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Glossary 

Term Definition 

Aquifer  A subsurface layer or layers of rock or other geological strata of sufficient porosity and permeability to allow 
either a significant flow of groundwater or the abstraction of significant quantities of groundwater.  

Artificial ground  Artificial ground is a term used by the British Geological Survey (BGS) for those areas where the ground 
surface has been significantly modified by human activity. Whilst artificial ground is not part of the 'real 
geology' of bedrock and superficial deposits, it does affect them and needs recording because the near 
surface ground conditions are so important to human activities and economic development. Artificial ground 
includes:  

Made ground ðsuch as embankments and spoil heaps on the natural ground surface.  

Worked ground ð areas where the ground has been cut away such as quarries and road cuttings.  

Infilled ground ð areas where the ground has been cut away then wholly or partially backfilled.  

Landscaped ground ð areas where the surface has been reshaped.  

Disturbed ground ð areas of ill-defined shallow or near surface mineral workings where it is impracticable to 
map made and worked ground separately.  

Bedrock  Term used for the main mass of rocks forming the Earth and present everywhere, whether exposed at the 
surface in outcrops or concealed beneath superficial deposits or water. The bedrock has formed over vast 
lengths of geological time ranging from ancient and highly altered rocks of the Proterozoic, some 2,500 
million years ago or older, up to the relatively young Pliocene, 2.6 million years ago.  

Chalk  The Chalk Group (often just called óChalkô) is the lithostratigraphic unit (a certain number of rock strata) which 
contain the late Cretaceous limestone succession in southern and eastern England. The same or similar rock 
sequences occur across the wider northwest European chalk province. It is characterised by thick deposits of 
chalk, a soft porous white limestone, deposited in a marine environment.  

Confined aquifer  
Permeable rock units containing groundwater that are confined above or beneath lower permeability rock or 
superficial deposits such as clay, which limit groundwater movement into and out of the confined aquifer.  

Compressible ground 
hazard  

Weak ground that compresses under load from overlying structures.  

Cycle 1 data 
Cycle 1 is the results of the monitoring and assessment carried out under the initial Water Framework 
Directive and reflects the aims for the improvements to 2015. Following the updates to the Water Framework 
Directive in 2017 all data and assessment undertaken by the Environment Agency from 2016 is cycle 2.  

Designated sites  

The UKós approach to conservation employs a range of different types of site and extensive area 
designations for landscape and nature conservation purposes.  

Statutory designated sites or areas relevant to geological and geomorphological conservation administered 
by Natural England (an Executive Non-departmental Public Body responsible to the Secretary of State for 
Environment, Food and Rural Affairs) are:  

National Parks;  

Areas of Outstanding Natural Beauty; and 

Sites of Special Scientific Interest. 

Non-statutory designated sites administered by county or unitary local authorities comprise:  

Local Geological Sites (LWS) formerly known as Regionally Important Geological Sites (RIGS). 

Frac-out 
During directional drilling operations the drill head is lubricated with either water or bentonite clay and is 
injected under high pressure. When drilling occurs too close to the surface and the ground is not stable the 
pressure of the lubricant and the vibration of the drill head cause week point to form resulting in a ñfrac-outò. 

Term Definition 

Geology  The scientific study of the origin, history and structure of the Earth.  

Geomorphology  The scientific study of landforms and their evolution over different timescales.  

Glaciagenic  Materials deposited as a result of glaciation or deglaciation.  

Glaciofluvial  
Glacial river deposits, or glaciofluvial deposits, consist of material that has been transported by rivers 
originating from glaciers.  

Ground conditions  
The chemical and physical characteristics of the soil at a particular location and how it has been affected by 
historical land uses.   

Groundwater  
All water which is below the surface of the ground in the saturated zone and in direct contact with the ground 
or subsoil.  

Groundwater Directive  
Directive 2006/118/EC of the European Parliament and of the Council of 12 December 2006 on the protection 
of groundwater against pollution and deterioration. 

Hydrogeology  
The branch of geology dealing with water below the Earth's surface and the geological aspects of surface 
waters.  

Mineral Safeguarding 
Area 

An area designated by a Mineral Planning Authority which covers known deposits of minerals which are 
desired to be kept safeguarded from unnecessary sterilisation by non-mineral development.  

Mineral Planning 
Authority 

A local authority with responsibility for mineral planning, including deciding planning applications.  

Natural ground 
subsidence  

Lowering or collapse of natural landform due to change in drainage patterns, groundwater abstraction largely 
associated with coal mining areas and karst landscapes. Can also occur in compressible soils such as peats.  

Norfolk Geodiversity 
Partnership  

Organisation comprising representatives from local authorities in Norfolk as well as statutory consultees, 
conservation organisations and Earth science specialists. One of their key roles is to develop the Norfolk 
Geodiversity Action Plan, which sets out a management framework for conserving Norfolkôs Earth heritage.  

Onshore elements of 
Hornsea Three  

Hornsea Three landfall  area, onshore cable corridor, the onshore HVAC booster station, the onshore HVDC 
converter/HVAC substation and the interconnection with the Norwich Main National Grid substation, 

Permeability  A measure of the ability of a porous material such as a soil or rock to transmit fluids (liquids or gases).  

Principal aquifer  
Layers of rock or superficial deposits that have high inter-granular and/or fracture permeability - meaning they 
usually provide a high level of water storage. They may support water supply and/or river base flow on a 
strategic scale. In most cases, principal aquifers are aquifers previously designated as major aquifers.  

Secondary A aquifer  
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.  

Secondary B aquifer  
Predominantly lower permeability layers which may store and yield limited amounts of groundwater due to 
localised features such as fissures, thin permeable horizons and weathering. These are generally the water-
bearing parts of the former non-aquifers.  

Secondary 
undifferentiated aquifer  

This term has been 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.  

Shrink-Swell hazard  
As a result of changes in moisture content in clay rich ground, shrinkage leading to differential settlement and 
swelling can lead to ground heave.  
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Term Definition 

Soil  

Soil is a natural body consisting of layers (soil horizons) that are primarily composed of minerals which differ 
from their parent materials in their texture, structure, consistency, and colour, chemical, biological and other 
characteristics. Soil is the unconsolidated or loose covering of fine rock particles that covers the surface of 
the Earth and is the end product of the influence of the climate (temperature, precipitation), relief (slope), 
organisms (flora and fauna), parent materials (original minerals) and time.  

Source Protection 
Zone 

Source Protection Zones are defined by the Environment Agency (for England) for groundwater sources such 
as wells, boreholes and springs that are used for public drinking water supply. Source Protection Zones show 
the level of risk of contamination from activities on or in the ground that have the potential to cause 
groundwater pollution in the area and affect water quality at an abstraction.  

Superficial deposits  
The youngest geological deposits formed during the most recent period of geological time (the Quaternary) 
which extends back about 2.6 million years from the present. They rest on older deposits or rocks referred to 
as bedrock.  

Till  A glacial deposit consisting mainly of unstratified clay with embedded boulders.  

Unconfined aquifer  
Permeable groundwater aquifer rock unit that is in direct contact with the atmosphere through open pore 
spaces of the overlying soil or rock. The groundwater surface in an unconfined aquifer is called the water 
table.  

Undifferentiated 
sediments  

Rocks or sediments for which it is not possible to specify a finer age division.  

Unproductive aquifer  
Superficial deposits or bedrock strata which are generally unable to support abstractions greater than 10 m3.d-

1 and are unlikely to provide significant base flow. Formerly classified as non- aquifers.  

Water Framework 
Directive 

Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a 
framework for community action in the field of water policy.  

Zone of Impact 
The Zone of Impact is the area considered to be at risk of impacts from each element of the development.  
The extent of this zone will depend on the differing impacts, ground conditions etc. and therefore is not a set 
distance.   

 

Acronyms  

Acronym Description 

BGS British Geological Survey 

bgl Below ground level 

CEA Cumulative Effect Assessment 

CFD Contract for Difference 

CoCP Code of Construction Practice 

DCLG Department for Communities and Local Government 

DCO Development Consent Order 

DECC Department of Energy and Climate Change 

Acronym Description 

EIA Environment Impact Assessment 

HDD Horizontal Directional Drilling 

HVAC High Voltage Alternating Current 

HVDC High Voltage Direct Current 

IPC Infrastructure Planning Committee 

MHWS Mean High Water Springs 

NGP Norfolk Geodiversity Partnership 

NPPF National Planning Policy Framework 

NPS National Policy Statement 

NSIP Nationally Significant Infrastructure Project 

PEIR Preliminary Environmental Information Report 

PINS Planning Inspectorate 

PPG Planning Practice Guidance 

SPZ Source Protection Zone 

SSSI Site of Special Scientific Interest 

UXO Unexploded Ordnance 

WFD Water Framework Directive 

ZOI Zone of Impact 

 

Units 

Unit Description 

g Gram (weight) 

GW Gigawatt (power) 

km Kilometre (distance) 

kV Kilovolt (electrical potential) 

kg Kilogram (weight) 

kW Kilowatt (power) 

m Metre (distance) 

m3.d-1 Cubic metres per day (volume) 



Chapter 1 ï Geology and Ground Conditions 

Environmental Statement 

May 2018 

 

 v  

Unit Description 

MW Megawatt (power) 

mg/l Milligram per litre (concentration) 

Ma Million years (time) 

w.m-1 Watts per linear metre (power consumed over distance) 
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1. Geology and Ground Conditions  

1.1 Introduction 

1.1.1.1 This chapter of the Environmental Statement presents the results of the Environmental Impact 

Assessment (EIA) for the potential impacts of the Hornsea Project Three offshore wind farm (hereafter 

referred to as óHornsea Threeô) on geology and ground conditions. Specifically, this chapter considers 

the potential impact of Hornsea Three landward of Mean High Water Springs (MHWS) during its 

construction, operation and maintenance, and decommissioning phases.  

1.1.1.2 Those impacts of Hornsea Three on hydrology and flood risk (including surface water resources) are 

assessed in volume 3, chapter 2: Hydrology and Flood Risk; those impacts on soil quality are assessed 

in volume 3, chapter 6: Land Use and Recreation.  

1.1.1.3 This chapter summarises information from technical reports and information, which are included in 

volume 6, annex 1.1: Borehole Logs, annex 1.2: Abstraction Licences and Source Protection Zones, 

annex 1.3: Discharge Consents and Permits and annex 1.4: Water Framework Directive Groundwater 

Assessment.   

1.2 Purpose of this chapter 

1.2.1.1 The primary purpose of the Environmental Statement is to support the Development Consent Order 

(DCO) application for Hornsea Three under the Planning Act 2008 (the 2008 Act) and accompanies the 

application to the Secretary of State for Development Consent. 

1.2.1.2 It is intended that the Environmental Statement will provide statutory and non-statutory consultees with 

sufficient information to complete the examination of Hornsea Three and will form the basis of 

agreement on the content of the DCO. 

1.2.1.3 In particular, this Environmental Statement chapter:   

¶ Presents the existing environmental baseline established from desk studies and consultation; 

¶ Presents the potential environmental effects on geology and ground conditions arising from 

Hornsea Three, based on the information gathered and the analysis and assessments undertaken;  

¶ Identifies any assumptions and limitations encountered in compiling the environmental information; 

and 

¶ Highlights any necessary monitoring and/or mitigation measures which could prevent, minimise, 

reduce or offset the possible environmental effects identified in the EIA process. 

1.3 Study area 

1.3.1.1 The Hornsea Three geology and ground conditions study area comprises a 1 km buffer around the 

onshore elements of Hornsea Three (namely the Hornsea Three landfall, the onshore cable corridor, the 

onshore HVAC booster station, the onshore HVDC converter/HVAC substation and the interconnection 

with the Norwich Main National Grid substation), and the storage areas and compounds. The 1 km buffer 

was chosen to identify any existing assets or infrastructure (including landfills) that might not be directly 

within the footprint of Hornsea Three but have the potential to be affected by it or its activities or which 

may pose constraints on the development. 

1.3.1.2 The accesses fall within the Hornsea Three geology and ground conditions study area and any impacts 

from the modifications and use of these accesses have been assessed. No modifications or construction 

works are proposed at the main compound, however its use has been considered within the geology and 

ground conditions assessment and the mitigation measures in Table 1.15 will be applied (as 

appropriate).   

1.3.1.3 The Hornsea Three geology and ground conditions study area is shown on Figure 1.1 and the following 

features were identified in this area:  

¶ Principle and secondary aquifers (either secondary A, secondary B or secondary undifferentiated); 

¶ Groundwater abstraction licences (including potable water abstractions); 

¶ Source Protection Zones (SPZ); 

¶ Landfills (historic and active) and other waste management sites; and  

¶ Mineral extraction sites and Mineral Safeguarding Areas. 

1.3.1.4 For some geological/ground conditions features a narrower buffer of 500 m was used as impacts are 

most likely to occur within this distance. These features are identified below: 

¶ Geology (comprising artificial ground, superficial deposits and bedrock geology);  

¶ Environmental permits, incidents and registers; 

¶ Current and historical land use; 

¶ Designated sites of geological conservation importance; and  

¶ Natural hazards (natural ground subsidence, shrink-swell hazard, compressible ground hazard). 

1.3.1.5 Due to the variable nature in the shallow geology, borehole log records within a 100 m buffer around the 

onshore elements of Hornsea Three, storage areas and compounds were considered as these are most 

likely to reflect the ground conditions within the footprint of Hornsea Three. 

1.3.1.6 Mining (and the associated risk of subsidence) and natural hazards (natural ground subsidence, shrink-

swell hazard, compressible ground) are potential concerns when designing foundations. The only 

onshore elements of Hornsea Three where this is likely to be relevant is at the onshore HVAC booster 

station and the onshore HVDC converter/HVAC substation. Therefore, a buffer of 100 m around these 

locations has been applied to identify records of mining and natural hazards.   
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1.4 Planning policy context 

 National Policy Statements 

1.4.1.1 Planning policy on offshore renewable energy Nationally Significant Infrastructure Projects (NSIPs), 

specifically in relation to geology and ground conditions, is contained in the Overarching National Policy 

Statement (NPS) for Energy (EN-1) (DECC, 2011a) and the NPS for Electricity Networks Infrastructure 

(EN-5) (DECC, 2011b). 

1.4.1.2 NPS EN- 1 and NPS EN-5 include guidance on what matters are to be considered in the assessment. 

These are summarised in Table 1.1.  

 

Table 1.1: Summary of NPS EN-1 and EN-5 provisions relevant to geology and ground conditions. 

Summary of NPS EN-1 and NPS EN-5 provision  How and where considered in the Environmental Statement 

Geology 

Where the development is subject to EIA the 
applicant should ensure that the Environmental 
Statement clearly sets out the effects on 
internationally, nationally and locally designated 
sites of ecological or geological conservation 
importance (paragraph 5.3.3 of NPS EN-1). 

The Environmental Statement identifies internationally, nationally and locally 
designated sites of geological conservation importance within the Hornsea Three 
geology and ground conditions study area. Figure 1.2 shows that no designated 
geological sites would be directly affected. The distance to the designated sites 
are given in Table 1.6. 

The applicant should show how the project has 
taken advantage of opportunities to conserve and 
enhance biodiversity and geological conservation 
interests (paragraph 5.3.4 of NPS EN-1). 

The Hornsea Three onshore cable corridor has been refined in order to conserve 
geological interests within the geology and ground conditions study area.  

Ground Conditions 

For developments on previously developed land, 
applicants should ensure that they have considered 
the risk posed by land contamination (Paragraph 
5.10.8 of NPS EN-1). 

The Environmental Statement considers the risk posed by land contamination in 
paragraphs 1.11.1.1 to 1.11.3.4. 

Infrastructure development can have adverse 
effects resulting in groundwater or protected areas 
failing to meet environmental objectives established 
under the Water Framework Directive (WFD) 146 
(Paragraph 5.15.1 of NPS EN-1). 

Assessment of ground disturbance is undertaken specifically on secondary A and 
B aquifers and on the principal aquifer in paragraphs 1.11.1.1 to 1.11.3.4. 

Where the project is likely to have effects on the 
water environment, the applicant should undertake 
an assessment of the existing status of, and the 
impacts of the proposed project on water quality, 
water resources and physical characteristics of the 
water environment. In particular the Environmental 
Statement should describe, any impacts of the 
proposed project on water bodies or protected 

Impacts on SPZs and water bodies protected under the WFD are assessed in 
paragraphs 1.11.1.8 to 1.11.1.20. 

A WFD groundwater assessment is provided as Annex 1.4.   

Summary of NPS EN-1 and NPS EN-5 provision  How and where considered in the Environmental Statement 

areas under the WFD and SPZs around potable 
groundwater abstractions (paragraphs 5.15.2 and 
5.15.3 of NPS EN-1).  

NPS EN-5 Section 2.8: Landscape and Visual 
identifies the greater environmental consequences 
of undergrounding of power lines in comparison 
with overhead cabling where disturbance of ground 
may have an impact on soils and geology 
(paragraph 2.8.9 of EN-5). 

Assessment of ground disturbance is undertaken specifically on secondary A and 
B aquifers and on the principal aquifer in paragraphs 1.11.1.8 to 1.11.1.28. 

Applicants should safeguard any mineral resources 
on the proposed site as far as possible, taking into 
account the long-term potential of the land use after 
any future decommissioning has taken place 
(paragraph 5.10.9 of NPS EN-1). 

The Hornsea Three onshore cable corridor has been refined to 80 m wide which 
reduces the area of Hornsea Three that falls within a Mineral Safeguarding Area 
(see Figure 1.3) An assessment of the potential impacts is undertaken in 
paragraphs 1.11.1.3 to 1.11.1.7. 

 

1.4.1.3 NPS EN-1 and NPS EN5 also highlight a number of points relating to the determination of an application 

and in relation to mitigation. These are summarised in Table 1.2. 
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Figure 1.1: Hornsea Project Three geology and ground conditions study area. 
















































































































