clay and medium dense to very dense sand and gravels.

The report outlines possible foundation solutions as a raft for the single storey structure and piles for the main 4
storey FACE building.

Possible on-site constraints are noted to be:

18316-GCA-1 11
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= The presence of underground obstructions on site as previous site clearance works did not remove all
buried structures.

= Contamination and ground gases are evident across the site currently investigated. Verification and
remediation of such will be required.

= Quantification of the historic lock area

3.2.2 Stride Treglown, Environmental Statement Addendum (2015)

The Environmental Statement (ES) Addendum was written for the entire SA1 development area and therefore
parts of the report do not apply to the subject site. Sections concerning ‘Area A’ are applicable with key points
detailed below.

The geology and hydrogeology of the site has been established as the following:

»  Made Ground - Due to the sites previous industrial history, made ground is present to varying depths. In the
location of the former dry dock, made ground to a depth of 9.7m was encountered. Made Ground generally
consisted of light yellowish brown sand, clayey gravel, coal waste, clinker, slag, bricks, concrete, cobbles
and boulders;

= Superficial Deposits - These area present within the site and comprise blown sands;

= Solid Geology — This consists of the Middle Coal Measures of Carboniferous age, generally comprising
mudstone, sand and gravel;

A review of information available from the Coal Authority website and Coal and Brine Report

With regard to Coal Mining, the ES indicates that the site is not located within a past or present zone of physical
influence from surface or underground coal workings. Coal reserves are present within the local areas which
could be worked in the future, but no licence has currently been issued.

In terms of contamination the results indicate that elevated levels of copper, zinc and PAH's were encountered
with hotspots of sulphur, lead, cyanide and sulphide identified. A full evaluation is provided of the possible
pollutant linkages which will be further explored with this report and through further ground investigation works

3.2.3 WYG Environmental, Geotechnical Design Note 3 (2007)

The geotechnical design note summarises all of the available historic ground investigation data for the SA1 site
at the time of writing. There are a number of different ground investigation which have been undertaken across
the wider site area, and the expected ground conditions at the subject site based on the previous investigations
are summarised below.

Strata Material Description Occurrence

Upper layer of building materials such as | Present in most holes, and typically about
brick, concrete and wood, with ash and | 1m to 2m thick over the old wharf areas. Up
clinker often present, mixed with varying | to around 9m thick (about -3m OD) in infilled

proportions of sand and gravel. old channels
Made A lower layer of material that appears to = Present in most holes, typically extends to
Ground have been derived from local marine | around +2m to +3m

deposits, typically sand and gravel, but .
occasionally includes soft and soft to firm | OD in the wharf areas but extends to up to

clay. about -3m OD in infilled old channels.

Concrete and Masonry Mainly at the base of infilled lock channel,
and next to some old harbour walls.

18316-GCA-1 12
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Strata

Marine
Deposits

Sandstone
Bedrock

Table 1: Ground Conditions Encountered During Previous Investigations

18316-GCA-1

Material Description

Typically sandy gravel and (to a lesser
extent) gravelly sand, often clayey, but
with bands of silt and gravelly clay. Bands
of peat and soft organic clay also occur in
places.

From the relatively little geotechnical
information available for this material, it
appears to be moderately weak to
moderately  strong  siltstone  and
sandstone.

Occurrence

Extends from the base of the made ground
to bedrock. Clay bands typically 1m to 5m
thick

and can occur at any depth, but may be
significantly deeper,

Typically encountered at -12m to -15m OD
but reported at about -5m in BH509.

Kier
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4 Summary of Desk Study Information

4.1 Published Geology

The BGS 1:50,000 Solid and Drift Mapping (Swansea, Sheet 247) and the online BGS Geology of Britain Viewer,
identifies the site to be underlain by made ground comprising mainly colliery and mineral smelting spoil, which
in turn is underlain by Blown Sand, which is described as sand transported by the wind and is underlain by Marine
Beach Deposits, comprising shingle, silt and clay.

The solid geology beneath the site is shown as the South Wales Middle Coal Measures Formation, described as
grey coal bearing mudstone/siltstone and minor sandstone.

4.2 Hydrogeology

The bedrock beneath the site is classed as Secondary ‘A’ aquifer, whereas the superficial deposits has been
classed as Unknown (Lakes and Landslip), probably due to the amount of made ground that is expected to cover
the site.

Secondary ‘A’ aquifers are defined as permeable layers capable of supporting water supplies at a local rather
than strategic scale and in some cases, form an important source to base flows of rivers.

The groundwater vulnerability of the site has the combined classification as Secondary Bedrock Aquifer — Low
Vulnerability. The combined aquifer is classed as productive bedrock, unproductive superficial giving a simplified
ground water vulnerability classification as low.

The site is not shown as having the potential for groundwater flooding to occur at the surface of the site, although
the site area is not within a classified area. Shallow groundwater is expected and likely to be tidally influenced.

The site is not located within a groundwater Source Protection Zone.

4.3 Hydrology

The nearest surface water feature is 45m to the north and relates to the Prince of Wales Dock. The River Tawe
is approximately 100m to the south west, which flows into Swansea Bay approximately 600m to the south of the
site.

The site is not within an area indicated to be at risk from flooding.
4.4 Landfill Sites

There is a BGS Recorded Landfill Site located 471m to the west at Cambrian Dry Docks and likely relates to its
infilling, although no other information is supplied.

A Historic Landfill is located 557m to the west at the same Cambrian Dry Dock with its first input date given as
December 1969 with no other information supplied.

4.5 Radon Risks

The site is within an a Lower probability radon area, where less than 1% of the homes are estimated to be or
above the Action Level. No radon protective measures are necessary in the construction of new dwellings or
extensions.
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4.6 Site History

The site was originally part of the mudflats of Fabians Bay before being infilled and reclaimed during the
construction of the docks in the early 1900s. The western side of the site was covered by the ends of two engine
sheds associated within railway sidings serving the docks with the edge of a lock separating the tidal basin and
the Prince of Wales Dock running along the edge of the eastern side.

Post war the southern engine shed was demolished and the south western corner covered by a building with
several small office buildings, with the lock now infilled. In the 1960s and 1970s the railways were dismantled
and the site was occupied by depot buildings, which were dismantled by the 2000s. In the last few years the site
has been used as a car park and offices for the construction of the adjacent university buildings.

In the wider surroundings the docks slowly grew with depots, railway sidings and warehouses serving them,
before being demolished to make way for the more recent development at the turn of the century.

4.7 Preliminary Risk Assessment (Contamination)

The following section provides a Preliminary Risk Assessment (PRA) of contamination at the site, and develops
an initial Conceptual Site Model (CSM) to establish whether there are any potentially unacceptable risks
associated with proposed development at the site.

The CSM provides a method to characterise potential site risks, by outlining potential sources of contamination,
identifying potential receptors that may be impacted, and determining potential pathways by which sources may
affect receptors.

The following preliminary CSM has been derived from an assessment of the sites environmental setting, site
history, and review of previous reports.

The Risk Assessment Methodology and Definitions are set out in Appendix D to this report.

4.7.1 Potential Sources of Contamination

The potential contaminants described below have been identified from a study of the site history. The principal
contaminative sources are as follows:

On-site

= Made ground from land reclamation (heavy metals, hydrocarbons, organics, ground gas);
= Railway sidings (heavy metals, hydrocarbons, organics, asbestos);
»  Depots (Heavy metal, hydrocarbons, organics);

Off-site

= Railway Sidings (heavy metals, hydrocarbons, organics, asbestos);

= Depots (heavy metals, hydrocarbons, organics, asbestos);

= Factories (heavy metals, hydrocarbons, organics);

= Infilled ground ((heavy metals, hydrocarbons, organics, ground gas).

4.7.2 Potential Receptors

The following potential receptors have been identified, based on the proposed development of the site for
residential purposes:

= Ground workers and construction workers;
= Future site users;

= Groundwater (Minor Aquifer);

= Building materials

18316-GCA-1 15
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4.7.3 Preliminary Conceptual Site Model (CSM)

The potential key contaminative substances, potential receptors and possible pathways are set out in the table
below, assuming a worst-case scenario.

The preliminary CSM will be used to target the require site investigation and will be developed and refined, based
on the results of the site investigation.
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5 Ground Investigation Works

5.1 General

A ground investigation was undertaken by Terra Firma (South) after being scoped by Jubb. The ground
investigation comprised window sampling, dynamic probing and trial pitting. The site works were carried out
between the dates 4 to 5 November 2020.

The site investigation works comprised:

e 5no0. machine excavated trial pits down to a maximum depth of 2.3m bgl.
e 6 no window sample boreholes down to a maximum depth of 5m bgl.

Deeper cable percussion boreholes were proposed but due to the close proximity and reliance of the deeper
boreholes carried out as part of the ground investigation for the SA1 development, this was deemed sufficient.

The exploratory hole locations were decided by Jubb, based on the outline of the development proposal, with
holes being moved accordingly with regards to site constraints at the time of the siteworks.

The exploratory hole locations were checked for buried services prior to excavation and each location was
scanned by Terra Firma using a cable avoidance tool (CAT).

Representative soil sampling of each stratum was undertaken to allow geotechnical and chemical testing.
The factual ground investigation works are detailed in the following report:
- Terra Firma Factual Ground Investigation Report, Report No. 6244, dated December 2020.

5.1.1 Window Sample/Dynamic Probe Holes

Six window sample holes (WS1 to WS6) were drilled to depths of up to 5m. Disturbed samples were taken at
close intervals during boring in order to give a comprehensive record of strata encountered. SPT's were carried
out at regular intervals during drilling to allow an assessment of in-situ density or stiffness of the ground. Where
strata allowed, undisturbed samples were collected on which to perform geotechnical laboratory tests.

5.1.2 Trial Pits

Five trial pits (TP1 to TP5) were excavated using a 13-tonne tracked excavator and extended to depths of between
0.9m and 2.1m below existing ground levels. After detailed examination, measurement and sampling, the
excavations were backfilled with arisings and compacted in layers using the machines bucket.

5.1.3 Plate Bearing Tests

Four plate bearing tests were carried out and ground surface level to determine in-situ CBR results. A 300mm
plate was used and reaction from the mechanical excavator was used as kentledge.

5.2 Exploration Sampling Strategy

A site walkover was undertaken by Jubb prior to the site investigation, and the existing site conditions were
inspected. This walkover, in combination with the review of site history and previous ground investigation that
had taken place on the site previously, allowed the investigation to be targeted as follows:

Exploratory Hole Notes/Rational

Window samples were positioned for general site coverage and
WS1 to WS6 sampling of made ground and shallow superficial deposits, and to
allow installation of monitoring of groundwater and ground gas.
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Exploratory Hole Notes/Rational

Trial pits were positioned for general site coverage and sampling of

any made ground and shallow superficial deposits.
TP1to TP5

TP1 and TPS were positioned to try and intersect the buried historical
dock wall.
Table 3: Sampling Strategy

The sampling strategy was based on obtaining sufficient samples from across the site. Relevant samples were
submitted for a general 'brownfield’ suite of testing, determinants as detailed below.

Suite Determinants

As, Cd, Cr, Cu, Pb, Ni, Se, V, Zn, Hg, pH, B, Cr(lll), Cr(IV), PAH's and
Speciated Hydrocarbons (C10-C40), TOC and Asbestos screening

Contamination Suite
Table 4: Contamination Suite

5.3 Geotechnical Testing

An initial phase of geotechnical testing was carried out by 12 Analytical Ltd in accordance with BS1377: Methods
of test for soils for civil engineering purposes, as listed in the table below.

No. of Tests Test Test Method
Classification Tests
3 Liquid and plastic (Atterberg) limits. BS1377: Part 2.
6 Particle Size Distribution Sieving BS1377: Part 2.
Compaction Tests
2 Dry Density/OMC with 2.5kg rammer BS1377: Part 4
Chemical Test: Soil

6 Water soluble sulphate, total (acid BRESD1
soluble) sulphate and total sulphur
contents and pH value.

Table 5: Geotechnical Testing
5.4 Contamination Testing

The geo-environmental testing was carried out by Eurofins Chemtest Ltd, a UKAS and MCERTS accredited
laboratory. Sub-samples were taken from the exploratory holes and placed in appropriate environmental
containers before being sent by courier to the laboratory in cool boxes. The number of soil and leachate samples
tested are summarised in the table below:

Exploratory Hole Depth (mbgl) Stratum Analysis Undertaken

TP2 0.5 Made Ground Brownfield
Contamination Suite
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TP3

TP4

TP5

WS1

WS2

WS5

WS4

Table 6: Soil Contamination Testing
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6 Ground Conditions

6.1 Ground Conditions Encountered

The ground conditions encountered during this phase of works are summarised in the table below:

Typical Depth
Encountered depth to range to Average
Description Stratum in top of base of thickness
stratum stratum (m)
(m bgl) (m bgl)
. MADE All
Dense dark grey silty sandy GRAVEL Exploratory GL 1.0-21 15
GROUND
Holes
Loose light brown silty gravelly SAND, with MARINE TP2, TP3, 1.0-21 >50 40
bands of dark grey sandy silt. DEPOSITS WS4 & WS6 o ' '

Table 7: Ground Conditions Summary

The previous ground investigation on the adjacent site, comprised deeper boreholes and disclosed the following
ground conditions.

Typical Typical
Encountered depth to depth to Average

Description Stratum in top of base of thickness
stratum stratum (m)
(m bgl) (m bgl)
MADE All
Grey sandy GRAVEL. Exploratory GL >5.0-8.5 6.1
GROUND
Holes
Grey to brown silty sandy GRAVEL and MARINE All Deep
gravelly SAND DEPOSITS Boreholes 8.5 188-200 115
SOUTH
Strong dark grey MUDSTONE WALES COAL RH:E'RHZS & 18.8-20.0 - -
MEASURES

Table 8: Summary of ground conditions from previous G/

6.1.1 Made ground

Made ground was encountered in all of the exploratory holes and generally comprised a dark grey silty sandy
gravel, comprising ash, slag and crushed concrete. A number of the trial pits and window sample holes refused
upon concrete cobbles or in-situ slabs, which are likely floor slabs or foundations from historical structures that
once were located on the site. The made ground was penetrated in four of the holes with a maximum made
ground thickness of 2.1m being recorded in WS5.

The adjacent ground investigation recorded made ground to depths of up to 8.5m, so it is likely the underlying
deposits that have been logged as natural deposits is possible made ground.

The previous report states the uncertainty in the labelling of the made ground as follows:

From around 1.0mbgl the Made Ground presents as a light brown slightly silty, gravelly sand with rounded cobbles
of various lithologies and shell fragments. Significant obstructions (cobbles and boulders) were encountered during
drilling. The precise depth of the Made Ground is uncertain. Whilst its depth is estimated to range from 6.5 mto 8.7
m, definitive evidence of anthropogenic inclusions has been observed to significantly lesser depths ranging from
1.75m (at WS2) to 5.5 m (at CP5). The interpretation of Made Ground below these depths is therefore speculative
and this is indicated on the logs by the use of the prefix terms “possible” and “probable”.
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6.1.2 Marine Deposits

As mentioned above, beneath the dense made ground gravel layer was a loose light brown gravelly sand, which
could quite easily be made ground (i.e. reclaimed land) as was labelled in the adjacent ground investigation
report. This was mixed with layers of soft grey sandy silt.

The deeper Marine Deposits encountered from depths of >7m bgl in the adjacent ground investigation, generally
comprised a mix of sand, gravel and cobbles, with layers of stiff clay.

6.1.3 South Wales Coal Measures

The underlying bedrock was not encountered during this phase of works, but the surrounding ground investigation
comprised deeper boreholes which encountered the bedrock at depths between 18mbgl and 20mbgl, and
generally comprised very weak to medium strong mudstone.

6.2 Groundwater

Groundwater was not recorded in any of the trial pits during the ground investigation works, whereas a
groundwater strike was recorded in WS5 at 2.5m below ground level within the loose shallow marine deposits
and at depth of 2.0m in WS4, with it rising to 1.9m bgl after 20 minutes.

The previous surrounding ground investigation recorded frequent shallow groundwater within the made ground,
with levels of between 1.1m and 2.7m recorded in the shallow groundwater wells, with a deeper groundwater
level of between 4m and 6m recorded.

Groundwater monitoring standpipes were installed in three of the window sample holes and three fortnightly
monitoring visits were undertaken. The type of installation and results of the monitoring visits are shown in the
tables below.

Borehole ID Groundwater Depth Installation depth Reported response
(mbgl) (mbgl) zone (mbgl)
WS4 2.0 2.5 1.0-2.5
WS5 2.5 35 1.0-35
WS6 Dry 1.0 0.5-1.0

Table 9: Monitoring Well Installation Summary

Exploratory Hole Groundwater Depth(mbgl)
10/11/20 24/11/20 9/12/20
WS4 Dry Dry Dry
WS5 2.8m Dry Dry
WS6 Dry Dry Dry

Table 10: Groundwater Monitoring Summary

No groundwater was recorded in any of the groundwater standpipes during the monitoring period, with the
exception of WS5, which recorded a groundwater level at 2.8m below ground level on the first visit.

The groundwater visits were carried out over both high and low tides, so it appears this shallow groundwater
level is not affected by the tides.

6.3 Historic Dock Wall

Trial pits TP1 and TP5 were positioned to try and intersect the historic dock wall that is known to run under the
site. Both pits encountered what is believed to be the dock wall at depths of around 1.4m and 1.5m below ground
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level, with TP1 showing a brick wall on top of one section. The thickness of the wall was not ascertained due to
the amount of obstructions within the fill.

18316-GCA-1 24





Box Village

7 Material Properties

7.1 Made Ground

7.1.1 Classification Properties

Kier

SPT testing carried out within the made ground, recorded SPT N values of between 10 and >50, with >50 values
usually as aresult of SPT refusal on obstructions within the made ground. When removing the refusals the SPT
N values ranged between 10 and 21 with an average of 16 and lower quartile value of 14.

Particle size testing was carried out on the granular made ground and the results are summarised below and
plotted on the PSD curve shown in Figure 2.

Particle Size

Cobbles
Gravel
Sand
Silt/Clay

Minimum %

0

51.3
12.9
5.5

Table 11: Particle size distribution testing

oo

B0

Parcentage Passing (%)

=

OO0

Figure 2: PSD Curves for Made Ground
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Maximum %

125
69.4
36.9
15.2

m

Average %
4
59
26
11

00

Based on the average particle size distribution the granular made ground can be classified as clayey very sandy
GRAVEL with occasional cobble and boulder content.

The made ground contained cohesive layers with which two plasticity were carried out and are plotted in the
figure below and summarised in the Table 12.
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Figure 3: A Line Plot
Minimum Maximum Average
Natural Moisture
Content 11.6 12.4 12
Liquid Limit 32 39 35
Plastic Limit 21 24 22
Plasticity Index 11 15 13

Table 12: Summary of Atterberg Limit Tests for Made Ground

The clay is described as very gravelly and when modified for material passing the 0.0425mm sieve comprised a
low plasticity clay with low volume change potential.

The made ground generally comprised granular material and although some cohesive pockets were present the
bulk of the material was granular and this is what the following material properties are based on.

Table 13: Geotechnical Characteristics

Characteristic Property Symbol
Angle of Shearing Resistance (0]
Unit Weight Y
Modulus of Elasticity E

Units Characteristic Source
Values
Degrees 31 1
kPa 18 2
MPa 12 3

1. Peck, Hanson and Thornburn, Foundation Engineering, 2nd ed., 1974, John Wiley and Sons Based on N=14
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2. BS8002:2015 Characteristic value for gravel.
3. Bowles, (Foundation Analysis and Design). E = 600(N + 6) for N < 15 based on N = 14.

7.2  Shallow Marine Deposits

The shallow marine deposits likely represent the Beach and Tidal Deposits, as SPT N values in this stratum
generally only ranged between 3 and 6, with an average N value of 5 and a lower quartile N value of 4.

The SPT N values are plotted on the figure below and show the material to be loose in density with the silt bands
likely to be soft.

O 5and

ST N Vahie

Figure 4: SPT N Values v Depth

Three particle size distribution tests were carried out on this material and the results are summarised in the table
below and plotted as PSD curves in Figure 4.

Particle Size Minimum % Maximum % Average %
Cobbles 0 3.2 1
Gravel 30.1 44.3 37
Sand 41.8 49.3 45
Silt/Clay 11.9 20.5 16

Table 14: PSD Summary of Marine Deposits
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Figure 5: PSD Curves of Marine Deposits
Based on the PSD test the granular material can be classified as silty very gravelly SAND with occasional cobbles.

One plasticity index test was carried out on the cohesive portion of the deposit with the result shown below and
plotted in Figure 3 above:

Natural Moisture
Content Liquid Limit Plastic Limit Plasticity Index

241 33 20 13
Table 15: Plasticity Index Test Summary for Marine Deposits

The cohesive bands have low plasticity and based on a correlation of 5.8*SPT N value gives and undrained shear
strength of 23kPa based on the lower value obtained.

The following characteristic properties should be used for the cohesive and granular portions of the shallow
marine deposits:

Table 16: Characteristic Properties for Shallow Marine Deposits

Characteristic Property Symbol Units Characteristic Source
Values
Granular
Angle of Shearing Resistance (4] Degrees 28 1
Unit Weight 94 kN/m?3 18 2
Modulus of Elasticity E MPa 6.6 3
Cohesive
Angle of Shearing Resistance (0] Degrees 30 2
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Characteristic Property Symbol Units Characteristic Source
Values
Unit Weight v kN/m? 17 2
Undrained shear strength Cu kPa 20 4

Coefficient of Compressibility
M, M2/MN 0.337 5
(Cohesive))

Peck, Hanson and Thornburn, Foundation Engineering, 2nd ed., 1974, John Wiley and Sons. N =5.

BS 8002: 2015

Bowles, (Foundation Analysis and Design). E =600(N + 6) for N < 15 based on N = 5.

Stroud and Butler, The Standard Penetration Test and the Engineering Properties of Glacial Materials, 1975 Conf. of the Midlands
Geotechnical Society. Suggested trendline Cu =5.8/N

5. Stroud, M. A, The standard penetration test in insensitive clays and soft rocks, Proc. Europ. Symp. Pen. Testing, Stockholm, 1974
and surrounding Gl information.

=

7.3 Deeper Marine Deposits

This investigation did not explore the deeper geology, but the ground investigation for the adjacent SA1 site did,
with the below figure showing the SPT N values versus depth plot. As can be seen, generally from between 8m
to 10m below ground level there is a marked increase in density, indicated by the rise in N value. This likely
represents underlying granular glacial deposits, but for the purpose of this report have called them deeper marine
deposits.

)
o
E .l
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= ]
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@
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AT N Walue

Figure 6: SPT v Depth plot for Adjacent SA1 Ground Investigation

For the deeper granular deposits the SPT N values vary from 24 to >50, with an average of 42 (when 50 used as
maximum refusal value). Based on this the following material properties should be used for the deeper granular
deposits:
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Table 17: Characteristic Material Properties for Deeper Marine Deposits.

Characteristic Property Symbol Units Characteristic Source
Values
Angle of Shearing Resistance (4] Degrees 39 1
Unit Weight Y kPa 19 2
Modulus of Elasticity E MPa 22 3

1. Peck, Hanson and Thornburn, Foundation Engineering, 2nd ed., 1974, John Wiley and Sons Based on N=42
2. BS8002:2015 Characteristic value for dense gravel.

3. Bowles, (Foundation Analysis and Design). E (kPa) = 300(N + 6) + 200N for N > 15based on N = 42
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8 Generic Quantitative Risk Assessment (Contamination)

8.1 General

The following comprises a Generic Quantitative Risk Assessment (GQRA) of contamination risk, in accordance
with the methodology set out in Appendix D.

The following updated conceptual model information has been taken from the information obtained in section
4.0 - 5.0 and from the site walkover. Contamination testing carried out during the ground investigation has been
used to supplement the preliminary conceptual model presented in Section 4.0.

8.2 Risks to Human Health

8.2.1 Soils

A summary of the chemical test results and a comparison against the relevant assessment criteria used in this
case, are given in the tables below.

The generic assessment criteria used in this case are generally the LQM/CIEH Suitable 4 Use Levels (S4ULs),
based on minimal or tolerable risk and are intended to be protective of human health. Different criteria are
provided for a variety of land use, and given that the development comprises possible university (used by students
17 and up, no on site residential use, used during typical working hours and hard paved) and shared commercial,
the criteria for “"Commercial and Industrial” has been adopted here.

The exception to this is use of the C4SL levels for Lead, as S4UL are not provided for this substance.

Both the C4SL and S4UL are based on current best practice and reflect the most up to date guidance and
legislation.

In accordance with best practice, individual exceedances of the relevant assessment criteria have been identified
and comment provided where necessary.

The table below summarises the chemical results for metals and semi-metals on site from both phases of
investigation:

Table 18: Summary of Soil Contamination — Metals and Semi Metals

Contaminant C4SL/ Measured 95% Number of
S4UL concentrations UCL*** individual
Source
exceedances
mg/kg mg/kg
Minimum Maximum

Arsenic (mg/kg) 640 S4UL 18 120 - 0/7
Cadmium (mg/kg) 190 S4UL 011 5 - 0/7
Chromium (mg/kg) 8,600 S4UL 14 61 - o/7
Lead (mg/kg) 1,100 C4SL 29 1700 1032 1/7
Mercury (mg/kg) 1,100 S4UL 0.36 091 - 0/7
Selenium (mg/kg) 120,000 S4UL <0.2 0.7 0/7
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Copper (mg/kg) 68,000 S4UL 11 350 - o/7
Nickel (mg/kg) 980 S4UL 19 68 - 0/7
Zinc (mg/kg) 730,000 CIEH 60 6500 - 0/7
Total PAH (mg/kg) - <2.0 92 - 0/7
Total Cyanide (mg/kg) CLEA <0.5 <0.5 - o/7
Phenol (mg/kg) CLEA <0.3 <0.3 - 0/7
Organic Matter (%) - - 0.62 47 - o/7
pH 6-9 - 6.5 10.1 -

° C4SL - Defra, Category 4 Screening Levels

° S4UL - Chartered institute of Environment Health/Land Quality Management, Suitable 4 Use levels.

*95% Upper Confidence Limit (UCL) statistical analysis not undertaken where there are no contaminant exceedances and/or
insufficient number of samples

With the exception of one sample of lead, all of the metals were below the relevant guidelines. One sample of
lead from WS2 at 0.3m recorded an elevated lead result of 1700mg/kg and is classed as an outlier.

A statistical analysis of the lead dataset has been undertaken , when the lead is treated as a single population,
the UCL 95% is calculated as 1032mg/kg which is below the GAC of 1100mg/kg, so may be considered not to
present a significant possibility of significant harm to human health.

Table 19 below summarises the results for speciated PAHs on site.

Table 19: Summary of Soil Contamination — PAHs

Measured
. GAC concentrations 95% l?lur.nt.Jer of
Contaminant Tl Source (mg/kg) UCL* individual
Minimum Maximum exceedances
Naphthalene 460 S4UL <0.01 6.6 - o/7
Acenaphthylene 97000 S4UL <0.01 0.46 - o/7
Acenaphthene 97000 S4UL <0.01 2 - o/7
Fluorene 68000 S4UL <0.01 3.4 - o/7
Phenanthrene 22000 S4UL <0.01 10 - o/7
Anthracene 540000 S4UL <0.01 15 - o/7
Fluoranthene 23000 S4UL <0.01 12 - o/7
Pyrene 54000 S4UL <0.01 11 - 0/7
Benzo(a)anthracene 170 S4UL <0.01 5.6 - 0/7
Chrysene 350 S4UL <0.01 5.7 - o/7
Benzo(b)fluoranthene 44 S4UL <0.01 6.1 - 0/7
Benzo(k)fluoranthene 1200 S4UL <0.01 2.9 - 0/7
Benzo(a)pyrene 35 S4UL <0.01 51 - o/7
Indeno(1,2,3-cd)pyrene 510 S4UL <0.01 3.8 - o/7
Dibenz(a,h)anthracene 3.6 S4UL <0.01 1.3 - 0/7
Benzo(ghi)perylene 4000 S4UL <0.01 4.0 - o/7

Notes:
. C4SL - Defra, Category 4 Screening Levels
° S4UL - Chartered institute of Environment Health/Land Quality Management, Suitable 4 Use levels.

° *95% Upper Confidence Limit (UCL) statistical analysis not undertaken where there are no contaminant exceedances and/or
insufficient number of samples

There were no elevated PAH concentrations recorded in the tested samples.
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Contaminant

VPH Cs-Cg
VPH Cg-Csg
VPH Cg-Cio
EPH Ci0-Ci2
EPH C12-Cis
EPH Ci6-Cn1
EPH C21-Css
VPH Cs-C7
VPH C7-C
VPH Cg-C1g
EPH C19-C12
EPH C12-Cis
EPH Ci6-C21
EPH C21-Css
EPH C35-Cs4

Aliphatic

Aromatic

GAC
(mg/kg)

3,200
7,800
2,000
9,700
59,000
1,600,000
1,600,000
26000
56000
3500
16000
36000
28000
28000
28000

Source

S4UL
S4UL
S4UL
S4UL
S4UL
S4UL
S4UL
S4UL
S4UL
S4UL
S4UL
S4UL
S4UL
S4UL
S4UL

° C4SL - Defra, Category 4 Screening Levels
° S4UL - Chartered institute of Environment Health/Land Quality Management, Suitable 4 Use levels.

° *95% Upper Confidence Limit (UCL) statistical analysis not undertaken where there are no contaminant exceedances and/or

insufficient number of samples

Measured
concentrations
(mg/kg)
Minimum Maximu

m
<10 <10
<10 <10
<10 16.0
<10 3.3
<10 7.4
<10 93.2
<10 -
<10 <10
<10 <10
<10 4.3
<10 6.2
<10 14
<10 48.0
<10 190
<10 14

All of the speciated TPH samples were below the relevant guidelines.

8.2.2 Ground Gas

95%
ucCL*

Number of individual

exceedances

0/7
0/7
0/7
0/7
0/7
0/7
0/7
0/7
o/7
o/7
o/7
o/7
o/7
o/7
o/7

Kier

Gas monitoring wells were installed in three of the boreholes and three fortnightly monitoring visits were carried
out, the results of which are shown in the below table:

Table 20: Gas Monitoring Results

f =
S
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S
WSB
S| WS4
= Ws5
g
WSB
o WS4
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9 WS5
)
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Atmos. Press. (mb)

1022
1022
1022
1008
1008
1008
1004
1004
1004

Max Gas Flow (l/hr)

Water Depth (mbgl)

N
Y o ¥
‘<3'~<

Dry
Dry
Dry
Dry
Dry
Dry

Max Carbon Dioxide

(%/vol)

© o
o

= o o
~ N R

o o o o
R © R R

Max Methane (%/vol)

Max Oxygen (%/vol)

N
= ©
]

205
205
18.2
21.2
20.9
19.2
21.4

The following analysis has been carried out on a 'worst case’ basis (i.e. highest gas flow and concentrations from
any hole). A maximum carbon dioxide concentration of 1.4% was recorded in WS5 with a maximum flow rate of
1.5l/h recorded on the last visit.
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These values equate to a maximum gas screening value (GSV) of 0.021l/hr which is in Characteristic Situation 1
from CIRIA C665 with a very low risk classification.

A maximum methane concentration of 2.6% was recorded on the second monitoring visit from WS4. Based on
the maximum recorded gas flow of 1.5l/h, a maximum gas screening value of 0.039% is obtained which again
equates to a Characteristic Situation 1, very low risk classification. However, as the maximum methane value is
marginally above the 1% and there are potential sources in the vicinity of the site, C665 states consideration
should be given whether to characterise the site as Characteristic Situation 2, and in this case a Characteristic
Situation 2 = low risk classification is deemed more appropriate.

Based on this classification and in accordance with BS8485 2015, the development is likely to fall into a Type B
category (Private or commercial/public, possible multiple occupancy), for which Characteristic Situation 2
requires 3.5 points of protection.

This will comprise a combination of:

= the structural barrier of the floor slab;
= ventilation measures; and
= gas resistant membrane.

Specific details will need to be considered by the structural engineer.

8.2.3 Radon

The site is within an a Lower probability radon area, where less than 1% of the homes are estimated to be or
above the Action Level. No radon protective measures are necessary in the construction of new dwellings or
extensions.

8.2.4 Asbestos

Asbestos identification was carried out on all of the near surface soil samples from within the made ground. No
asbestos was found within any of the samples.

Based on this, it would indicate that asbestos is not widely encountered in site soils and is unlikely to pose a risk
to human health.

8.3 Risk to Controlled Waters

Leachate testing was carried out on one sample, and are summarised in the table below. Determinant values
have been screened against environmental quality standards for freshwater.

Table 21: Summary of Leachate Contamination — Metals and Semi Metals

Measured
concentration Number of
Contaminant (ug/l) EQS Source Leachate individual
exceedances
WS4 at 0.6m
Arsenic (Dissolved) 50 1 68
i 1
Dissolved 81 : <10 i
Copper (Dissolved) 0.05 1 16 1
Mercury (Dissolved) 28 1* <05 0
Nickel (Dissolved) 20 1 3.8 0
Lead (Dissolved) 7.2 1 7.5 1
Zinc (Dissolved) 125 1* 3.7 0
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1.  The River Basin Districts Typology, Standards and Groundwater Threshold Values (Water Framework Directive) (England and

Wales) Directions 2010.

2. *Cuand Zn values based on a hardness of 300 mg/L CaCO3.
There were minor exceedances in the leachate for arsenic, copper and lead.

Table 22: Summary of Leachate Contamination — PAH

Contaminant (ug/l)

Acenaphthene
Acenaphthylene
Anthracene
Benz[a]anthracene
Benzo[a]pyrene
Benzo[b]fluoranthene
Benzo[ghi]perylene
Benzo[k]fluoranthene
Chrysene
Dibenz[ah]anthracene
Fluoranthene
Fluorene
Indeno[123-cd]pyrene
Naphthalene
Phenathrene

Pyrene
Total PAH (ug/l)

a) The Water Framework Directive (Standards and Classification) Directions (England and Wales) 2015 - Freshwater EQS

EQS

0.1 (b)
0.27 (b)
0.017 (b)

0.0082 (b)
0.017 (b)

Measured concentration
Leachate

WS4 at 0.6m

<01
<01
<01
<01
<01
<01
<01
<01
<01
<01
<01
<01
<01
<01
<01
<01
<2.0

Number of individual
exceedances

O O O O O O o o oo oo o oo o o

b)  The Water Framework Directive (Standards and Classification) Directions (England and Wales) 2015 — Table 1 (MAC - Inland

Waters)

As indicated above all of the samples were below the detection limits for individual PAH species

The samples were also analysed for Speciated Petroleum Hydrocarbons and the results are summarised in the

table below:

Table 23: Summary of Groundwater Contamination — Hydrocarbons

Contaminant (ug/l)

TPH CWG
Ali >C5-C6
Ali >C6-C8
Ali >C8-C10
Ali>C10-C12
Ali>C12-C16
Ali >C16-C21
Ali >C21-C35
Total Aliphatic

18316-GCA-1

EQS

15000(c)
300(c)
300(c)
300(c)

10(c)

Measured concentration
Leachate
WS4 at 0.6m

<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<5.0

Number of individual
exceedances

O O O o o o o o o
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Aro >C5-C7 700(c) <0.10 0
Aro >C7-C8 500(c) <0.10 0
Aro >C8-C10 90(c) <0.10 0
Aro >C10-C12 90(c) <0.10 0
Aro >C12-C16 90(c) <0.10 0
Aro >C16-C21 90(c) <0.10 0
Aro >C21-C35 - <0.10 0
Total Aromatic - <5.0 0
Total Ali & Aro - <10 0
BTEX and MTBE 0
Benzene 74 (a) <0.10 0
Toluene 300 (c) <0.10 0
Ethylbenzene 500 (c) <0.10 0
m & p-Xylene - <0.10 0
o-Xylene - <0.10 0
Methyl Tert-Butyl Ether - <0.10 0
Total Phenols 15000(c) <0.10 0
a) The Water Framework Directive (Standards and Classification) Directions (England and Wales) 2015 — Freshwater EQS (long term
mean)
b)  The Water Framework Directive (Standards and Classification) Directions (England and Wales) 2015 — Table 1 (MAC - Inland
Waters)

c) WHO (2008) Hydrocarbons in Drinking Water
There were no exceedances of hydrocarbons.

With the exception of several heavy metals, all determinants are below relevant thresholds. The minor elevations
of lead, copper and arsenic are not considered to be of concern. The EQS thresholds used are for marine or
freshwater, rather than groundwater, and significant dilution of groundwater would likely occur if any migration
to offsite waters was to occur, therefore the minor exceedances are not considered to be significant.

8.4 Risks to Flora and Fauna

No significant risks to flora or fauna have been identified at the site.

Appropriate measures will need to be adopted to ensure any proposed soft landscaping areas are suitable for
plant growth, including suitable importation

8.5 Risk to Building Materials

Refer to section 9.5.

8.6 Risks to Adjacent Land and Third Parties

No significant risk to neighbouring occupiers has been identified.

8.7 Potential Geo-Environmental Liabilities

Potential geo-environmental liabilities under Part 2A of the Environmental Protection Act 1990 (as amended) and

the Groundwater Regulations (GWR) 2009, relating to the site in its current condition is not considered likely
based on the tests data available.
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8.8 Updated Conceptual Site Model

Table 24 below shows the updated conceptual site model, which has been formulated based on the information
obtained in the ground investigation and historic data.

8.9  Off Site Disposal

A waste assessment of the soils in accordance with WM3 has been undertaken, in order to support further
decisions regarding material movement and earthworks at the site. Two of the samples taken from TP2 and TP3
within the made ground, have been classed as ‘Non Hazardous' whereas all the remaining samples are classed
as ‘Hazardous', using HazZWasteOnline.

All of the samples classified as ‘hazardous’ were based on the hazard properties HP7: Carcinogenic and all but
one (WS1 0.2m) as HP14 Ecotoxic, and this was based on elevated zinc and lead levels. All of the samples were
initially classified as potentially hazardous due to hazard property HP3: Flammable, however given the TPH levels
are less than 0.1% it is unlikely at these levels the material would be flammable.

The waste classification reports for each sample tested, are contained in Appendix F.

It should be noted that individual tips might require further analysis prior to the disposal of any material from the
site. Any such requirements should be clarified with the tip prior to any further analysis being undertaken.
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No specific measures are required for protection of human health of end users of the site, providing the site is to
be surfaced with hardstanding throughout

Should soft landscaped areas be required at the site, then a geotextile break layer will be required at interface of
existing Made Ground, and a suitable depth (minimum of 400mm) of clean inert imported materials be provided
as a cap and growing medium.

Typical PPE and good hygiene practices should be observed for groundworkers and construction workers
handling soils.

No specific measures are required for protection of controlled waters.

A piling risk assessment should be completed for any deep foundations (i.e. piles), depending upon final
foundation solution taken forward to detailed design stage.

Basic gas protection measures comprising a combination of the following:

= the structural barrier of the floor slab;
= ventilation measures; and
= gasresistant membrane.
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9 GEOTECHNICAL ASSESSMENT

9.1 Introduction

It is understood that the proposed structure is to comprise a modular building, no anticipated loadings have been
supplied.

9.2 Excavations

Excavations will likely require large tracked excavators with toothed buckets as the top 1m to 2m of the made
ground being dense, with numerous refusals of exploratory holes occurring at shallow depths on obstructions
within the made ground. The obstructions are likely to be former foundations or floor slabs of historical buildings
that have covered the site over time, so the use of a hydraulic breaker will be required to progress through these
obstructions. Over the eastern side of the site, the wall of the former dock runs down through the site, so any
excavations in this location will likely encounter the historical dock wall.

Temporary excavations through the granular made ground will likely be stable in the short term at an angle of
1V:2H.

Groundwater was not encountered in the trial pits during the ground investigation, however, groundwater was
encountered in two of the window samples holes at between 2.0m and 2.5m below ground level within the natural
sand deposits. Based on the adjacent site, groundwater is likely to be at variable depths and will likely occur
within shallow excavations that are left open for any significant amount of time. If groundwater is encountered
in shallow excavations, it will likely to be able to be controlled by traditional de-watering techniques such as
sump and pump techniques in accordance with guidance given in the CIRIA Report C750 Groundwater Control -
design and practice. If deeper excavations are required then, some other form of de-watering technique and
cofferdam strcuture may be required especially if the ground is in continuity with the nearby dock.

9.3 Foundation Options

Shallow foundations are not recommended for the site given the thickness and variable nature of the made
ground. Based on this it is likely that a deep foundation solution such as piles, will be required to transfer the
load of the building into the underlying natural deposits.

Based on the deeper boreholes that were carried out as part of the SA1 development, piles should extend through
the made ground and into the underlying dense natural gravel deposits.

Driven steel tubular piles were used to support the structure on the adjacent site and it is thought that a similar
solution will be used on this site. Given the number of obstructions that were encountered during the site works,
it is likely that pre-drilling or excavating and removal of any obstructions at each pile location will be required, in
order to progress the piling. Piles will also have to be positioned to avoid the historic dock wall that runs down
the eastern side of the site.

A preliminary pile design analysis has been carried out based on the generalised ground conditions found in the
adjacent site.

The properties and parameters used in this assessment have been factored in accordance with BS EN 1997 —
1:2004+A1:2013, with the characteristic resistance values for the base and shaft for driven piles having been
factored by the partial factors of b =1.7 and s = 1.5, which have been used presuming serviceability is verified
by load tests carried out on more than 1% of constructed piles. A model factor of 1.4 has also been used on the
ultimate compressive resistance.
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The table below outlines the allowable working load for a single 240mm diameter steel tubular pile at respective
depths and founded within the natural sand and gravel deposits. The granular made ground has been included
on the calculated skin friction with the base resistance only calculated for the natural deposits.

Toe Level Pile Embedment Design Shaft Design Base Design Compressive
Length in Bearing Resistance (Rs;d) Resistance (Rb;d) Resistance (Rc;d)
(mbgl) Stratum (m)
(kN) (kN) (kN)

5 4 12 - -

10 9 40 320 360

15 14 120 300 420

20 19 240 330 540

Table 25: Preliminary Driven Pile Analysis

The above estimates are for initial appraisal purposes only, and not be used for final design purposes. It is
recommended that definitive values of bearing capacity be obtained from specialist piling contractors, for their
specific piles, and that the piles are designed in accordance with Eurocode 7.

It is recommended that maintained static load testing be carried out on sacrificial piles before the design is
finalised, with the testing ideally proving the ULS design assumptions.

Based on the above it is likely that piles will have to be driven into the underlying denser deep marine deposits
that were encountered from a depth of around 10m. This depth may vary if the marine deposits shelve towards
the sea.

The piling contractors should be made aware for the potential of blowing sands at depth, which caused the
termination of several of the deeper boreholes drilled as part of the adjacent SA1 development.

Any surcharge loads (temporary or permanent) adjacent to the dock wall should be considered by a structural
engineer, although if piles are used in this vicinity this will mitigate the risk as will transfer the superstructure
and floor slab loads to depth.

9.4 Floor Slabs

Given that the made ground that covers the site is greater than 0.6m in thickness and that despite appearing to
be relatively dense in the upper surface, as no information on the compaction of the material exists, then a
suspended floor slab is recommended.

It is understood that the adjacent site, had a ground bearing floor slab, but this required the excavating and
placement of the made ground to a set specification, with the excavation of the material encountering shallow
groundwater.

9.5 Protection of Buried Concrete

The site is classed as brownfield and the groundwater is assumed to be mobile. BRE SD1 testing was carried out
on selected samples and the results are summarised below:
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Location Depth (m) Total Sulphur Total Total 2:1 Water Oxidisable pH
(%) Potential Sulphate (%) Soluble Sulphides
Sulphate (%) Sulphate (%)
(mg/1)
Made Ground
TP4 0.4 0.18 0.54 0.42 510 0.12 9.3
WS2 0.5 0.2 0.6 0.53 500 0.07 9.7
WS6 0.5 0.18 0.54 0.27 23 0.27 8.7

Marine Deposits

TP2 15 0.061 0.183 0.14 78 0.043 8.5
TP3 18 0.05 0.15 0.12 120 0.03 8.2
WS4 35 018 0.54 0.27 220 0.05 8.5

Table 26: Sulphate Testing Summary

A characteristic value for each stratum has been taken as the worst case result, and used to ascertain the
relevant sulphate class for each material. As the amount of oxidizable sulphides is less than 0.3%, it has been
assumed that pyrite is not present therefore the total potential sulphate results have not been included in
ascertaining the classification. Based on Table C2 of the BRE Special Digest 1:2005, the following Design
Sulphate (DS) class and Aggressive Chemical Environment for Concrete classifications for the different stratum
have been obtained.

Made Ground: DS2 AC-2;
Marine Deposits: DS1 AC-1;

The designer should utilise the above classes in order to produce the concrete specification.
9.6 Earthworks

Any earthworks will likely mainly comprise the re-use of the made ground material, which based on PSD testing
classifies the material if used as a general fill, as Class 1A (Well Graded Granular Fill), with one sample classified
as Class 1C (Coarse Granular) due to its cobble content and one as Class 2C (Stoney Cohesive).

The shallow marine deposits also can be classified as Class 1A (Well Graded Granular Fill) with some of the
material that contains over 15% of cohesive material likely to conform to Class 2C (Stoney Cohesive).

If the material is to be excavated and used as a fill to structures, then it is likely that the majority of the granular
material will conform to Class 6N, although the elevated heavy metals may preclude its re-use on site near
finished Llevel.

Compaction tests using a 2.5kg mould were undertaken on two samples from the granular made ground and the
results are summarised in the table below and plotted on the compaction curve in Figure 7:

Exploratory Depth Natural Optimum Max Dry Degree of

Hole No. Moisture Moisture Density Compaction at
Content (%) Content (Mg/m3) Natural MC (%)

TP2 10 ~12 119 1.82 100

TP3 0.5 ~12 10.87 1.87 97

Table 27: Compaction Testing
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Figure 7: Compaction Curve for Made Ground

As the made ground material tested was granular, very little moisture conditioning was required in order for it to
be compacted to its maximum dry density, where values of between 1.82Mg/m? and 1.87Mg/m? were achieved at
an optimum moisture content of 11%.

9.7 Pavement Design

Four plate bearing tests were carried out on the made ground at four locations across the site. The results are
plotted in the figure below.

Applied Pressure kPa
0 200 400 600 800 1000 1200 1400 1600

05 —t— Test 1
—— Test 2
—a—Test3

Testd

Settlement mm

15

Figure 8: Applied Pressure v Settlement Plot

The results show that the in-situ made ground will have a CBR of greater than 15% if left in situ. Where the
material is excavated and recompacted in accordance to the Specification for Highways Works (SHW) Series 600,

18316-GCA-1 44





Box Village Kier

then it likely that a CBR of 15% will be achieved and can be used in the design, providing the material is at least
300mm above ground water.

Laboratory CBR tests were carried out samples taken from the made ground and at the optimum moisture
content of 11% produced average CBR values of between 10% and 14%. Based on this recompacted made ground
material can have a design CBR of around 10% provided it is suitable compacted.

Recompacted made ground achieved low CBR results on the adjacent site, but this was mainly due to the material
containing a high ash and clinker content and high water table. If ash and clinker material is encountered on this
site, then it is likely that the CBR value will drastically reduce.

All formation levels should be proof rolled and any soft spots removed and replaced with a suitable engineered
fill. Any material placed over the buried dock wall could produce hard spots, so any features/structures over this
will need to take this into account.

9.8 Soakaway Design

Soakaway testing was not included in the works, but given the expected relatively high groundwater and thickness
of made ground with elevated heavy metals, soakaways will unlikely be suitable for the site.
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10 GEOTECHNICAL RISK REGISTER

A Geotechnical Risk Register is a method of identifying hazards which may arise during the construction phase of
works based on the data currently obtained for the site. The register is a work in progress and as further
information arises, it should be updated in order to quantify the risk. At this stage, the aspects covered by the
register are attributed to Cost and Health and Safety, although as site works commence, programme may become
a prominent factor.

A Ground Risk Register that was started at the commencement of the ground investigation is contained within
Appendix E .
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APPENDIX B: PROPOSED SITE DEVELOPMENT PLAN
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APPENDIX C: EXPLORATORY HOLE LOCATION PLAN
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APPENDIX D: CONTAMINATION RISK ASSESSMENT METHODOLOGY AND DEFINITIONS
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CONTAMINATION ASSESSMENT METHODOLOGY

The DEFRA and Environment Agency Contaminated Land Report 11 (CLR11) ‘Model Procedures for the
Management of Land Contamination’ provides a technical framework for structured decision making about land
contamination.

Al. Definition of Risk

CLR11 defines risk as “a combination of probability, or frequency, of occurrence of a defined hazard and the
magnitude of the consequences of the occurrence”.

A2. The Concept of the ‘Pollutant Linkage’
In the context of contaminated land, there are three essential elements to any risk:

e acontaminant (or source) — a substance that is in, on or under land and has the potential to cause harm

or cause pollution of controlled waters.

e areceptor - humans, ecological system, water body or property.

e apathway - a route or means by which a receptor can be exposed to, or affected by, a contaminant.
Each of these elements can exist separately; however, they create a risk only where they are linked together
forming a pollutant linkage.

A3. Conceptual Site Models

A conceptual site model represents the characteristics of the site in diagrammatic or written form that shows
the possible relationships between contaminants, pathways and receptors (pollutant linkages).

For all potential pollutant linkages identified, the consequence and probability of occurrence is qualitatively
assessed, and a risk assigned.

A4. The Tiered Risk Assessment Approach
CLR11 presents a tiered approach to risk:

Tier1 Preliminary risk assessment (PRA)
The purpose of the preliminary risk assessment is to develop an initial conceptual model of the site and
to establish whether or not there are potentially unacceptable risks. If potential risks are identified the
initial conceptual model is developed in subsequent tiers of the risk assessment process.

Tier 2 Generic quantitative risk assessment (GQRA)
The purpose of the generic quantitative risk assessment is to establish whether generic assessment
criteria and assumptions are appropriate for assessing the risks and, if so, to apply them to establish
whether there are actual or potential unacceptable risks. It also determines whether further detailed
guantitative risk assessment is required.

Tier 3 Detailed quantitative risk assessment (DQRA)
The purpose of the detailed quantitative risk assessment is to establish and use more detailed site
specific information and criteria to decide whether there are unacceptable risks. It may be used as the
sole method of quantitative assessments of risks, or it may be used to refine earlier assessments using
generic assessment criteria.
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B. RISK ASSESSMENT DEFINITIONS

Bl. General
The following classification and definition of risk assessment has been based on that set out in NHBC and EA
Publication R&D 66 — Guidance on the Safe Development of Housing on Land Affected by Contamination (2008).

Kier

The key to the classification is that the designation of risk is based upon the consideration of both:

a) the magnitude of the potential consequence (i.e. severity), which considers both the potential severity of
the hazard, and the sensitivity of the receptor.

b) the magnitude of probability (i.e. likelihood), which considers both the presence of the hazard, the receptor,
and the integrity of the pathway.

B2. Classification of Consequence

Classification

Definition

Examples

Severe Highly elevated concentrations likely to result in “significant harm” to Significant harm to humans is defined in circular
human health as defined by the EPA 1990, Part 2A, if exposure 01/2006 as death, disease*, serious injury,
occurs. genetic mutation, birth defects or the impairment

. L . . . of reproductive functions.
Equivalent to EA Category 1 pollution incident including persistent
and/or extensive effects on water quality; leading to closure of a Major fish kill in surface water from large spillage
potable abstraction point; major impact on amenity value or major of contaminants from site.
damage to agriculture or commerce.
Highly elevated concentrations of List | and Il
Major damage to aquatic or other ecosystems, which is likely to result substances present in groundwater close to
in a substantial adverse change in its functioning or harm to a species small potable abstraction (high sensitivity).
of special interest that endangers the long-term maintenance of the . . .
population. Explosion, causing building collapse (can also
equate to immediate human health risk if
Catastrophic damage to crops, buildings or property. buildings are occupied).

Medium Elevated concentrations which could result in “significant harm” to Significant harm to humans is defined in circular

human health as defined by the EPA 1990, Part 2A if exposure occurs. 01/2006 as death, disease*, serious injury,
. o . ) o genetic mutation, birth defects or the impairment
Equivalent to EA Category 2 pollution incident including significant of reproductive functions.
effect on water quality; notification required to abstractors; reduction
in amenity value or significant damage to agriculture or commerce. Damage to building rendering it unsafe to occupy
e.g. foundation damage resulting in instability.

Significant damage to aquatic or other ecosystems, which may result
in a substantial adverse change in its functioning or harm to a species Ingress of contaminants through plastic potable
of special interest that may endanger the long-term maintenance of water pipes.
the population.
Significant damage to crops, buildings or property.

Mild Exposure to human health unlikely to lead to “significant harm". Exposure could lead to slight short-term effects

) L ) . n (e.g. mild skin rash).

Equivalent to EA Category 3 pollution incident including minimal or
short lived effect on water quality; marginal effect on amenity value, Surface spalling of concrete.
agriculture or commerce.
Minor or short lived damage to aquatic or other ecosystems, which is
unlikely to result in a substantial adverse change in its functioning or
harm to a species of special interest that would endanger the long-
term maintenance of the population.
Minor damage to crops, buildings or property.

Minor No measurable effect on humans. The loss of plants in a landscaping scheme.

Equivalent to insubstantial pollution incident with no observed effect
on water quality or ecosystems.

Repairable effects of damage to buildings, structures and services.

Discoloration of concrete.

* For these purposes, disease is to be taken to mean an unhealthy condition of the body or a part of it and can include, for example,
cancer, liver dysfunction or extensive skin ailments. Mental dysfunction is included only insofar as it is attributable to the effects of
a pollutant on the body of the person concerned.
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B3. Classification of Probability
Only applies if there is a possibility of a pollutant linkage being present.

Classification

High likelihood

Likely

Low likelihood

Unlikely

Definition

There is pollutant linkage and an event
would appear very likely in the short-term
and almost inevitable over the long-term, or
there is evidence at the receptor of harm or
pollution.

There is pollutant linkage and all the
elements are present and in the right place
which means that it is probable that an
event will occur. Circumstances are such
that an event is not inevitable, but possible
in the short-term and likely over the long-
term.

There s pollutant  linkage  and
circumstances are possible under which an
event could occur.

However, it is by no means certain that even
over a long period such an event would take
place, and is less likely in the shorter term.

There is pollutant  linkage but
circumstances are such that it s
improbable that an event would occur even
in the very long-term.

Kier

Examples

a) Elevated concentrations of toxic contaminants are
present in soils in the top 0.5m in a residential garden.

b) Ground/groundwater contamination could be present
from chemical works, containing a number of USTSs,
having been in operation on the same site for over 50

a) Elevated concentrations of toxic contaminants are present
in soils at depths of 0.5-1.0m in a residential garden, or the
top 0.5m in public open space.

b) Ground/groundwater contamination could be present
from an industrial site containing a UST present between
1970 and 1990. The tank is known to be single skin. There
is no evidence of leakage although there are no records of
integrity tests.

a) Elevated concentrations of toxic contaminants are
present in soils at depths >1m in a residential garden,
or 0.5-1.0m in public open space.

b) Ground/groundwater contamination could be present on a
light industrial unit constructed in the 1990s containing a
UST in operation over the last 10 years - the tank is double
skinned but there is no integrity testing or evidence of
leakage.

a) Elevated concentrations of toxic contaminants are
present below hard standing.

b) Light industrial unit <10 yrs. old containing a double-
skinned UST with annual integrity testing results
available.

Note: A pollution linkage must first be established before probability is classified. If there is no pollution linkage,
then there is no potential risk. If there is no pollution linkage, then there is no need to apply tests for probability
and consequence.

For example, if there is surface contamination and a major aquifer is present at depth, but this major aquifer is
overlain by an aquiclude of significant thickness then there is no pollution linkage and the risks to the major
aquifer are not assessed. The report should identify both the source and the receptor but state that because there
is no linkage there are no potential risks.

B4. The Classification of Risk

Probability

Consequence
Severe Medium Mild Minor
High likelihood _ Moderate risk Low risk
Likely _ Moderate risk Moderate/low risk  Low risk
Low likelihood Moderate risk Moderate/low Low risk Very low risk
risk
Unlikely Moderate/low Low risk Very low risk Very low risk
risk

B5. Description of the Classified Risks
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Very high risk

There is a high probability that severe harm could arise to a designated receptor from an identified hazard at
the site without remediation action OR there is evidence that severe harm to a designated receptor is already
occurring. Realisation of that risk is likely to present a substantial liability to be site owner/or occupier.
Investigation is required as a matter of urgency and remediation works likely to follow in the short-term.

High risk

Harm is likely to arise to a designated receptor from an identified hazard at the site without remediation
action. Realisation of the risk is likely to present a substantial liability to the site owner/or occupier.
Investigation is required as a matter of urgency to clarify the risk. Remediation works may be necessary in
the short-term and are likely over the longer term.

Moderate risk

It is possible that harm could arise to a designated receptor from an identified hazard. However, it is either
relatively unlikely that any such harm would be severe, and if any harm were to occur it is more likely, that
the harm would be relatively mild. Further investigative work is normally required to clarify the risk and to
determine the potential liability to site owner/occupier. Some remediation works may be required in the
longer term.

Low risk

It is possible that harm could arise to a designated receptor from identified hazard, but it is likely at worst,
that this harm if realised would normally be mild. It is unlikely that the site owner/or occupier would face
substantial liabilities from such a risk. Further investigative work (which is likely to be limited) to clarify the
risk may be required. Any subsequent remediation works are likely to be relatively limited.

Very low risk
It is a low possibility that harm could arise to a designated receptor, but it is likely at worst, that this harm if
realised would normally be mild or minor.

No potential risk
There is no potential risk if no pollution linkage has been established.

B6. Definitions

Term Definition

Hazard A property or situation which in certain circumstances could lead to harm. The
properties of different hazards must be assessed in relation to their potential to
affect the various receptors.

Risk A combination of the probability or frequency of the occurrences of a defined hazard
AND the magnitude of the consequences of that occurrence.

Probability The mathematical expression of the chance of a particular event in a given period of
time [e.g. probability of 0.2 is equivalent to 20% or a 1 in 5 chance].

Impact The adverse effects (or harm) arising from a defined hazard which impairs the quality
of the environment or human health in the short or longer term.

Pollution An identified pathway is capable of exposing a receptor to a contaminant and that

linkage contaminant is capable of harming the receptor.
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APPENDIX E: INTEGRATED PROJECT RISK REGISTER
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