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Introduction
This section details the geological and known contamination conditions beneath the development
area. The potential environmental impact of the proposed development with respect to contamination issues is outlined together with proposed techniques that will be adopted to identify and quantify
risks and to implement appropriate mitigation measures where required to satisfy current and future
legislation.
The site is predominantly comprised of brownfield land that has been subjected to two primary uses,
namely: • BtEf facility – former Royal Navy Armament Depot;
• Waterston Eco Park – Gulf Oil Refinery.
Both of the sites have been subjected to several phases of historical site investigation and various
levels of decommissioning and remediation.
In the case of the Gulf Refinery, remediation works were regulated by the Environment Agency and
completion certificates were produced.
In the case of the former RNAD site, decommissioning involved the complete removal of all residues,
prior to hand over to subsequent owners, and finally to Pembrokeshire County Council.
Further site investigations will be undertaken prior to construction of the development to supplement
the data that is currently available and to enable detailed risk assessments to be carried out that will
inform the risk mitigation techniques that need to be implemented. As suggested within the pre-application consultation response received from Natural Resources Wales (NRW), which has been
included in the consultation report provided with the submission, Egnedol will agree the scope and
nature of these investigations with the Regulatory Authorities prior to commencement of the works,
and expect standard contaminated land conditions to be included in any Planning Permission that is
granted for the development.
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Relevant Legislation
Baseline conditions have been assessed with reference to the following legislation and guidance:• Town and Country Planning Act (Environmental Impact Assessment)
(England and Wales) Regulations 1999;
• Environmental Protection Act (1990), updated 2012;
• Contaminated Land Regulations (2006);
• Construction (Health, Safety and Welfare) Regulations (1996);
• British Standard BSI 6031 (1981) – ‘Code of Practice for Earthworks;
• CLR 11 – Model Procedures for the Management of Land Contamination;
• Environment Agency GPLC2 document;
• Planning Policy Statement 23 (PPS23) Planning and Pollution Control.
The scoping report which was prepared for the development was submitted to the Local Authority
and Natural Resources Wales. Comments received from the Local Authority and NRW with respect
to contaminated land are summarised below: • The conceptual model needs to be included in the EIA along with a final conceptual site model
based on findings of site investigations;
• Reference relevant guidance referred to including CLR11: Model Procedures for the Management
of Land Contamination;
• All reports listed within the Scoping Report must be included in full in the EIA;
• All results from previous surveys must be compared against current guidance.
This section of the EIA includes a preliminary and refined conceptual model.
A site investigation, assessment and remediation strategy will be required and implemented prior to
the commencement of development.
Historical reports compiled for the development area are included in Volume 3 of the EIA and
have been summarised below as requested in the scoping response. Due to the age of the reports
and data, the results have not been compared to current standards as a new investigation prior to
commencement is anticipated as outlined above.
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Historical Report Summary
A summary of the historical reports that provide contamination and geotechnical data for the site is
provided below and copies are contained in Volume 3.
Blackbridge
• RPS Explosives – Engineering team desk study
• Quantum – Factual report for proposed bio fuels plant at the former RNAD
> Appendix 1– Plans
> Appendix 2 – Rotary borehole engineer logs
> Appendix 3 – Geophysical survey
> Annex A – Electrical resistivity test results
> Annex B – Thermal conductivity test results
> Appendix 4 – Water and gas monitoring results
> Appendix 5 – Soil rock and water testing
• Fugro uniaxial compressive strength of rock test, youngs modules and poisons ratio
• BAE explosive residue tests
• Alcontrol geochemical analysis
• Channel improvement research – report on marine boreholes
• Channel improvement research – report on geophysical survey
• Pembrokeshire County Council Asbestos building register
• Barnwood – Asbestos survey
• Core Surveys ltd asbestos survey
• Barnwood – Lead investigation
• RNAD (explosive) Decontamination report – includes certificate of explosive clearance
• Barnwood Group – Minor investigation into possible soil contamination at RNAD
• Structural overview – proposed demolition of buildings
• A3 – Atkins sourced information
• Geostrata site investigation
• Factual report on ground investigation
• Soils investigation – Foreshore of RNAD
> Appendix 2 – Penetration tests
• Dissipation tests
> Appendix 3 – Lab testing
• Particle size distribution
• Atterberg limits
• Plasticity chart
• Tri-axial compression tests
> Appendix 4 – Lab test procedures
> Appendix 5 – References
> Appendix 6 – Equipment data sheets
• Static cone penetrator testing report

Waterston
• Hyder – Contaminated Land Review
Historical Contamination testing for Blackbridge is summarised on pages 249 - 330 and 749 - 755 of
The Blackbridge Site Date Information in Appendix 3.2.
Details of historcial chemical testing at Waterston are not available, however a report from Hyder
outlining a Contaminated Land Review undertaken for the Waterston site is also included within
Appendix 3.2. The review includes a certificate confirming completion of a remediation strategy for
the site. The Hyder report is also included in Appendix 3.2.
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Assessment Criteria
The assessment has been conducted with a clear understanding of: •
•
•
•
•

Previous land use;
Ground conditions;
Sensitivity to change;
Magnitude of change;
Mitigating measures to reduce potential impacts from the proposed development.

Significance is definable by assessing the relationship between magnitude or severity of an impact
and the sensitivity, importance or value of the affected receptor.
The magnitude of an impact is usually quantifiable, whereas the sensitivity, importance or value of a
receptor may be legislatively controlled or determined by the number of receptors affected.
The determination of significance should also consider: •
•
•
•
•
•
•

Extent and magnitude of the impact;
Type of impact: beneficial versus adverse;
Duration of the impact (short- versus long-term; permanent versus temporary);
Nature of the impact (direct versus indirect; reversible versus irreversible);
Interaction of the impact (isolated or cumulative);
Environmental quality standards and pollution control thresholds;
Environmental policy and planning.

The following ‘Significance Matrix’ in Table 7.1 has therefore been designed with the aforementioned
factors in mind.
Criteria

Type of Impact

Definition

Major Impact

Adverse

A permanent or long term adverse impact on the integrity and value of an environmental attribute or receptor,
exposure to acutely toxic contaminants. For example, harm to human
health, designated habitats or pollution to controlled waters.

Beneficial

Large scale or major improvement of resource quality; extensive restoration or enhancement;
major improvement of attribute quality.

Adverse

An adverse impact on the integrity and/or value of an environmental attribute or receptor, but recovery is
possible in the medium term and no permanent impacts are predicted.

Moderate Impact

Beneficial
Minor Impact

Negligible Impact

Benefit to, or addition of, key characteristics, features, or elements or improvement of attribute quality.

Adverse

An adverse impact on the value of an environmental attribute or receptor, but recovery is expected in the
short-term and there would be no impact on its integrity. For example, temporary effects on receptors not
designated under environmental legislation.

Beneficial

Minor benefit to, or addition of key characteristics, features or elements; some beneficial impact on attribute
or a reduction in the risk of a negative impact occurring.

None

No impact would be detectable, either positive or negative.

Table 7.1: Significance matrix
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The potential for risks to human health have been assessed in the context of a Generic Quantitative
Risk Assessment (GQRA) using the source-pathway-receptor ideology to develop a Site Conceptual
Model (SCM).
The potential sensitivity of receptors that may be at risk from residual contamination has been
assessed by considering the following factors: •
•
•
•
•
•

7.4

Anticipated contamination type and source;
Surrounding land use;
Type of construction operations;
Ecological sensitivity;
Ground conditions (geology, soil type and hydrogeology);
Hydrology.

Baseline Conditions
Baseline conditions for the site geology, hydrology and hydrogeology have been assessed using the
following resources: • Historical site Investigation data;
• Details of previous remediation works;
• GroundSure Reports: –
> EnviroInsight;
> GeoInsight;
> Historical Maps.
• Environment Agency website: ‘What’s in Your Backyard’?

7.5

Site History
In terms of land use history, the site can be described as three distinct parcels, as follows: • Former Royal Navy Armament Depot (RNAD) – The BtEf land at Blackbridge;
• Former Gulf Oil Refinery – The Waterston Eco Park;
• Previously undeveloped land – The Blackbridge Eco Park and Service Route (heat main, conveyor, etc.).
Historical maps for the development site and surrounding area have been obtained and reviewed.
The available historical maps for the site are contained in Volume 3 and a summary of the key
features is provided below under the three former land use categories described above.

7.5.1

Former Royal Navy Armament Depot (RNAD) – Blackbridge BtEf

1862–1864

This map shows the Blackbridge site when it was completely undeveloped. The shoreline is
depicted at the base on the existing cliff, which now lies to the north of the present day
development platform.

1906

The 1906 map shows the first phase of development at the Blackbridge site, where infilling of land
had occurred to create the flat development platform and revetment which form the present day site.
The pier had also been constructed. A mineral railway had been established leading from the pier
across the Castle Pill, presumably via the swing bridge, which remains on site to the present day.
There are additional notes on the map designating an Oil and Manure works adjacent to the jetty and
an Old Quarry around the location of the present day Reservoir. The oil and manure works relates
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to fish oil and the practice at that time of using fish waste as manure for land. Clearings and small
buildings are also depicted in the area north of the jetty adjacent to the cliff face.
1937–1939

The site remained unchanged from that depicted in 1906, with the only notable addition being a
mention of shipbreaking at the mouth of castle pill, adjacent to the swingbridge.

1948

The 1948 map shows the construction of several large buildings which are in the locations associated
with the former Royal Naval Armament Depot, a number of which remain on site to the present day.
Further infilling and levelling work had been undertaken to create a flat development plateau. The
reservoir to the North-East of the Blackbridge site is shown for the first time, in the location of the
historic Quarry depicted in the 1906 map. A clear pathway is visible along the foreshore to the east
of the jetty.

1964–1994

All maps between this period show the Blackbridge site as being blank. No buildings or infrastructure
were marked on the maps and consequently any changes to the site during that period are unknown.

2002

The site is shown with all buildings that were present in the map of 1948. Some small additional
buildings had been constructed to the east of the site.

2010–2014

The 2010 and 2014 ordnance survey maps show that several buildings to the east of the Blackbridge
site had been demolished.
The site remained unchanged between 2014 and the purchase of the site by Egnedol.

7.5.2

Former gulf Oil Refinery – Waterston Eco Park

1864

The residential settlement of Waterston is shown with several dwellings, a smithy, wells and a saw
pit. Settlements of Castle Hall and Blackbridge are shown to the west together with a farm at Newton
to the South.

1906

A Quarry is shown next to the dwelling at Newton to the south of the site. The village of Waterston
had expanded with clearly defined roads to the east, west and north. A school was also present to
the north-east of the village with a Methodist chapel to the south.

1948

The Quarry at Newton was no longer shown on the plans, otherwise no major changes are evident.

1964

No major changes were evident.

1970

The Gulf Oil Refinery was constructed to the South of Waterston, with operations commencing in
1968. The site included a railway entering the site from the north and a Railway siding, which is still
present on the site. The site contained storage tanks. Administration buildings were shown which
are still present today. The village of Waterston appears to have remained the same as that shown
in 1948.
Further expansion had taken place at the Oil Refinery, with additional storage tanks being located
to the south west of the development. A pumping station was shown adjacent to the Northern
Boundary of the refinery site for the first time. The village of Waterston appeared to be unchanged.

1994

Further expansion had taken place at the Oil Refinery site, this time on the western side of the site.
Four large storage tanks are shown in addition to a reservoir in this location. The Waterston Industrial
Estate to the west of the village was shown for the first time.
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2002

The Waterston Industrial Estate to the west of the village had expanded. The Gulf Oil Refinery closed
in 1997 and was acquired by Petroplus International is 1998. In 2002, the site was sold to Dragon LNG
for the development of a Liquid Natural Gas Import Terminal. No other major changes are evident.

2010

In 2005, Bosicor purchased the former Gulf Refinery facilities to ground level and the Refinery was
dismantled between 2007 and 2011. In 2006, SEM logistics (SEM Group) acquired the Petroplus Tank
Storage Site. In 2007, the refinery and tank storage site were separated and the refinery passed to
4Gas, the Welsh Government then purchased the 4Gas site in 2012.
The 2010 map shows two further large storage tanks constructed to the south of the SEM site in
addition to some new small buildings or infrastructure. The village of Waterston appears unchanged.

2014

The former Gulf Oil Refinery had been removed and additional roads had been constructed around
the SEM tanks first shown in 2010. The village of Waterston appeared to be unchanged.

7.5.3

Previously undeveloped land – Blackbridge Eco Park and Service Route.
The land that will be occupied by the Blackbridge Eco Park and the service route between the
BtEf and the Waterston Eco Park has served in the past as an infrastructure corridor and security
buffer zone.
Buried concrete reservoirs were constructed in the field that will be occupied by the Blackbridge Eco
Park during the period of operation of the RNAD site. We understand from local enquiry that these
tanks provided fire suppression water to the former use of the RNAD site.
An existing access road is present along the corridor of the proposed heat main and conveyor that will
link the BtEf to the Waterston Eco Park. The track is first shown on historic maps from 1970.

7.6

Environmentally Sensitive Receptors
Planning Policy Statement (PPS) 23 ‘Planning and Pollution Control’ requires individual planning application assessments to take into account the potential sensitivity of the area to adverse effects from
pollution, including nature conservation interests such as Sites of Special Scientific Interest (SSSI’s),
National Parks, Areas of Outstanding Natural Beauty (AONB’s), Special Areas of Conservation (SAC),
Special Protection Areas (SPA’s) and RAMSAR sites.
The site lies immediately adjacent to the Pembrokeshire Marine Special Area of Conservation (SAC)
and the Milford Haven Waterway Site of Special Scientific Interest (SSSI).
The Pembrokeshire Marine SAC Register Entry lists the qualifying features of the SAC as: •
•
•
•
•
•
•
•
•
•

Lagoons (Coastal Lagoons);
Allis shad (Alosa alosa);
Twaite shad (Alosa fallax);
Atlantic salt meadows (Glauco-Puccinellietalia maritimae);
Estuaries (Estuaries);
Grey seal (Halichoerus grypus);
River lamprey (Lampetra fluviatilis);
Shallow inlets and other bays (Large shallow inlets and bays);
Otter (Lutra lutra);
Intertidal mudflats and sandflats (Mudflats and sandflats not covered by seawater at low tide);
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Sea lamprey (Petromyzon marinus);
Reefs;
Subtidal sandbanks (Sandbanks which are slightly covered by seawater all the time);
Sea caves (Submerged or partially submerged sea caves);
Shore dock (Rumex rupestris).

The Milford Haven Waterway SSSI covers an area of approximately 2,000 hectares and is of special
interest due to its ‘geology, ancient woodland, marine biology, saltmarsh, swamp, saline lagoons, rare
and scarce plants and invertebrates, nationally important numbers of migratory waterfowl, greater
and lesser horseshoe bats (Rhinolophus ferrumequinum and R. hipposideros), and otter (Lutra lutra)
(CCW, 2002).
The site is also located within 2km of the Pembrokeshire Coast National Park, a protected coastal
landscape covering approximately 62,000 hectares.

7.7

Geology
Review of historical maps and ground investigations indicate the presence of Made Ground at the
BtEf site and at the Waterston Eco Park.
At the BtEf, the development platform is formed from made ground created from the excavations of
adjacent land. The made ground at the Waterston Eco Park was formed by regarding of soils to create
a level development platform.
The naturally occurring superficial geology of the site comprises Tidal Flat Deposits (Quaternary age)
of sand, silt and clay. The bedrock underlying the majority of the site comprises sandstone of the
Cosheston Group (Early Devonian Age) or Milford Haven Group – Argillaceous Rocks and Sandstone,
Interbedded.
The British Geological Survey (BGS) Lexicon of Named Rock Units describes the Cosheston Group
sandstones as being grey-green very fine to coarse-grained. The Lexicon describes the Milford
Haven Group as hard, red calcareous marls with sporadic red and green sandstones. Basal beds
of green marl, conglomerate and breccia are also present. (Correlative of Milford Haven Group-Red
Marl Group).
Notable structural features include normal faulting (inferred) trending east to west.
The site is shown to be in a Radon Affected Area where between 10 and 30% of properties are above
the Action Level.

7.8

Hydrogeology
Conceptual cross sections showing the anticipated hydrogeology are presented in Section 5 of the
EIA.
The Environmental data obtained shows that the site is not located in a groundwater Source Protection Zone (SPZ), or within 500m of one.
There are no aquifers within the superficial geology of the development site, but a Secondary (A)
Permeable Layer and Secondary Aquifer lie adjacent to the development site boundary.
The bedrock is shown to be a Secondary ‘A’ aquifer beneath the whole of the site.
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A Secondary ‘A’ aquifer is defined as containing permeable layers capable of supporting water
supplies at a local rather than strategic scale, and in some cases forming an important source of
base flow to rivers. These are generally aquifers formerly classified as minor aquifers.
A Secondary (undifferentiated) aquifer is assigned in cases where it has not been possible to
attribute either category ‘A’ or ‘B’ to a rock type. In most cases, this means that the layer in question
has previously been designated as both minor and non-aquifer in different locations due to the variable
characteristics of the rock type.
There is no known groundwater abstraction located within 2km of the site.
There are no known potable water abstraction licenses within 2km of the site.

7.9

Contamination Assessment
This section aims to provide a summary of the contamination status of the site based upon available
site investigation information. ‘Contamination’ is defined by BS 10175:2013 as the ‘presence of a
substance or agent, as a result of human activity, in, on or under land, which has the potential to cause
harm (a measurable adverse effect on a receptor) or pollution.’
The Environmental Protection Act (EPA) 1990, Part IIA defines a site as ‘contaminated land’ if: • Significant harm may occur to people, ecosystems or infrastructure;
• There is significant possibility that such harm could occur;
• Pollution of controlled waters is likely to, or does, occur.
‘Controlled waters’ are defined by BS 10175:2013 as ‘inland freshwater, water contained in
underground strata and any other coastal water between the limit of highest tide or the freshwater
line to the three mile limit of territorial waters’.
Harm is regarded as “Significant” where there is the potential for: •
•
•
•
•

Serious injury, chronic or toxic effect or death to humans;
Adverse or irreversible harm to ecosystems;
Substantial damage or failure of buildings;
Damage, disease or death of, or affecting, livestock or crops;
Pollution of controlled waters.

Where land potentially affected by contamination is present it could potentially affect the future use
of land and / or require measures to mitigate the risks in relation to a receptor. The framework for
risk assessment in the UK is provided by the DEFRA / EA Contaminated Land Report 11 (CLR 11)
which is designed to be in line with the relevant UK legislation and policy. The document prescribes
a three stage assessment process to identify possible pollutant linkages (source-pathway-receptor)
comprising: 1. Preliminary Risk Assessment;
2. Generic Quantitative Risk Assessment;
3. Detailed Quantitative Risk Assessment.
It may not be necessary to proceed beyond stage 1 or stage 2 as this will depend upon the
outcome of the assessment. The conceptual model should be refined as more information
becomes available.
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CIRIA Report C552 provides a guide to good practice in contaminated land risk assessment. Within
this document, risk is defined as ‘the probability that due to a hazard, an adverse effect will occur
under defined conditions’.
Thus risk estimation is based upon quantifying the magnitude of the potential consequence (effect)
and probability of the risk occurring.
The probability of a hazard occurring is classified using the following terms and definitions
derived from CIRIA Report C552: • High likelihood: a pollution linkage exists in combination with an event that either appears inevitable
in the long-term or very likely in the short-term, or evidence exists of pollution or harm to a receptor;
• Likely: a pollution linkage exists and it is possible in the short-term or likely over the long-term that
an event will occur;
• Low likelihood: a pollution linkage exists and it is not certain that in the long-term and even less
likely in the short-term that an event will occur;
• Unlikely: a pollution linkage exists, but it is improbable than an event would occur even in the
long-term.
The consequence, judged by severity, of an event is defined in CIRIA Report C552 as follows: • Severe: Short term (acute) risk to human health likely to result in ‘significant harm’ as defined by
the Environment Protection Act 1990, Part IIA. Short-term risk of pollution of sensitive water
resources. Catastrophic damage to buildings or property. Short term risk to an ecosystem or
organism forming part of that ecosystem (note definition of ecosystem in ‘Draft Circular on
Contaminated Land’, DETR 2000);
• Medium: Chronic damage to human health (‘significant harm’ as defined in ‘Draft Circular on
Contaminated Land’, DETR 2000), pollution of sensitive water resources, significant change in
an ecosystem or organism forming part of that ecosystem (note definition of ecosystem in
‘Draft Circular on Contaminated Land’, DETR 2000);
• Mild: Pollution of non-sensitive water resources. Significant damage to crops, buildings,
structures and services (‘significant harm’ as defined in ‘Draft Circular on Contaminated Land’,
DETR 2000). Damage to sensitive buildings, structures or the environment;
• Minor: Harm, not necessarily significant, but that could result in financial loss or expenditure
to resolve. Non-permanent human health effects easily prevented by use of personal protective
clothing. Easily repairable damage to buildings, structures and services.
Within the assessment framework described above, Consequence versus Probability can be used to
define a Category of Risk. A summary of this approach is contained in Table 7.2 below.
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PROBABILITY

CONSEQUENCE
SEVERE

MEDIUM

MILD

MINOR

HIGHLY LIKELY

Very High

High

Moderate

Moderate/Low

LIKELY

High

Moderate

Moderate/Low

Low

LOW LIKELIHOOD

Moderate

Moderate/Low

Low

Very Low

UNLIKELY

Moderate/Low

Low

Very Low

Very Low

Table 7.2: Risk table

7.10

Historical Site Investigation Data
Extensive site investigation has been undertaken at the Blackbridge and Waterston sites during and
after their previous uses. Site Investigations included: •
•
•
•
•
•
•

Trial Pits;
Rotary Boreholes;
Geophysical Surveys;
Electrical Resistivity, Magnetometer and Impulse Radar Surveys;
Asbestos Surveys;
Lead Investigation;
Explosive Residue Survey.

Copies of the reports detailing the historical site investigations are contained in Volume 3 – Site
Investigation data. Historical Contamination testing results for Blackbridge are summarised on pages
249 - 330 and 749 - 755 of the Blackbridge data report contained in Appendix 3.2.
Details of historcial chemical testing at Waterston are not available, however a report from Hyder
outlining a Contaminated Land Review undertaken for the site is also included within Appendix 3.2.
The review includes a certificate confirming completion of a remediation strategy for the site.
The reports indicate that areas within the former Gulf refinery required remediation to reduce risks
posed by contamination to an acceptable level. These works have been completed and validation
certificates were issued.
An Environmental Permit is still held by 4Gas Limited on the former Gulf Oil Refinery site for the
ex-situ biological and physio-chemical treatment of waste, including storage pending disposal and
recovery, for the treatment of soils and inert wastes.
Using historical data and publically available information, a Source-Pathway-Receptor model has been
developed to assess impacts of the proposed development.
The preliminary conceptual model is detailed in Figure 7.1a for Blackbridge and 7.1b for Waterston with
a summary of all source-pathway-receptor relationships given in Table 7.3.
Location specific site investigation will be undertaken prior to detailed in design in conjunction with
the scope to be agreed with regulators.
1 Saint Marys Street, Carmarthen, Carmarthenshire, SA31 1TN, United Kingdom

Tel +44 (0)1269 831 606 Fax +44 (0)1269 841 867 Web egnedol.wales

Environmental Impact Assessment
Prepared for Egnedol Wales Limited

Potential Sources
On-Site

Potential Sources
Off-Site

Potential Pathways

Potential Receptors

Made ground

Made ground

Ingestion / Dermal contact
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RWE Gas Pipeline

Permeation

Construction workers

Likely contaminants:
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• Asbestos
• Hydrocarbons
• Polycyclic aromatic hydrocarbons
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• Radon gas

Former industrial use

Leaching

Maintenance workers

Likely contaminants:
• Heavy metals
• Hydrocarbons
• Polycyclic aromatic hydrocarbons
• Polychlorinated Biphenyls (PCB’s)
and Sewage

Root uptake

Subsurface plastic water pipes

Lateral groundwater migration

Groundwater in secondary A
Aquifier / Surface watercourse

Migration along backfill around
services, more permeable strata
inhalation / explosion
Flow through ground
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Milford Haven waterway SSSI
and Pembroke marine SAC
Soft landscaping on-site
(e.g. Phytotoxicity)

Figure 7.1a: Blackbridge preliminary conceptual model
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Permeation

Construction workers

Historic industrial use
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• Heavy metals
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Maintenance workers
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Likely contaminants:
• Heavy metals
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• Hydrocarbons
• Polycyclic aromatic hydrocarbons
• Metals
• Acids, Alkalis and PCB’s
• Radon gas
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Flow through ground
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Adjacent surface watercourses

Figure 7.1b: Waterston preliminary conceptual model
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Potential Source

Potential Pathway

Potential Receptor

Potential Probability & Consequence

Potential Risk

Future on-site users (commercial)

Unlikely / Medium

Moderate

Construction workers

Highly likely / Medium

High

Maintenance workers

Likely / Medium

Moderate

Adjacent commercial/ residential land users

Unlikely / Medium

Low

Permeation

Subsurface plastic water pipes

Likely / Medium

Moderate

Leaching

Groundwater in Secondary A Aquifer /
surface watercourse

Likely / Severe

High

Root uptake

Soft landscaping on-site (e.g. phytotoxicity)

Unlikely / Minor

Very Low

Ingestion /
Dermal Contact

Future on-site users (commercial)

Likely / Severe

High

Construction workers

Highly Likely / Medium

High

Maintenance workers

Highly Likely / Medium

High

Adjacent commercial/ residential land users

Likely / Severe

High

Permeation

Subsurface plastic water pipes

Likely / Severe

High

Lateral Groundwater
migration

Groundwater in Principal Aquifer /
Milford Haven Waterway SSSI and
Pembroke Marine SAC

Likely / Severe

High

Vapours associated with
soil and groundwater
contaminants
(e.g. asphyxiation,
toxicity, explosion
and fire)

Migration along
backfill around
services, more
permeable
strata inhalation /
explosion

Future on-site users (commercial)

Likely / Severe

Very High

Construction/ Maintenance workers

Likely / Severe

Very High

Natural radon gas

Flow through
ground

End users

Highly Likely / Severe

Very High

Asbestos

Inhalation

Construction/ Maintenance workers and
Future on-site users (commercial)

Likely / Severe

Very High

Soil contaminants
Ingestion /
(i.e. heavy metals,
Dermal Contact
hydrocarbons and PAHs)
(including naturally
occurring arsenic,
lead, etc.)

Groundwater
contaminants
(i.e. landfill leachate,
hydrocarbons)
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Table 7.3: Preliminary site conceptual model
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Refined conceptual model
Following development of the preliminary conceptual model and finalisation of the development
layout, a refined conceptual model has been produced. The refined conceptual model takes into
account the effects of the final development platform. Both the former Gulf site and the RNAD site
are currently covered with either hardstanding or buildings with floor slabs and roofs. The existing
impermeable surface will in increased as a result of the development.
The refined conceptual model is detailed in Figure 7.2a for Blackbridge and 7.2b for Waterston with a
summary of all source-pathway-receptor relationships given in Table 7.4.
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Potential Sources
On-Site

Potential Sources
Off-Site

Potential Pathways

Potential Receptors

Made ground

Made ground

Ingestion / Dermal contact

Future on-site users (commercial)

Former industrial use

RWE gas pipeline

Permeation

Construction workers

Likely contaminants:
• Heavy metals
• Asbestos
• Hydrocarbons
• Polycyclic aromatic hydrocarbons
• Metals
• Acids, Alkalis and PCB’s
• Radon gas
• Natural gas

Storm overflow

Leaching

Maintenance workers

Likely contaminants:
• Heavy metals
• Hydrocarbons
• Polycyclic aromatic hydrocarbons
• Polychlorinated Biphenyls
(PCB’s) and Sewage

Root uptake

Subsurface plastic water pipes

Lateral groundwater migration

Groundwater in secondary A
Aquifier / Surface watercourse

Migration along backfill around
services, more permeable strata
inhalation / explosion
Flow through ground
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Milford Haven waterway SSSI
and Pembroke marine SAC
Soft landscaping on-site
(e.g. phytotoxicity)

Action Plan
1. Asbestos – surveys completed, asbestos removed prior to commencement of the development.
2. Made ground – site covered in hardstanding which will be retained.
3. Natural gas – sealed system which is monitored and retained by RWE N Power on a monthly basis. No works undertaken within easement
around pipe without prior permission.
4. Tidal ingress to historic high tide mark – limited potential for contamination.
5. Offsite sources – No known contamination within the vicinity of the site boundary.

Figure 7.2a: Blackbridge refined conceptual model
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Potential Sources
On-Site

Potential Sources
Off-Site

Potential Pathways

Potential Receptors

Made ground

Made ground

Ingestion / Dermal contact

Future on-site users (commercial)

Adjacent industrial use

Storm overflow

Permeation

Construction workers

Historic industrial use

Likely contaminants:
• Heavy metals
• Hydrocarbons
• Polycyclic aromatic hydrocarbons
• Polychlorinated Biphenyls
(PCB’s) and Sewage

Leaching

Maintenance workers

Lateral groundwater migration

Subsurface plastic water pipes

Migration along backfill around
services, more permeable strata
inhalation / explosion

Groundwater in secondary A
Aquifier / Surface watercourse

Likely contaminants:
• Heavy metals
• Asbestos
• Hydrocarbons
• Polycyclic aromatic hydrocarbons
• Metals
• Acids, Alkalis and PCB’s
• Radon gas
• VOC’s

Flow through ground
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Adjacent surface watercourse

Action Plan
1. Asbestos – samples will be taken and tested for asbestos prior to commencement of any intrusive works.
2. Historic industrial use and made ground – site covered in hardstanding which will be retained. Standard chemical
testing will be undertaken prior to commencement of an intrusive works.
3. Surface water and groundwater – a construction management plan will be in place prior to construction work.
Figure 7.2b: Waterston refined conceptual model
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Potential Source

Potential
Pathway

Potential
Receptor

Soil contaminants
(i.e. heavy metals,
hydrocarbons and
PAHs) (including
naturally occurring
arsenic, lead, etc)

Ingestion /
Dermal Contact

Natural radon gas
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Potential
Risk

Actions/
Comments

Residual
Risk

Future on-site
Unlikely / Medium
users (commercial)

Moderate

Commercial end use and surface
hardcover to be retained

Low

Construction
workers

Highly Likely/Medium

High

Moderate

Maintenance
workers

Likely / Medium

Moderate

Intrusive works could result in contact
with historical contamination.
A construction management plan
(CMP) will be prepared and
appropriate PPE worn by all contractors.

Adjacent
commercial /
residential
land users

Unlikely / Medium

Low

Access to site is restricted

Very Low

Permeation

Subsurface plastic
water pipes

Likely / Medium

Moderate

Existing pipe networks will be utilised
where possible. All new pipes will be
of an appropriate specification to
prevent permeation

Low

Leaching

Groundwater /
Surface water

Highly Likely / Severe

Very High

Records of historical contaminative
industries on site. However remediation
has been undertaken. Any requirement
for piling will be subject to a piling risk
assessment and is likely to specify
double penetration system to reduce the
potential for contaminant mobilisation.
Hardstanding will remain undisturbed
on site where possible to limit water
ingress into the underlying soils.
A CMP will be prepared for the
construction phase and will include
detailed pollution prevention measures.

Moderate/Low

Root uptake

Soft landscaping
on-site
(e.g. phytotoxicity)

Unlikely / Minor

Very Low

No soft landscaping is currently proposed Very Low
in the former Gulf Refinery or RNAD site.
Soft landscaping is proposed as a visual
screen along corridor between RNAD
and Gulf site. Green corridor and
contamination not anticipated.

Excavation
works and
foundations

Underlying
groundwater /
adjacent surface
water bodies and
other nearby
sensitive receptors

Likely / Severe

High

Moderate/Low
The CMP will be in place prior to the
commencement of any works and
provided detailed guidance for all
excavation work. A piling risk assessment
will be prepared for any piling works

Flow through
ground

End users

Highly Likely / Severe

Very High

The site lies within a radon protection
area. Appropriate radon protection will
be incorporated into the design of
structures where appropriate.

Potential Probability
& Consequence

Low

Low

Table 7.4: Refined site conceptual model
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Potential Source

Potential
Pathway

Potential
Receptor

Potential Probability
& Consequence

Potential
Risk

Actions/
Comments

Residual
Risk

Groundwater
contaminants
(i.e. leachate,
hydrocarbons

Ingestion /
Dermal Contact

Future on-site
users (residents /
commercial)

Likely / Severe

High

Low

Construction
workers

Highly Likely/Medium

High

Remediation work previously
undertaken. Appropriate PPE will
be required by all site employees
and contractors.

Maintenance
workers

Highly Likely/Medium

Moderate

Adjacent
commercial /
residential
land users

Likely / Severe

High

Access to site is restricted

Low

Permeation

Subsurface plastic
water pipes

Likely / Severe

High

Existing pipe networks will be utilised
where possible. All new pipes will be
of an appropriate specification to
prevent permeation

Low

Lateral
Groundwater
migration

Groundwater in
Principal Aquifer /
Milford Haven
Waterway SSSI
and Pembroke
Marine SAC

Likely / Severe

High

Remediation of the site has previously
been undertaken. Hardstanding on
site to be retained and extended which
will limit groundwater ingress. Clean
surface water to be harvested from
roofs which will reduce volume of
groundwater ingress and the potential
for contaminant mobilisation.

Moderate/Low

Excavation
works and
foundations

Underlying
groundwater /
adjacent surface
water bodies and
other nearby
sensitive receptors

Likely / Severe

High

Remediation work previously
undertaken. A CMP will be in place
prior to the commencement of
any works.

Moderate/Low

Vapours associated
with soil and
groundwater
contaminants
and/or bulk
ground gases
(e.g. asphyxiation,
toxicity, explosion
and fire)

Migration along
backfill around
services, more
permeable strata
inhalation /
explosion

Future on-site
users (residents /
commercial)

Likely / Severe

Very High

Low

Construction /
Maintenance
workers

Likely / Severe

Very High

Historic uses of the site could give rise
to vapours release during construction
works. Gas detectors will be utilised
during all works

Asbestos

Inhalation

Construction /
Maintenance
workers

Likely / Severe

Very High

Future on-site
users (residents /
commercial)

Unlikely / Severe

Moderate

Moderate

Moderate
Several historic asbestos surveys have
been undertaken at the Blackbridge site,
in addition to a recent survey
commissioned by Egnedol following
purchase of the site. Picking of asbestos Low
containing material was undertaken by a
qualified surveyor around the Blackbridge
site following the recent survey. Residual
ACM in structures such as building roofs
is likely at Blackbridge and will be
incorporated into the CMP for the site.
Asbestos contamination is expected at
specific locations within the Waterston
site, namely asbestos structures. Testing
of soils will be undertaken prior to the
commencement of development to
confirm degree of precaution required.
All works will be carried out in accordance
with HSE asbestos guidance, with suitably
licensed contractors used where required.

Table 7.4: Refined site conceptual model
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In order to provide sufficient data to enable the conceptual model to be fully refined, a site investigation is required.
The investigation will need to gather a combination of soil and water samples which can be sent for
chemical analysis.
The scope and extent of the investigation will be agreed with regulators prior to the commencement
of development via a suitable pre commencement planning condition.
It is anticipated that standard contaminated land conditions will be attached to any planning permission granted. Typical wording for such conditions is outlined below:• Prior to the commencement of any development (including re-profiling of any land) a contaminated
land survey shall be conducted at the site. The location of trial pits and boreholes shall be agreed by
the Local Planning Authority, prior to the sampling being undertaken.
• The results of the survey shall be submitted to the Local Planning Authority and must include any
recommendations for remediation, where found necessary. Development shall only commence
following written confirmation from the Local Planning Authority that a satisfactory assessment
of the site has been conducted and that any proposed remediation strategy, where necessary, is
considered acceptable and is agreed.
• Following completion of any remediation at the site, a verification report shall be submitted to and
approved in writing by the Local Planning Authority and shall include details of the completed re
mediation works to show that the works have been carried out in full and in accordance with the
approved methodology and shall include details of any post-remedial sampling and analysis (to
show the site has reached the required clean-up criteria) together with the necessary
documentation detailing what waste materials have been removed from the site.
• In the event that contamination is found at any time when carrying out the approved development,
that was not previously identified, it must be reported in writing immediately to the Local Planning
Authority. An investigation and risk assessment must be undertaken and where remediation is
necessary a remediation scheme must be prepared, which is subject to the approval in writing of
the Local Planning Authority. Following completion of measures identified in the approved
remediation scheme a verification report must be prepared, which is subject to the approval in
writing of the Local Planning Authority.
• No Development shall take place until there has been submitted to, approved in writing by the
Local Planning Authority a Construction Environmental Management Plan (CEMP). The CEMP
shall include details of how noise, lighting, dust and other airborne pollutants, vibration, smoke,
and odour and all surface water from construction work will be controlled and mitigated. The
CEMP will utilise the Considerate Constructors Scheme (www.considerateconstructorsscheme.
org.uk). The CEMP will include a system for the management of complaints from local residents
which will incorporate a reporting system. The construction of the Development shall be completed
in accordance with the approved Plan unless otherwise agreed in writing with the Local
Planning Authority.
Industrial Contamination Profiles developed by NRW will be used to supplement the historical site
data to develop a testing suite for contaminants of concern. The suite will then be agreed with the
Local Authority.
All samples will be sent to a UKAS or MCERTS accredited laboratory for analysis and the results will
be used to refine the risk profile for the site and to develop remediation strategies where appropriate.
The boreholes will be fitted with groundwater monitoring pipes to enable a baseline and monitoring
protocol to be established for the Environmental Permit.
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7.12.1
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Potential Impacts during Construction

Impact on Construction Workers
Construction workers may come into contact with contaminated soils. Due to previous decontamination and remediation of the site, it is expected that any residual contamination will be localised and
not widespread.
In order to adopt a conservative approach, and given the previous industrial uses of the site, the risk
posed by residual contamination at the Former Gulf Oil Refinery site is considered to be moderate
for maintenance works and high for construction works and at the former RNAD site it is considered
to be moderate.
Pre commencement, location specific, site investigations will be undertaken to indentify residual
contamination and to quantify the risks posed by it. This will enable suitable mitigation to be designed
if required.
All manual workers will be required to wear appropriate Personal Protective Equipment (PPE) during
the construction and operational phases and strict hygiene measures will be adopted on site at all
times.
PPE will reduce risk to construction workers from residual contamination to an acceptable level.
Human entry into excavations will be avoided and a risk assessment undertaken if unavoidable. This
will limit the potential exposure of construction workers to an acceptable level.
Dust suppression measures, such as covering stockpiles or dowsing with water during dry, windy
conditions, will be implemented to minimize dust generation during construction activity.
There are records that indicate the presence of Asbestos Containing Materials (ACM) at the site.
A preliminary asbestos survey has been conducted and a full asbestos survey will be carried out prior
to the commencement of development.
Some of the structures that are present on the site contain asbestos cement sheets and a small
engineered lined asbestos cell is recorded near to the railhead, however this lies outside the development boundary.
The primary risk to Construction workers from asbestos will occur during removal of the ACM
materials from buildings and during excavation works if ACM contamination in soil is present.
All construction workers will be required to attend toolbox talks which will outline the risks posed by
contamination and asbestos that will raise awareness of the issues.
All excavation works will be undertaken by machine and using techniques that will reduce the risks to
workers and the environment.

7.12.2

Impact on Soils and Geology During Construction
Excavation, vehicular compaction and mixing during construction could result in the release of
contaminants into the surrounding materials and into groundwater or surface water as a result of
surface runoff or groundwater ingress.
A CMP will be developed prior to the commencement of development. The CMP will include
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protective and preventative measures which will reduce risk to an acceptable level. The plan will also
include actions to be taken should preventative measures fail or the potential for contamination arise
during works.
Features of the CMP that will protect adverse impact on soils will include: –
• A temporary wheel washing facility will be installed to prevent transfer of soil onto nearby
public roads;
• Bunding to fuel storage tanks which will be double skinned or contained with an impermeable
bund that will be capable of holding 110% of the volume of the largest tank, or 25 per cent of the
capacity of all tanks, which ever is the greater. Oil will be stored in accordance with the Prevention
of Pollution (Oil Storage) (Wales) Regulations. Refuelling will be undertaken within a designated
area of impermeable hardstanding or a suitably bunded area;
• Silt control techniques for all water removed from excavations;
• Identification, control and removal of hydrocarbon contamination from groundwater;
• Construction machinery will be checked regularly to prevent oil leaks or other emissions from
faulty operation. Any maintenance required should take place over hardstanding or other
impermeable ground cover. Refuelling will be limited to a designated area, on an impermeable
surface, at a sufficient distance away from any drains or watercourses (this distance may need to
be discussed with the EA). Spill kits, absorbent geotextiles and absorbent sands will be available
on site at all times, in accordance with the oil storage regulations (2001), PPG 10 and the
environmental management plan. Any spills will be cleaned up as soon as possible, according to
the spill response plan in the Working Practice Procedure, with any contaminated sands bagged
up and disposed of correctly;
• Throughout the works, the Waste Management Duty of Care and Hazardous Waste Regualtions
will be strictly adhered to, including the collation of all required paperwork and checking of
transport and disposal contractors;
• Construction materials will be kept on hardstanding and bunded if necessary;
• During construction, all spoil will be stockpiled away from surface water and freshly excavated
areas. A minimum distance of stockpiles from surface water will be established. In addition, to
prevent suspended sediments entering surface water, stockpiles will be covered in wet weather
to minimise runoff and infiltration from rainfall.
Following pre-application consultation with the Local Authority Contaminated Land Department, it is
expected that a standard condition to this effect will be included in any planning permission granted.
Implementation of the CMP will reduce the risk posed to soils by contamination to an acceptable
level.

7.12.3

Hydrology and Hydrogeology
The underlying bedrock geology of the site is classified by the NRW as a Secondary ‘A’ aquifer and
adjacent to the south of the site the superficial deposits are classified as Secondary A and Secondary
(undifferentiated layers) aquifers. The aquifers are considered as sensitive receptors and therefore
potential impacts are considered to be major adverse.
There will be no uncontrolled construction discharges to surface water or groundwater.
The British Standard Code of Practice for Earthworks BS 6031:1981 contains detailed methods that
would be considered for the general control of drainage on construction sites. Further advice is also
available in the British Standard Code of Practice for Foundations BS 8004:1986. These will be taken
into account during the preparation of the CMP.
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The CMP will include prescriptive pollution prevention measures to protect groundwater and surface
water during construction works.
If piling is required for the foundations of new buildings, a piling risk assessment will be completed
and will form part of the CMP.
Implementation of the CMP will reduce the risk to surface water and groundwater to an
acceptable level.

7.13

7.13.1

Potential Impacts during Operation

Impact on Workers
Following development, the site will be predominantly covered with concrete, asphalt or
hardstanding. Thus it is considered that no direct human contact will occur with the underlying soils.
Risks posed by soil contamination to site workers could be considered to be negligible.

7.13.2

Impact on soils and geology during operation
The BtEf is a fully enclosed system which will be operated under an Environmental Permit
which will be regulated and monitored by NRW. The environmental management system will
ensure that all potential contamination sources will be strictly controlled, monitored and the
performance reported.
None of the facilities within the development will generate point source emissions to groundwater.
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