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8 Geology, Hydrogeology, Ground Conditions and Contamination 
(including UXO) 

Introduction  

8.1 This chapter considers the potential impacts on Geology, Hydrogeology, Ground Conditions and 

Contamination (including unexploded ordnance (UXO)) from the proposed FAB Link 

HVDC/HVAC interconnector cable in the context of FAB Link Limited’s duties as an 

interconnector licence holder under Schedule 9 of the Electricity Act 1989. It draws on relevant 

guidance, identifies the likely impact risks and sets out a draft method statement of mitigation 

measures and/or best practice measures to mitigate effects 

Assessment Methodology 

National Planning Policy 

8.2 The National Planning Policy Framework (NPPF) (DCLG 2012) together with the National 

Planning Practice Guidance set out the government’s national planning policies and guidance for 

new development. With regard to contaminated land, the NPPF states that planning policies and 

decisions should ensure that the site is suitable for its new use taking account of ground 

conditions, including pollution arising from previous uses and proposed mitigation.  

Legislation 

8.3 The list below sets out the main legislative drivers for managing risks to human health and the 

environment from land contamination: 

 Part IIA of the Environmental Protection Act (1990); 

 Environment Act (1995); 

 Contaminated Land (England) Regulations (2006); 

 Groundwater Regulations (2008), which transpose the EC Groundwater Directive 80/68/EC 

into UK law; 

 Groundwater (England and Wales) Regulations (2009); 

 Water Environment (Water Framework Directive) (England and Wales) Regulations (2003), 

which transpose the Water Directive 200/60/EC into UK law;  

 Environmental Permitting (England and Wales) Regulations (2010) as amended; and 

 Environmental Liability Directive (2004/35/EC). 

8.4 Under Part IIA of the Environmental Protection Act (EPA), sites are identified as ‘contaminated 

land’ if they are causing or if there is a significant possibility of causing significant harm to human 

health or significant pollution of controlled waters. ‘Controlled waters’ are defined in Section 104 
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of the Water Resources Act (1991) as including both inland freshwaters (e.g. lakes, ponds, rivers) 

and groundwaters (i.e. any waters contained in underground strata). 

Guidance 

8.5 The assessment also has regard to the following relevant guidance: 

 Environmental Protection Act 1990: Part 2 A Contaminated Land Statutory Guidance (Defra, 

2012); 

 British Standards BS 10175 (2011) Investigation of Potentially Contaminated Sites; 

 Contaminated Land Report 11 (Environment Agency, 2004); and 

 Groundwater Protection: Principles and Practice (GP3) (2012). 

Consultation 

8.1 No consultation with stakeholders or consultees has been undertaken in respect of geology, 

hydrogeology or ground conditions.  Desk based information was obtained for the proposed cable 

route from Groundsure (Groundsure, 2016), which contains data from databases operated by the 

Environment Agency (EA), British Geological Survey and East Devon District Council.  

Methodology 

8.2 The methodology for the assessment of baseline conditions and contamination at the site follows 

the phased approach presented in CLR 11 (EA, 2004). The assessment of baseline conditions 

and contamination risks generally follows a 2 stage process, Phase 1 and Phase 2. Phase 1 

comprises a desk top study and preliminary risk assessment and Phase 2 comprises intrusive 

investigations. Where risks are found to be low at Phase 1 the second phase can be avoided. 

8.3 A Phase 1 assessment has been undertaken for the cable route and is presented in this chapter.  

This comprises a desk top study of historical land use from available sources to develop a 

baseline characterisation for the site and a conceptual model of risk (Preliminary Risk 

Assessment).    

8.4 The baseline characterisation of the site has been used to develop a Conceptual Site Model 

(CSM), which identifies the existing ground conditions using the source-pathway-receptor 

pollutant linkage approach: 

 Source: potential contaminant sources; 

 Pathway: the mechanism by which the source may affect a receptor; and 

 Receptor: identified features that may be affected, based on the sensitivity of the site. 

8.5 The assessment considers the potential risk to environmental receptors and the pathways by 

which the receptors may be affected. This includes an evaluation of the probability of harm 
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occurring, taking into account potential sources of contamination and receptors that may be 

affected by such contamination.  

Limitations of the Assessment 

8.6 It has not been necessary to undertake a site visit and ground truthing of the desk-based 

information has been made from photographs and observation notes taken by an RPS member 

of the Environment Reporting team.  

8.7 Given the historical and current uses across the majority of the cable route (as identified in Table 

8.3), there are not considered to be any widespread contamination sources. Therefore, there are 

no data limitations that would affect the conclusions of this assessment.   

Risk Assessment 

Baseline Conditions 

8.8 For ease of referencing and describing the baseline conditions, the proposed cable route has 

been divided into Sections A-D (see Figure 8.1). 

Published Geological Information 

8.9 British Geological Survey data (1:50,000) for the proposed cable route is identified in the table 

below. 

Table 8.1: Published Geology for the Proposed Cable Route 

Section of 

Cable Route 

Geology Rock Description Hydrogeology 

A Superficial  

Made Ground  N/A N/A 

Alluvium Clay, silt, sand and 
gravel 

Secondary A Aquifer 

Head Deposits Sandy with clay and 
gravel 

Secondary A Aquifer 

River Terrace Deposits 4 & 5 Sand and gravel Secondary A Aquifer 

Bedrock 

Aylesbeare Mudstone Group Silty mudstone and 
clayey siltstone with 
local occurrences of 
clayey fine-grained 
sandstone. 

Secondary B Aquifer 

B Superficial 

Head Deposits 1 Clay, silt, sand and 
gravel 

Secondary Aquifer 
(Undifferentiated) 
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Section of 

Cable Route 

Geology Rock Description Hydrogeology 

Alluvium Clay, silt, sand and 
gravel 

Secondary Aquifer 
(Undifferentiated) 

Bedrock 

Exmouth Mudstone and 
Sandstone Formation 

Silty mudstone with 
sandstone beds. 

Secondary A Aquifer 

Littleham, Mudstone 
Formation 

Silty mudstone with 
sporadic thin beds of 
silt and silty sand. 

Secondary B Aquifer 

Aylesbeare Mudstone Group Silty mudstone and 
clayey siltstone with 
local occurrences of 
clayey fine-grained 
sandstone 

Secondary B Aquifer 

C Superficial 

Alluvium Clay, silt, sand and 
gravel 

Secondary Aquifer 
(Undifferentiated)   

Head Deposits Sandy with clay and 
gravel 

Secondary A Aquifer 

Head Deposits 1 Clay, silt, sand and 
gravel 

Secondary Aquifer 
(Undifferentiated)   

River Terrace Deposits 2 Sand and gravel Secondary A Aquifer 

Bedrock 

Budleigh Salterton Pebble 
Formation 

Horizontally-bedded 
gravel with 
subordinate cross-
bedded pebbly sand 
and sand.  

Principal Aquifer 

Otter Sandstone Formation Fine to medium-
grained sandstone, 
with weathering of 
sand near the 
surface. 

Principal Aquifer 

Littleham Mudstone 
Formation 

Silty mudstone with 
sporadic thin beds of 
silt and silty sand 

Secondary B Aquifer 

D Superficial  

Made Ground N/A N/A 

Alluvium Clay, silt, sand and 
gravel 

Secondary A Aquifer 
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Section of 

Cable Route 

Geology Rock Description Hydrogeology 

River Terrace Deposits 2 Gravel. 

Sand and gravel. 

Secondary A Aquifer 

Head Sand with clay and 
gravel 

Secondary A Aquifer 

Saltmarsh Deposits Clay and silt Non Productive 
Strata 

Bedrock 

Otter Sandstone Formation  Fine to medium-
grained sandstone, 
with weathering of 
sand near the 
surface 

Principal Aquifer 

8.10 The proposed cable route is predominantly underlain by Alluvium/Head/River Terrace Deposits 

which are classified as Secondary A Aquifers or Secondary Aquifers (Undifferentiated). They 

contain permeable layers which support the movement of groundwater and are capable of 

supporting local groundwater supplies and in some cases, forming an important source of base 

flow to rivers.  

8.11 Bedrock is typically mudstone in the north and centre of the proposed cable route (i.e. Sections A 

and B), turning to gravel and sandstone in the south of the route (Sections C and D). The 

mudstone is predominantly lower permeability which may store/yield limited amounts of 

groundwater due to localised features (e.g. fissures), whereas, the gravel and sandstone are 

highly permeable (via intergranular and fracture permeability) and typically provide high levels of 

water storage.  

8.12 Groundwater is relatively shallow, particularly in Section C of the proposed route. In Section D, 

groundwater is likely to be affected by the tide.  The Phase 1 Habitat Survey (Figure 3.2) 

identifies areas of flush and wet dwarf shrub heath adjacent to the River Otter in Section D, 

indicating the possibility of at or near surface groundwater or tidal influences.  

Licensed Groundwater and Surface Water Abstractions 

8.13 According to the Groundsure report (Groundsure, 2016) a number of abstraction licences exist 

within the vicinity of the proposed cable route. Abstractions from groundwater and surface water 

sources within 150 m of the cable route are identified in the table below and shown on Figure 8.2.  
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Table 8.2 Current Licensed Groundwater/Surface Water Abstractions Within 150 m 

Section of 

Cable Route 

Purpose of Abstraction 

and Source 

Licence Holder Direction and 

Approximate 

Distance from the 

Site 

A *General Use (Well at 
Borrowton Farm) 

Stephens and Scown 60 m East 

*General Farming and 
Domestic (Elbury Farm 
Borehole) 

Lee and Son 110 m South west 

*General Use (Well at 
Coppice Farm) 

Ponsford 140 m East 

General Use (Well at Till 
House Farm) 

EE Trump & Son 150 m North 

B No abstractions within 150 m 

C Potable Water Supply 

(Raleigh Borehole No. 2) 

South West Water 
Services Ltd 

On site 

Spray Irrigation (Unnamed 
stream)  

Bicton College of 
Agriculture 

On site 

Spray Irrigation (Reservoir) Bicton College of 
Agriculture 

35 m North west 

*General Farming and 
Domestic (tapped spring) 

Executors of Miss 
Kerr 

143 m West 

D Spray Irrigation (Unnamed 
watercourse) 

BA Pyne & Son 20 m East 

Spray Irrigation (Kersbrook 
Stream) 

RA Pyne  20 m East 

*General Use and Spray 
Irrigation (Tributary to River 
Otter) 

Till 105 m East 

* denotes that the licence is historical but still remain valid 

Source Protection Zones 

8.14 Groundwater Source Protection Zones (SPZs) are defined by the Environment Agency around 

areas where groundwater is abstracted to provide potable water supplies. The SPZs are used to 

monitor the risk of contamination to groundwater from potentially polluting activities and the 

accidental release of pollutants.  These are shown on Figure 8.2. 

8.15 Section C of the proposed cable route falls within the inner catchment (Zone 1), outer catchment 

(Zone 2) and the total catchment (Zone 3) of a SPZ. The SPZ is delineated around a public water 

abstraction point, which is located along the route.  The northern half of Section D falls within the 



FAB Link Interconnector: DRAFT UK Cable Route Environmental Risk Assessment Report Chapter 8: Geology, etc. 

July 2016 8-7  

 

total catchment (zone 3) of an SPZ with a small area also falling within the outer catchment (Zone 

2). These zones are delineated around public abstraction points located approximately 385 m 

east of the proposed cable route. There are no SPZs or public water abstractions on any other 

sections of the proposed cable route. 

Site History 

8.16 Historical Ordnance Survey (OS) maps between 1883 and 2016 have been reviewed as part of 

the assessment. The majority of the proposed cable route comprises open land which has been 

used for agricultural purposes. In some cases, land has been used for potentially contaminative 

activities, which are set out in the table below.   

Table 8.3 Historical and Current Industrial Land Uses on Site  

Section of 

Cable Route 

Land Use Dates Present 

A Nursery 1883 - 1967 

Railway Line (West of England Main 
Line) 

1883 - present 

B None  

C Smithy 1888 - 1903 

Ponds 1888 - 1960 

D Pond 1888 

Granary 1888 - 1905 

Railway (Budliegh and Salterton Branch) 1888 - 1980 

Nursery 1933 - 1980 

Water Pumping Station 2010 – present  

Waste Sites 

8.17 There is no evidence of any current or historical landfill sites or waste management facilities on 

the proposed cable route. The closest waste facility was a former landfill located approximately 

50 m to the east (Section C) which was licensed to accept inert and industrial wastes. The 

licence for the landfill was surrendered in 1993. 

Pollution Incidents 

8.18 The Environment Agency has one record of a pollution incident occurring on the cable route. It 

occurred in Section A of the proposed cable route in June 2001 and involved the deposit of 

biodegradable waste. It was a category 3 (minor) incident and there is no evidence of any 

repeated occurrences.  
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Designated Sites  

8.19 Section C of the proposed cable route is located within the East Devon Pebblebed Heaths 

Special Area of Conservation (SAC) and Site of Special Scientific Interest (SSSI) and also the 

East Devon Heaths Special Protection Area (SPA), although these are predominately designated 

for their ecology interest. Sections C and D also fall within the East Devon Area of Outstanding 

Natural Beauty (AONB). Section D of the proposed cable route is located adjacent to the Dorset 

and East Devon Coast World Heritage Site and approximately 5 m north east of the Otter Estuary 

SSSI, again designated for its ecology interest.  The beach immediately south of the car park is 

within the World Heritage Site designation.  All sections of the cable route are located within a 

Nitrate Vulnerable Zone. 

8.20 In terms of designated geological sites, Budleigh Salterton Cliffs SSSI is located approximately 

35m south west of the proposed cable route (Section D). The SSSI citation sheet describes the 

cliffs as “a magnificent coastal section exposing the full thickness of the Lower Triassic Budleigh 

Salterton Pebble Beds, a sequence of texturally mature conglomerates deposited by braided 

rivers. These include pebbles of Ordovician quartzite with indigenous fauna derived from the 

erosion of a ridge of much older Palaeozoic rocks”.   

8.21 There are no County Geology Sites along the proposed cable route. 

Surface Watercourses 

8.22 The proposed cable route crosses a number of surface watercourses including Cranny Brook, 

Grindle Brook, Knowle Brook, Budleigh Brook and Kersbrook Brook. These watercourses are 

likely to be supported by the more permeable superficial deposits and bedrock which underlie the 

proposed cable route and the wider area. The watercourses are discussed in more detail in the 

Hydrology and Flood Risk chapter (Chapter 7). 

UXO 

8.23 A desk study to identify the potential for UXO contamination along the route was undertaken in 

May 2016 (see Appendix 8.1).  The report concluded that the proposed route crosses areas of 

Low and Moderate Risk from UXO, with the main risk posed by German Aerial Delivered Bombs. 

The report made the following recommendations for future instructive works: 

 Areas of Low Risk – explosives safety and awareness briefings/site safety guidelines, and 

explosives safety consultant on call; and 

 Areas of Moderate Risk – intrusive magnetometer survey ahead of piling/boreholes, 

explosives site safety support for excavations, and non-intrusive magnetometer survey 

ahead of shallow works (<4 metres below ground level (m bgl)) if/where practical. 
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Preliminary Environmental Risk Assessment 

Preliminary Conceptual Site Model 

8.24 A preliminary Conceptual Site Model (CSM) has been developed using the baseline information 

to identify the potential contaminant sources, pathways and receptors (i.e. potential pollutant 

linkages) on the site. The CSM is described below. 

Source: On Site 

8.25 The majority of the proposed cable route has been used for agricultural purposes since at least 

the late 19th century.  In some sections of the route, land use has included localised industrialised 

activities (for example, smithies and nurseries). In Sections A and C, the proposed route also 

crosses an existing and a dismantled railway (i.e. the West of England mainline and the former 

Budleigh and Salterton branch line).   Potential contaminants are associated with these uses, for 

example, the use of chemicals in the nurseries, metals and fuels used in the smithies, and the 

use of ballast and clinker for the construction of the railways. Ponds were also shown on some of 

the historic maps and which have since been drained and infilled.  The nature and source of the 

material used to infill the ponds is unknown and therefore, may contain elevated levels of 

contaminants.  

8.26 These activities are considered to be low to medium risk uses, with the main potential 

contaminants likely to include hydrocarbons (Total Petroleum Hydrocarbons (TPH) and Polycyclic 

Aromatic Hydrocarbons (PAH)) and heavy metals. 

Source: Off Site 

8.27 The surrounding land use is predominantly agricultural with the main potential for contaminants to 

be located in and around farm buildings (for example, storage and maintenance of farm vehicles, 

fuel storage, pesticide stores, animal sheds and slurry stores). Historic maps also show evidence 

of mineral extraction in the vicinity of the proposed cable route, including several marl pits and 

gravel pits in Sections B and C, as well as a number of limekilns in Section D. These uses are 

considered to be low to medium risk uses in terms of contamination. A former gas works was 

identified in Section D close to the settlement of Granary. This is considered to be a very high risk 

use. However, the area was redeveloped by 1980 and again by 1992 and therefore, the source of 

potential contamination is likely to have been removed.    

Pathways 

8.28 The direct ingestion and dermal contact pathways would be active across the cable route for 

construction workers. However, this would be a temporary pathway during the construction 

works. 

8.29 The underlying Superficial Deposits contain permeable layers which may act as a pathway. The 

gravel and sandstone bedrock would act as a pathway due to their high intergranular and fracture 

permeability. The proposed cable route crosses surface watercourses in several locations and 

these may also act as a pathway. Aylesbeare Mudstone Group which underlies the north of the 

proposed route, has a predominantly low permeability and the leaching of any potential 

contaminants would be limited. 
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Receptors 

8.30 The receptors identified in the CSM are listed below: 

 construction workers,  

 Secondary A Aquifers associated with the Superficial Deposits (including any abstractions); 

and 

 Principal Aquifer associated with the Budleigh Salterton Pebble Formation and the Otter 

Sandstone Formation (including any abstractions). 

Preliminary Risk Assessment 

8.31 The table below presents an assessment of the potential risks with respect to contaminated land 

issues and the receptor group based on the intended development of the site. The assessment 

uses the CIRIA 552 criteria to define the level of risk based on the classification of probability and 

consequence of occurrence (available in Appendix 8.2).  

Table 8.4 Preliminary Risk Assessment 

Receptor Probability of 

Exposure 

Consequence of 

Exposure 

Risk Key Potential 

Contamination 

Linkages 

Human Health 

Construction 
workers 

Unlikely across 
the majority of 
the cable route 

 

 

Low likelihood in 
area of railway 
and former 
industrialised 
activities and 
ponds 

Minor 

 

 

 

Mild 

Very low risk  

 

 

 

Low risk 

 

None identified. 

 

 

 

Minor risk from 
localised 
contamination 
associated with 
industrialised 
activities. 

 

Controlled Waters 

Secondary A 
Aquifers  

Unlikely across 
the  majority of 
the site 

 

Low likelihood in 
area of railway 
and former 
industrialised 
activities and 
ponds 

Minor 

 

 

Mild 

Very low risk 

 

 

Low risk 

None identified. 

 

 

Limited potential for 
new pathways to be 
created during 
construction of cable 
trench. 
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Receptor Probability of 

Exposure 

Consequence of 

Exposure 

Risk Key Potential 

Contamination 

Linkages 

Principal 
Aquifers  

Low likelihood 
where no 
superficial 
deposits present 

Mild Low risk None identified. 

Construction Impacts 

Disturbance to Designated Geological Sites 

8.32 The Budleigh Salterton Cliffs SSSI is located approximately 35m south west of the proposed 

cable route (Section D). Given the distance from the cable route there is unlikely to be an impact 

from construction activities.  

Disturbance to the Secondary A Aquifers 

8.33 The proposed cable route requires the construction of up to two cable trenches approximately 

1.5 m deep (maximum 2 m) and up to 2.5 m wide. Topsoil will be stripped and stockpiled at the 

edge of the working corridor and kept separate from the stockpiles of subsoil. Where the cable 

route has to cross large obstacles (such as the A30, A3052 and the railway line) trenchless 

techniques will be used.  The depth of the cable route at these crossing points is expected to be 

up to 5 m below ground level. Groundwater is likely to be encountered at these depths, 

particularly in Sections C and D of the proposed route. 

8.34  Areas of the proposed cable route are underlain by Secondary A Aquifers (primarily the 

superficial deposits) containing permeable layers which can be utilised for local groundwater 

supplies. Environment Agency records identify a number of groundwater abstractions within 

150 m of the proposed cable route. The source of these abstractions is not known, however, they 

may be supported by the Secondary A Aquifers underlying the site and in the immediate vicinity.  

Along the majority of the cable route, there is unlikely to be an impact on the groundwater 

resource within the Secondary A Aquifers due to the relatively shallow depth of the cable 

trenches. 

8.35 In the locations where thrust boring is undertaken, there is likely to be an impact on the 

Secondary Aquifers as a result of construction, however it will be relatively localised and short 

term. 

Disturbance to the Principal Aquifers 

8.36 Sections C and D of the route are underlain by Principal Aquifers (in the form of the Budleigh 

Salterton Pebble Formation and the Otter Sandstone Formation). These formations are highly 

permeable and can provide strategically important groundwater resources. A public water 

abstraction point is located within the proposed cable route and the route also falls within several 

SPZs (Sections C and D). The groundwater resource in this area is considered to be highly 

sensitive and measures will have to be taken during construction to minimise potential impacts, 

particularly in the area of the abstraction point and where any deep crossing points are proposed 

within the SPZ.    
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Disturbance to Groundwater Fed Surface Watercourses 

8.37 Indirect impacts may where trenching or trenchless techniques disturb the hydraulic connections 

between underlying groundwater and surface watercourses. The impacts will be of short term 

duration. 

Contamination of the Secondary A and Principal Aquifers 

8.38 The potential for significant widespread contamination along the majority of the proposed cable 

route as a result of former land uses is considered to be low.  Therefore, there is unlikely to be an 

impact in terms of mobilising existing contaminants during construction.  

8.39 However there is the potential for localised contamination. Elevated levels of contaminants may 

be encountered in the vicinity of the infilled ponds (due to the unknown source and nature of the 

infill material) and the areas of industrialised activity along the proposed route (i.e. the former 

smithy, nursery and railway). As a result there is the potential for the construction of the cable 

trench to create a pathway for these contaminants to the underlying Secondary A and Principal 

Aquifers.  

8.40 Geotechnical testing undertaken during detailed design will characterise ground conditions and 

identify if further soil analysis or remediation measures are required.  

8.41 Localised contamination of the soil and possibly groundwater within the Secondary A and 

Principal Aquifers may occur during construction as a result of leaks or spills of fuels, oils and 

chemicals. This is more likely to occur where groundwater exists at or near the surface or where 

trenchless techniques are used below the water table. The potential for contamination to occur 

would be reduced by implementing the pollution control mitigation measures as set out below.  

Proposed Mitigation Measures 

8.42 The following mitigation measures are proposed: 

 Undertake a hydrogeological risk assessment meeting the requirements of Groundwater 

Protection and Practice (GP3) (Environment Agency, 2012) where the cable route crosses a 

public water abstraction point ,and where trenchless techniques are proposed within SPZs 

and in locations underlain by the Principal Aquifer.  

 No oil or fuel should be stored within 50m of a spring, well or borehole or within 10m of a 

watercourse.  

 Store oil in accordance with The Control of Pollution (Oil Storage) (England) Regulations 

2001. 

 Implement measures to prevent and control the spillage of oil, chemicals and other 

potentially harmful liquids.  For example, provide a designated storage area with impervious 

hardstanding and an oil interceptor; provide secondary containment system that can hold at 

least 110% of the oil volume stored. 
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 If dewatering of excavations is required mitigation measures would be implemented to 

prevent pollution from sediment laden runoff. This could include measures such as passing 

pumped discharges through settlement/attenuation ponds and silt fences to capture 

sediments before release to the land, and diverting any clean surface water away from 

trenches. 

 Refuel machinery in designated areas only where impervious hardstanding and interceptors 

are provided. 

 Undertake routine checks of machinery, tanks and pipework.  

 Provide appropriate spill kits on the construction site and laydown areas and train staff in 

their use.  

 Inform construction workers of the location of the infilled ponds and the potential for localised 

contamination. Provide training on the olfactory and visual signs to be aware of and the 

procedure to follow if contamination is suspected.  

 Areas of Low Risk of UXO Contamination – explosives safety and awareness briefings/site 

safety guidelines, and explosives safety consultant on call; and 

 Areas of Moderate Risk of UXO Contamination – intrusive magnetometer survey ahead of 

piling/boreholes, explosives site safety support for excavations, and non-intrusive 

magnetometer survey ahead of shallow works (<4 metres below ground level (m bgl)) 

if/where practical. 

Future Monitoring (Post-Construction Only) 

8.43 No future monitoring is proposed. 

Summary 

8.44 The Preliminary Risk Assessment did not identify any pollution linkages. The construction of the 

proposed cable route is unlikely to result in any impacts on designated geological resources. The 

underlying geology is highly sensitive as it provides a strategic groundwater resource. 

Construction along the majority of the route.  The proposed development is likely to cause a 

localised short term impact on the Secondary Aquifers. Where the route is underlain by a 

Principal Aquifer, construction is likely to result in potentially greater impact on the groundwater 

resource, in particular in the vicinity of the public water abstraction point, the SPZ and at major 

crossing points where thrust bore techniques are required.  The proposed route crosses areas of 

Low and Moderate Risk from UXO and mitigation measures are required to reduce the risk to 

human safety.   
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Executive Summary 
RISK ASSESSMENT  

Based on the factors below and the risk assessment undertaken, it has been determined that there are areas 
of Low, Moderate and High Risk from UXO in the assessed area of the proposed route, with the most 
elevated risk being posed by British Infantry Weapons, particularly Grenades. 

Importantly, whilst there are areas of High Risk that have been identified in the assessment area, the 
proposed route (as it stands) does not traverse these areas, only those of Low and Moderate Risk. The most 
elevated risk along the proposed route is posed by German Aerial Delivered Bombs.  

Due to the varying risk levels identified along the proposed route, a Risk Zone Map has been created to 
illustrate the varying risk levels. 

WWI Bombing -  As no specific records of WWI bombardment have been identified directly on or within the 
bounds of the route and, given the relatively small quantities of these bombs, the chances of encountering 
such an item are considered highly improbable. However, it is prudent to maintain an awareness of this 
source of UXO contamination given that bombs are known to have been dropped in the area. 

Military Positions - No evidence of these features has been identified upon the route itself although 
evidence has been found of defensive positions in the vicinity. It is felt that whilst the positions themselves 
are unlikely to pose a UXO risk, activities in their immediate surroundings have the potential to have left a 
legacy of UXO e.g. burial of caches. With this in mind, a Moderate Risk has been assigned within a 50m 
radius of the features, decreasing to Low Risk beyond this distance. Importantly, the proposed route does 
not pass within 50m of one of these features. 

A military training area both past and present known as Dalditch and more specifically, Woodbury Common 
is located in the area of the route. The area of Woodbury Common is used as a grenade range and as such 
the potential for encountering grenades in the area is increased. Due to the nature of the range, a 50m buffer 
has been drawn around the perimeter with the area within this buffer being designated High Risk, however; 
again the proposed route does not pass within this area.  

Offshore practice areas have been identified in Practice and Exercise Area (PEXA) charts covering the area 
of the proposed route including a rifle range and a live bombing range. Whilst the practice areas are at such 
a distance they are deemed unlikely to have had a direct impact on the route, their presence should be 
borne in mind, especially when working in the vicinity of the cable’s landfall at Budleigh Salterton. This is due 
to the underlying potential for items to have migrated from the areas to within the bound of the proposed 
route.  

AAA - No AAA positions have been identified immediately upon the route although positions have been 
identified in close proximity. There is the same underlying potential for caches to have been stored in the 
vicinity of positions and as such, a Moderate Risk level has been installed with a 50m radius about each AAA 
battery. Given the relatively high level of aerial activity that was witnessed by the area, particularly around 
Exeter and the airfield, the potential for unexploded projectiles to have landed within the bounds of the route 
is considered plausible and as such should be borne in mind during intrusive works.  

WWII Bombing - Luftwaffe bombers were known to have been operating in the area with RAF Exeter being 
subjected to numerous attacks and bombing raids. Indeed, aerial imagery shows numerous bomb craters in 
the area of the airfield. Incendiary devices are also known to have been dropped in the vicinity and caused 
damage to the airfield buildings. As such, it is considered that there is the potential for UXBs to be present in 
the area surrounding the airfield.  

The railway line in Budleigh Salterton is also known to have been attacked during the war although the exact 
location of the attack is unknown. Whilst the lines have been removed, the potential to encounter UXBs in 
the vicinity remains.  

Several bombing decoys are present in the wider area which may well have caused Luftwaffe bombers to 
jettison their bombs in rural areas rather than the cities. Further to this, the numerous anti-aircraft measures 
in the area are likely to have been targeted to allow safe passage for Luftwaffe planes. 
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With the above factors in mind, it is considered that there are numerous potential targets along the route with 
the potential for UXBs to be found in the area. 

WWII Access - During WWII, the vast majority of the route appears to have been open fields and rural land. 
Some areas of the route were near features such as RAF Exeter and the town of Budleigh Salterton with an 
increased footfall and thus an increased probability that signs of UXO would have been spotted and 
investigated. For the majority of the route however, this would not have been the case and there is the 
significant potential for entry holes/damage caused by bombs to have gone unnoticed given its rural nature. 
Given the damage caused by bombs in and around the airfield at Exeter, there is also the potential for signs 
of UXBs to have been covered and subsequently missed during any searches.  

Post WWII Development - The proposed route still traverses largely open rural ground with very little 
development being present. Whilst roads are followed / traversed, the vast majority appears to be 
agricultural land thus limited earthworks are deemed likely to have taken place over the course of the route.  

RECOMMENDATIONS FOR FUTURE INTRUSIVE WORKS 

Based on the assessed risk the following mitigation is recommended to be implemented in support of works 
taking place across the route: 

Areas of Low Risk 

 Explosives Safety & Awareness Briefings / Site Safety Guidelines, 
 Explosives Safety Consultancy on Call. 

Areas of Moderate Risk 

 Intrusive Magnetometer Survey ahead of Piling / Boreholes, 
 Explosives Site Safety Support for Excavations, 
 Non-intrusive magnetometer survey ahead of shallow works (<4m bgl) if / where practical. 
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1 Introduction 
1.1 Instruction 

RPS Explosives Engineering Services (RPS EES), part of RPS Energy Ltd, has been commissioned by RPS 
Planning and Development on behalf of FAB Link Limited to conduct a desktop study for potential 
Unexploded Ordnance (UXO) contamination along the proposed onshore UK cable route as part of the FAB 
Link project. 

1.2 Definitions 

The term ‘route’ refers to the area encompassing the extent of the works associated with the proposed 
onshore UK cable route as part of the FAB Link project. This report will generally focus on activities that 
occurred on the route and its immediate surroundings. A location map is presented at Appendix 1.2A, which 
details the extent of the route. Selected terminology referred to throughout this report is presented at 
Appendix 1.2B. 

1.3 Scope of Work 

The purpose of this study is to assess the likelihood of buried historic air delivered ordnance and/or 
unexploded ordnance (UXO) related items to be present within the footprint of the route. Moreover, to then 
evaluate the implications of potential items during any future land use. 

The route is considered to offer a potential explosives risk based on the following: 

 Enemy Bombing - the general area sustained aerial attacks during the German air raids, and as 
such there is the potential for aerial delivered ordnance to have been deployed in the area local to 
the route. 

 Anti-Aircraft Artillery (AAA) Shells - AAA Batteries were used in the defence of key strategic 
positions during WWII and it is believed that they were situated in the area during this period. 
Projectiles that were fired and failed to explode could have landed in the vicinity of the route. 

 Infantry/Training Munitions - Mortars, Grenades, Projectiles and Small Arms Ammunition (calibres 
less than 20mm).  

 RAF Airfield Activities - The route traverses areas near WWII era RAF bases. Therefore, there is 
the potential for activities at nearby airfields to have left a legacy of munitions contamination. 

1.4 Legislation 

Whilst undertaking this desk study the requirements of a number of legislations have been borne in mind, as 
presented at Appendix 1.4.  

1.5 Objectives 

The primary objective of this document is to ensure the safety of personnel and civilians in the vicinity of the 
route, with regard to any impacts from potential UXO contamination and to identify the potential risk of 
uncovering either buried unexploded ordnance or explosive devices. Research into the history of the route 
and its immediate surroundings, has been undertaken to establish the following:  

 Frequency and intensity of WWII bombing raids, 
 Bomb impacts and associated damage, 
 Review of military activity in the area, 
 Records of Explosive Ordnance Clearance tasks or bomb disposal activities during and after WWII, 
 The potential for UXO to remain on the route, 
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 Route-specific assessment of the penetration depths of UXO to determine the risk horizon on the 
route.  

The main sources of information consulted are presented at Appendix 1.5.  

1.6 Reporting Conditions 

It must be emphasised that a desk study can only indicate the potential for UXO related items to be present 
on the route, and dependent on the information identified throughout the Desk Study Process further UXO 
mitigation may be advised / recommended prior to/in support of any future redevelopment and / or works on 
the route. Any such recommendations are discussed later in this document. It should be noted that any 
recommendations made may need to be altered, or further mitigation may be advised, if information outside 
of that already covered within the Desk Study subsequently comes to light. This desk study did not involve 
any non-intrusive survey or intrusive route investigation works. 

Our appraisal relies on the accuracy of the information contained in the documents consulted and that RPS 
will in no circumstances be held responsible for the accuracy of such information or data supplied. 

Records of air raids, bomb damage, casualties and the locations of UXB were rarely released into public 
domain in the interest of National Security. Furthermore, details relating to these records are often difficult to 
locate. The records compiled were only as detailed and accurate as the availability of time, personnel and 
the ease of access to information would allow. Densely populated areas, such as those associated with 
major cities tended to have a greater number of records than those produced for the more provincial, or rural 
areas. Official records were often supplemented by press reports and local information. This source of 
information was sometimes discredited as being inadvertently inaccurate, or purposely made inaccurate, in 
order to confuse enemy intelligence. Even the accuracy of classified official records is somewhat dubious. 
This stance has been borne out by the amount of unrecorded German UXO and part exploded ordnance 
discovered since 1945. 
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2 Route Details and Description 
2.1 Route Location & Description 

The FAB Link project involves the installation of a High Voltage Direct Current (HVDC) electricity 
interconnector between France and Britain via the island of Alderney, the construction of a HVDC to HVAC 
converter station near to Exeter Airport and onward connection via buried HVAC cables to the National Grid 
substation near Broadclyst, Exeter.   

This report covers the British section of the onshore cable route which is approximately 20km in length and 
includes both HVDC and HVAC cables as well as the converter station the route and its adjacent laydown 
area. The section of the route located on Alderney is presented in a separate report, EES0678-R-02-00. 

This section of the route runs from its landing point near Budleigh Salterton on the south coast to a 
substation located approximately 2.4km north east of Broadclyst near Exeter via a converter station near 
Exeter Airport.  

The route traverses mostly open ground consisting of fields although roads and railway lines are also located 
along the route.  

2.1.1 Area of Interest 

For the purposes of this study, RPS has prepared a 10km buffer around the onshore areas of the proposed 
FAB link route within the UK, cropped approximately to the coastline. 

2.2 Proposed Scheme of Work 

RPS has been informed that, “The project configuration in UK and Alderney is planned as two symmetrical 
monopoles and hence will include four 320kV HVDC cables (most likely to be laid in bundled pairs)”. 

These cables are to be buried at a maximum depth of 2.5m by means of trenching. The various proposed 
cross sections of the installed cables have been presented at Appendix 2.2.  

The cable will be installed by Horizontal Directional Drilling (HDD) where the cable makes landfall at the UK 
although this will be at greater than 2.5m.  

2.3 Geology 

One of the most important factors in assessing the maximum ordnance penetration depth is to establish the 
route geology. The ground conditions will predominately determine the path of ordnance. Furthermore, the 
consistency and thickness of any pre WWII made ground should be considered, as this would have the 
potential to significantly limit the penetration. The ordnance penetration calculation will be discussed later in 
this report. 

At this stage, RPS EES has not been provided with any route specific geological / geotechnical information. 
Given the length of the route it is considered highly likely that the underlying strata encountered along the 
route will vary considerably.  
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3 British Military Impacts / Sources 
3.1 General 

The following sections present information identified regarding to the various types of military positions 
typically found historically around areas of the UK during periods of war. Further information regarding 
relevant types of positions can be seen at Appendix 3.1A. 

Each of the features outlined in the subsequent sections of this chapter have been presented in GIS 
mapping, plans of which can be found at Appendix 3.1B where applicable.  

3.2 WWII Defensive Positions 

No evidence has been uncovered to suggest the presence of these installations within the footprint of the 
route itself, however these have been found present within the local area. 

The nearest of these positions include an anti-tank block approximately 85m from the route and a pillbox 
approximately 110m from the route’s southern end, likely in closer proximity to the landing point at Budleigh 
Salterton. Further positions are located with 500m of the route near Exeter Airport, once an RAF airfield.  

Whist the positions are relatively close to the route, they are unlikely to ever have been used in anger/active 
combat and as such, the potential for them to be a source of UXO at any great distance is deemed unlikely. 
This said there is the potential that caches could have been located in their immediate vicinity.  

3.3 WWII Anti Aircraft Artillery (AAA) Positions 

No records have been identified of AAA positions being located upon the route itself. 

The closest recorded AAA defences are reported to have been a Light Anti-Aircraft (LAA) position at Parsons 
Lane, 123m from the route and a Heavy Anti-Aircraft (HAA) position, at Parkstone Golf Course, 
approximately 530m away. Several further AAA positions have been identified within a 10km radius of the 
proposed route which has the potential to have had an impact on the route including sites at Holbrook, 
Faringdon and Huxham. Numerous LAA positions were also located in and around the RAF Exeter site.  

No records of Z batteries in the direct vicinity of the route have been identified. 

3.4 Military Presence / Training 

No records of past / present training areas have been identified directly upon the route of the proposed 
cable. Several areas with a military background have been identified in the wider area.  

A WWII era training camp known as Dalditch has been identified to the west of the route. The camp was 
relatively large in size and would have been readily visible by air thus having the potential to have been 
targeted by the Luftwaffe.  

The area is currently used as a Royal Marines training area including an area denoted as Woodbury 
Common serving as a grenade range. This range is located approximately 1.2km south west of the route at 
its nearest point. The area is segregated into two areas, an internal ‘protected area’ and a ‘controlled area’. 
Access to the protected area is prohibited without direction. Given the nature of the range, it is considered 
that the risk of encountering an item of ordnance originating from the range would decrease dramatically with 
distance. As such, it is believed the range would be unlikely to have a direct impact on the route.  
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The presence of the training area does raise the possibility of encountering UXO in the form of Small Arms 
Ammunition (SAA) and Land Service Ammunition (LSA) in the wider area due to the fact military personnel 
would have been operating in the area. It is believed this would be indiscriminate items that were lost or 
dropped during exercises as the camp would likely have its own magazine where munitions would be safely 
stored.  

3.4.1 Practice and Exercise Areas (PEXA) 

Upon review of PEXA charts, RPS has identified that a rifle range is present at Lympstone, denoted as area 
X5015 located approximately 2.3km from the landing point of the route. The range points out into the English 
Channel and as such is deemed unlikely to have a direct impact on the proposed route itself.   

Further to this, PEXA charts also depict a live bombing range located in the Channel known as Lyme Bay 
North or area D012. This area is located approximately 4.7km from the landing point of the proposed route.  

Whilst these features are at such a distance they are deemed unlikely to have had a direct impact on the 
route, there is the underlying potential for items originating from these sources to migrate to the shore and 
thus the landing point of the route.  

3.5 Airfields 

RPS has identified that RAF Exeter was located approximately 120m from the route at its nearest point. The 
presence of the airfield is likely to have drawn attention to the area which is shown by the number of 
defensive positions located at the airfield identified earlier in this report.  

Further to this, the fact the airfield was a military establishment also raises the possibility of encountering 
items of UXO akin to the training area outlined above.  

3.5.1 RAF Exeter 

RAF Exeter was an active airfield used by British, Polish and American forces during the war.  

The airfield was initially used as a testing ground for aircraft and experimental flights but due to the fall of 
France, fighter aircraft were moved to the airfield. The first engagement with enemy aircraft came on the 11th 
August 1940 when fighters were sent to engage the Luftwaffe over Portland.  

The airfield was attacked five times in early 1941 with the worst attack taking place on the 05th April. Three 
low flying bombers attacked the airfield destroying the main hangar and sixteen aircraft. 

The airfield was attacked on the 12/13th May 1941 when the city of Exeter was the main focus of enemy 
action. Incendiary devices and HE bombs fell on the airfield with a large portion of the RAF camp reportedly 
going up in flames.  

On the 12th February 1942, the airfield was attacked by three Dornier Do 217s before the Baedecker raids 
began in April. During one raid all bar one of the aircraft made it through to Exeter due to weather conditions 
however; the subsequent day saw another raid in which damage was caused.  

The airfield was passed to the Ministry of Civil Aviation on 01st January 1947 after 691 Squadron left and 
was used by Chrislea Aircraft Ltd. to make small aircraft. A Refresher Flying School (RFS) moved to the 
airfield in 1949 but this was later disbanded in June 1954. A Civilian Anti-Aircraft Co-operation Unit (CAACU) 
was also present from 1951 until 1971. The only RAF unit left at this point was used to provide flights to ATC 
and CCF units.  

Devon County Council took over the aircraft in 1974 and since this time the runway has been extended with 
the airport becoming Exeter International Airport. 

Aerial imagery of the airfield from WWII has been presented at Appendix 3.5.1. Several of these images 
clearly show bomb damage and craters in the vicinity of the airfield. 
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3.6 Munitions Production Facilities 

No evidence of historic munitions production facilities has been identified at, or directly adjacent to, the route. 

The Exeter Munitions Company was located on Cowick Street in eastern Exeter. At this point the munitions 
being manufactured in the factory are unknown but given the distance it is deemed unlikely to have had a 
direct impact on the route.  

A factory known as Delaney Gallay Ltd. was present in the village of Exwick approximately 10km from the 
route and manufactured equipment for cooling aircraft engines. It is believed highly unlikely that this factory 
would have had an impact on the route in regards to a UXO legacy.  
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4 German Aerial Bombing 
The following sections present the relevant information that has been identified with regard to German Aerial 
Bombardment of the UK during historic periods of wartime. Further supplemental information regarding these 
periods, and the sources of information consulted are presented in the relevant appendices. Basic overviews 
of the WWI and WWII bombing campaigns against the UK are presented at Appendix 4. 

4.1 WWI German Bombing 

No specific records of WWI bombardment have been identified in the direct vicinity of the route. 

Given the quantities of these bombs, the chances of encountering such an item are considered highly 
improbable. However, it is prudent to maintain an awareness of this source of UXO contamination.  

4.2 WWII German Bombing 

4.2.1 German Bombing Targets 

RPS EES has looked at several sources and based on the information available, RPS has considered that 
the following Luftwaffe targets were situated within the local vicinity of the study area.  

 Airfields - as mentioned previously, the route is in close proximity to Exeter airport, formerly and 
RAF airfield. The airfield is known to have been attacked by the Luftwaffe with numerous bombing 
raids occurring in the area,  

 Anti-Aircraft Defences - AAA & HAA positions were located throughout the area, particularly 
around the airfield, in order to immobilise the Luftwaffe aerial threat. These AAA positions would 
have therefore been specifically targeted by the Luftwaffe in order to allow German bombers safe 
passage into the city, 

 Industrial / Commercial Areas - the plentiful industrial and commercial areas present throughout 
the general area are likely to have presented themselves as important targets as the Luftwaffe tried 
to disrupt Britain’s industrial capabilities, 

 Railway Infrastructure - as located in a close proximity to and traversing the route, railway lines 
were essential for the transport of people, goods and weapons throughout WWII, and as such the 
Luftwaffe often targeted significant railway lines in an attempt to cause as much hindrance as 
possible to the war effort. 

A number of Luftwaffe Aerial reconnaissance images are presented at Appendix 4.2.1, which also highlight a 
number of specific targets within the vicinity of the route. Whilst these images are centred on the city itself, 
they do show that the Luftwaffe had a presence in the area.  

4.2.2 Details of Air Raids 

Classified records, Local Government reports, Air Raid Precaution (ARP) reports and RPS archive 
documents relating to local air raids have been examined. It should be noted that air raid records in no way 
constitute a full account of air raids that may have occurred during the war period. Details of identified air 
raids against the area of the route during WWII are presented at Appendix 4.2.2. 

These records highlight a significant level of enemy bombing with several features struck by bombs including 
the RAF airfield and munitions factory in western Exeter. The city was one of those targeted by a series of 
raids known as the Baedecker Raids which were in retaliation to a British raid on Germany. 

Budleigh Salterton was also subject to attack by the Luftwaffe although not to the same extent as that 
witnessed by Exeter. 



 

 

  

 

EES0678 R-01-02 8 

The fact a high level of bombing was directed at Exeter raises the possibility of bombs having been 
jettisoned indiscriminately in rural areas between the city and the coast by German planes returning to 
Europe after having failed to reach the city. 

4.2.3 Air Raid Precaution (ARP) Bomb Census Mapping 

RPS has identified a bomb census map covering Exeter from the night of the 03rd May 1942. Whilst the map 
does not show the route itself, it does highlight that a significant number of bombs fell within the city of Exeter 
even on this single raid. 

Given the number of raids that occurred and the intensity at which the airfield appears to have been 
attacked, it is considered that there is significant potential for UXBs to be located in and around these 
features.  

This map has been presented at Appendix 4.2.3.  
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5 Potential Ordnance Details 
Based on the information collected at this juncture RPS considers that the following types of ordnance have 
the potential to have been utilised on, or in the vicinity of the route: 

 German High Explosive Aerial Delivered Bombs - description & examples are presented at 
Appendix 5A, 

 German Aerial Delivered Bomblets - description & examples are presented at Appendix 5B, 
 British Anti-Aircraft Artillery Shells / Projectiles - description & examples are presented at 

Appendix 5C, 
 British Infantry Munitions - description & examples are presented at Appendix 5D, 
 Small Arms Ammunition - description & examples are presented at Appendix 5E, 
 British (Practice) Bombs - description & examples are presented at Appendix 5F. 
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6 Risk Horizon 
6.1 General 

The risk horizon at a site will depend on the expected types of ordnance to be encountered, and the manner 
in which they may have been deposited at the site. The following diagram provides a basic simplified 
overview of the ‘zones’ within the ground where different types of ordnance may typically be encounter at 
onshore sites within the UK: 

 

6.2 Risk Horizon Assessment 

When assessing the potential for ordnance ground penetration it is essential not to rely solely on either an 
empirical, statistical and arithmetical formula. Experience has shown that a realistic depth is gained by 
considering the above approaches supplemented by experience and any accounts of Bomb Disposal Tasks. 

Penetration depths detailed relate to the depths below ground level at the time of penetration. If levels have 
changed significantly since such time, this could have an effect on the likely depths that UXO could be 
present relative to current ground levels in the area of the route. 

Background information on Bomb Penetration Depths can be found at Appendix 6.2. 

Due to the fact that the surface and geological conditions are likely to vary significantly across the AOI, it 
should be considered that separate locations should be considered individually throughout any subsequent 
works programme. 
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Should mitigation be required on the route, where applicable and possible, the potential bomb penetration 
depth may be able to be further verified / assessed by UXO personnel in attendance, on a location by 
location basis, when the sub surface strata become exposed. 

Penetration depths detailed relate to the depths below ground level at the time of penetration. If levels have 
changed significantly since such time, this could have an effect on the likely depths that UXO could be 
present relative to current ground levels in the area of the route. 

6.2.1 Land Service Ammunition / Shallow Buried UXO 

Where there is potential for shallow buried caches / abandoned UXO / unexploded Land Service Ammunition 
(grenades, mortars, projectiles, SAA) and / or Landmines, RPS considers that an appropriate risk horizon of 
up to 3m below ground level (bgl) should be considered. 

6.2.2 General Purpose / High Explosive Bombs 

Where there is a risk from aerial delivered bombs, RPS EES typically assesses the bomb penetration for 
sites based on the typical penetration depths for a ~500kg / 1000lb bomb, due to these being the larger of 
the common

This said, at this stage RPS is unaware of any aerial delivered ordnance that may have been utilised within 
the AOI, as such any assessed potential Risk Horizon may need to be verified and modified / revised 
following / during subsequent works if/when information has been identified. 

 sizes utilised during historic bombing raids. 

No accounts of aerial bombardment have been identified within the vicinity of the AOI.  However where there 
is the potential for buried UXB, the risk horizon will be greatly increased. Due to the variation in geology 
across the length of the route, there is the potential for risk horizon to also vary.  

As such, for guidance purposes at this stage, RPS considers that an appropriate risk horizon in areas with 
potential for buried UXB, based on penetration depths for a 500kg / 1000lb bomb, and dependant on the 
specific geological conditions, is up to 16m bgl. It should be considered that this is with the exception of any 
coastal beach / intertidal areas, where this should be considered to be up to 20m bgl due to significantly 
softer / loosely consolidated sediments potentially present at / near the surface. 
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7 Regulatory Authority Data  
7.1 Abandoned Bomb Register 

The Home Office has been contacted requesting information on abandoned bombs along the route.  

At the time of issue, no response had been received from the Home Office. Should a response be received 
with pertinent information, a revision of this report will be issued. 

7.2 MoD Explosive Ordnance Disposal (EOD) Archives  

Unfortunately, RPS EES has received a response that states that the archives are unable to respond to 
requests until further notice. RPS has been advised that an official Freedom of Information (FOI) request 
should be made in order to attain the information at this juncture.  

RPS EES has made FOI requests in a bid to obtain such information through the official channels however; 
RPS EES is at this juncture awaiting a response in regards the point of contact for such information.  
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8 Explosive Ordnance Contamination Risk 
Assessment 
8.1 General 

Risk assessment is a formalised process for assessing the level of risk associated with a particular situation 
or action. It involves identifying the hazards and the potential receptor that could be affected by this hazard. 
The degree of risk is associated with the potential for a pathway to be present linking the hazard to the 
receptor. This relationship is usually summarised as the Source – Pathway – Receptor.  

8.1.1 Unexploded Ordnance Detonation Characteristics 

Since the end of WWII, there have been a limited number of recorded incidents in the UK where ordnance 
have detonated during engineering works, though a significant number of bombs have been discovered. 
Information and discussion pertaining to the UXO detonation characteristics can be seen at Appendix 8.1.1. 

8.2 Sources / Hazards 

Previous sections of this report have highlighted a number of activities that are known to have occurred 
on/around the route. The following sections will assess if they have the potential to cause significant 
explosive ordnance contamination.  

Source of Contamination Contaminate 

German Bombing 
High Explosive Bombs 

Incendiary Bomblets 

British Anti Aircraft Artillery  Primarily 3”, 3.7”, 4.5” and 6” Projectiles 

British Infantry/Training 
Munitions 

Mortars, Grenades, Bombs, Small Arms Ammunition Rounds (up to 
20mm calibre) 

Table 8.2 Sources of Contamination 

8.3 Pathway 

The pathway is described as the route by which the hazard reaches the site personnel. Given the nature of 
the route the only pathways would be during: 

 Enabling Works, 
 Intrusive Site Investigations (Trial holes / trenches, boreholes, window samples), 
 Trenching, 
 HDD. 
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8.4 Receptors 

Sensitive receptors applicable to this site would be:  

 People (Site Personnel, Construction Works & General Public), 
 Plant and Equipment, 
 Structures (Including existing buildings and nearby properties), 
 Environment. 

8.5 Risk Assessment 

The following sections contain the risk assessment for the route, prior to the implementation of any risk 
mitigation measures. For the risk to be properly defined, several factors have to be taken into account, 
including the consequences of initiation and the probability of encountering UXO on the route. The technique 
used to assess level of risk is detailed in the diagram below: 
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8.5.1 Risk Assessment Matrix 

In order to identify an appropriate risk mitigation strategy for the works it is now necessary to complete a 
semi-quantitative assessment of the identified risks.  

Once the factors detailed above have been assessed for the route, the consequence level is obtained from 
the table presented in Appendix 8.5.1, which provides a consequence rating depending upon the severity. 
The probability is also deduced and given a rating. These two ratings are then combined to determine the 
final risk levels to the proposed route works from the various threat items, using the risk matrix in Appendix 
8.5.1, taking into account the potential UXO threat items as detailed earlier.  

Following is the risk assessment for the route prior to the implementation of any risk mitigation measures.  
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KEY: N: Negligible  L: Low  M: Moderate  H: High 

Table 10.5.1 Risk Assessment Matrix (*See Appendix 8.5.1 for assessment scheme) 
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8.6 Risk Assessment Analysis 

WWI Bombing - As no specific records of WWI bombardment have been identified directly on or within the 
bounds of the route and, given the relatively small quantities of these bombs, the chances of encountering 
such an item are considered highly improbable. However, it is prudent to maintain an awareness of this 
source of UXO contamination given that bombs are known to have been dropped in the area. 

Military Positions - No evidence of these features has been identified upon the route itself although 
evidence has been found of defensive positions in the vicinity. It is felt that whilst the positions themselves 
are unlikely to pose a UXO risk, activities in their immediate surroundings have the potential to have left a 
legacy of UXO e.g. burial of caches. With this in mind, a Moderate Risk has been assigned within a 50m 
radius of the features, decreasing to Low Risk beyond this distance. Importantly, the proposed route does 
not pass within 50m of one of these features. 

A military training area both past and present known as Dalditch and more specifically, Woodbury Common 
is located in the area of the route. The area of Woodbury Common is used as a grenade range and as such 
the potential for encountering grenades in the area is increased. Due to the nature of the range, a 50m buffer 
has been installed around the perimeter with the area within this buffer being designated High Risk, however; 
again the proposed route does not pass within this area.  

Offshore practice areas have been identified in PEXA charts covering the area including a rifle range and a 
live bombing range. Whilst the practice areas are at such a distance they are deemed unlikely to have had a 
direct impact on the route, their presence should be borne in mind, especially when working in the vicinity of 
the landing point. This is due to the underlying potential for items to have migrated from the areas to within 
the bound of the proposed route.  

AAA - No AAA positions have been identified immediately upon the route although positions have been 
identified in close proximity. There is the same underlying potential for caches to have been stored in the 
vicinity of positions and as such, a Moderate Risk level has been installed with a 50m radius about each AAA 
battery. Given the relatively high level of aerial activity that was witnessed by the area, particularly around 
Exeter and the airfield, the potential for unexploded projectiles to have landed within the bounds of the route 
is considered plausible and as such should be borne in mind during intrusive works.  

WWII Bombing - Luftwaffe bombers were known to have been operating in the area with RAF Exeter being 
subjected to numerous attacks and bombing raids. Indeed, aerial imagery shows numerous bomb craters in 
the area of the airfield. Incendiary devices are also known to have been dropped in the vicinity and caused 
damage to the airfield buildings. As such, it is considered that there is the potential for UXBs to be present in 
the area surrounding the airfield.  

The railway line in Budleigh Salterton is also known to have been attacked during the war although the exact 
location of the attack is unknown. Whilst the lines have been removed, the potential to encounter UXBs in 
the vicinity remains.  

Several bombing decoys are present in the wider area which may well have caused Luftwaffe bombers to 
jettison their bombs in rural areas rather than the cities. Further to this, the numerous anti-aircraft measures 
in the area are likely to have been targeted to allow safe passage for Luftwaffe planes. 

With the above factors in mind, it is considered that there are numerous potential targets along the route with 
the potential for UXBs to be found in the area. 

WWII Access - During WWII, the vast majority of the route appears to have been open fields and rural land. 
Some areas were nearby features such as RAF Exeter and the town of Budleigh Salterton that may have 
had an increased footfall. For the majority of the route however, this would not have been the case and there 
is the significant potential for entry holes / damage caused by bombs to have gone unnoticed. Given the 
damage caused by bombs in and around the airfield at Exeter, there is also the potential for signs of UXBs to 
have been covered and subsequently missed during any searches.  
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Post WWII Development - The proposed route still traverses largely open rural ground with very little 
development being present. Whilst roads are followed / traversed, the vast majority appears to be Greenfield 
land thus limited earthworks are deemed likely to have taken place over the course of the route.  

8.7 Final Risk Level(s) 

Based on the aforementioned factors, and the risk assessment undertaken it has been determined that there 
are areas of Low, Moderate and High Risk from UXO in the assessed area of the proposed route, with the 
most elevated risk being posed by British Infantry Weapons, particularly Grenades. 

Importantly, whilst there are areas of High Risk that have been identified in the assessment area, the 
proposed route (as it stands) does not traverse these areas, only those of Low and Moderate Risk. The most 
elevated risk along the proposed route is posed by German Aerial Delivered Bombs.  

8.7.1 Risk Zoning 

Due to the variation in conditions and risk altering factors in specific areas of the route, RPS has produced a 
Risk Zones Plan, shown at Appendix 8.7.1, with areas of Low, Moderate and High risk in applicable areas 
of the route. The maps cover a boundary of 10km hence why the areas of High Risk are included despite the 
route not traversing these locations.  

Buffer dimensions have been selected based both upon the nature of the relevant feature and accounting for 
potential inaccuracy from the information source/digitising.  As such, records of similar feature types may 
have been given varying buffer sizes to account for potential offset / inaccurate positioning.   

The risk zones presented are based on the following criteria:  

High Risk Zones – 3mbgl Risk Horizon 

 Military facilities - facilities where there is an elevated potential for UXO to be encountered (i.e. the 
practice range in which grenades are used). 

Moderate Risk Zones – 16mbgl Risk Horizon 

 Airfields (Attacked) – where evidence / reference has been identified of aerial attacks against an 
airfield a 1.5km buffer has been added to the location inaccuracy to account for potential mis-
directed / inaccurate attacks against the airfield, 

 Bombing – areas where positive evidence of historical aerial bombardment has occurred, in non-
tidal/inter-tidal areas, 

 Potential Targets – defensive features such as HAA batteries that may have been highlighted by the 
Luftwaffe as targets for bombing.  

Moderate Risk Zones – 3mbgl Risk Horizon 

 Defence / Military related features – buffers primarily based on the possibility of encountering buried 
caches / discarded items of UXO in the immediate vicinity of such a feature. 

Low Risk Zones 

 Areas where none of the above stated, or other, factors relating to potential UXO contamination have 
been identified. 

Please note the risk zones presented are based on the worst case scenario for that location and as such the 
most elevated risk and horizon are utilised to define a risk zone. 

In areas where there has been limited confident evidence to indicate the presence of UXO Risk Factors 
within, it would be prudent to acknowledge the evidence of UXO Risk Factors in the general area, and keep 
these borne in mind during future operations in the area. 
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9 Recommendations 
9.1 The ‘ALARP’ Principle 

Based on the risk assessment outlined previously, RPS has found there to be a Low and Moderate risk from 
UXO during works taking place on the route. As mentioned previously, areas of High risk have been 
identified in the assessed area however the proposed route does not traverse these locations. 

On the routes where a risk from UXO has been identified, an aim must be mitigate the UXO risk to as low as 
is reasonably practicable (ALARP); considering safety and cost vs. benefit. Further detail & diagrammatic 
representations of the ALARP principles are presented at Appendix 9.1A. 

Based on the assessed risk the following mitigation is recommended to be implemented in support of works 
taking place across the route: 

Areas of Low Risk 

 Explosives Safety & Awareness Briefings / Site Safety Guidelines, 
 Explosives Safety Consultancy on Call. 

Areas of Moderate Risk 

 Intrusive Magnetometer Survey ahead of Piling / Boreholes, 
 Explosives Site Safety Support for Excavations, 
 Non-intrusive magnetometer survey ahead of shallow works (<4m bgl) if / where practical. 

Full descriptions of each of the mitigation recommendations are presented at Appendix 9.1B. 
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Appendix 1.2A 
Route Location Map  



UPDATE
EES0678

Area of Interest

LM RP

27-05-2016

02EES0678-D-001

N otes
1. Th is drawing h as b een prepared in ac c ordance with  th e sc ope of RPS’s appointm ent with  its c lient 
and is sub jec t to th e term s and conditions of th at appointm ent. RPS ac cepts no liab ility for any use 
of th is docum ent oth er th an b y its c lient and only for th e purposes for wh ic h  it was prepared and provided.
2. If received elec tronically it is th e rec ipients responsib ility to print to c orrec t scale. 
Only written dim ensions sh ould b e used.

Status:
Job Ref:

Title:

Drawn By: Checked By:

Date Created:

Rev:Drawing Number:

© 2016 RPS Group

Geodetic Information:
CS: British  N ational Grid
Datum : OSGB 1936

www.rpsuxo.com
+44 (0) 845 638 4760

Scale: A3Paper Size:

LE
GE

ND

Service Layer Credits: Sources: Esri, HERE, DeLorm e, Interm ap, inc rem ent P Corp., GEBCO, USGS, FAO, N PS, N RCAN , GeoBase, IGN , Kadaster N L,
Ordnance Survey, Esri Japan, METI, Esri Ch ina (Hong  Kong ), swisstopo, Mapm yIndia, © OpenStreetMap contrib utors, and th e GIS User Com m unity

Explosives Engineering Services

Proposed Route Corridor (13/05/2016)
10km  Buffer
Coastline (OpenStreetMap)

0 1,500 3,000 4,500 6,000750
Meters

1:79,000
P

FAB Link Lim ited

Project:

Client:

FAB Link - UK

Please Note: Th e locations sh own are based on th e inform ation identfied/provided, and sh ould be used for general g uidance only.          Not to be used for Navigation.
Certain inform ation is dig itsed based on varying  resolutions and quality of h istorical/th ird party sources, upon wh ic h  h ig h  ac curacy cannot b e guaranteed.  

289500

289500

299500

299500

309500

309500

10
00

00

10
00

00

Page 1 of 3



UPDATE
EES0678

Area of Interest

LM RP

27-05-2016

02EES0678-D-001

N otes
1. Th is drawing h as b een prepared in ac c ordance with  th e sc ope of RPS’s appointm ent with  its c lient 
and is sub jec t to th e term s and conditions of th at appointm ent. RPS ac cepts no liab ility for any use 
of th is docum ent oth er th an b y its c lient and only for th e purposes for wh ic h  it was prepared and provided.
2. If received elec tronically it is th e rec ipients responsib ility to print to c orrec t scale. 
Only written dim ensions sh ould b e used.

Status:
Job Ref:

Title:

Drawn By: Checked By:

Date Created:

Rev:Drawing Number:

© 2016 RPS Group

Geodetic Information:
CS: British  N ational Grid
Datum : OSGB 1936

www.rpsuxo.com
+44 (0) 845 638 4760

Scale: A3Paper Size:

LE
GE

ND

Service Layer Credits: Sources: Esri, HERE, DeLorm e, Interm ap, inc rem ent P Corp., GEBCO, USGS, FAO, N PS, N RCAN , GeoBase, IGN , Kadaster N L,
Ordnance Survey, Esri Japan, METI, Esri Ch ina (Hong  Kong ), swisstopo, Mapm yIndia, © OpenStreetMap contrib utors, and th e GIS User Com m unity

Explosives Engineering Services

Proposed Route Corridor (13/05/2016)
10km  Buffer
Coastline (OpenStreetMap)

0 1,500 3,000 4,500 6,000750
Meters

1:79,000
P

FAB Link Lim ited

Project:

Client:

FAB Link - UK

Please Note: Th e locations sh own are based on th e inform ation identfied/provided, and sh ould be used for general g uidance only.          Not to be used for Navigation.
Certain inform ation is dig itsed based on varying  resolutions and quality of h istorical/th ird party sources, upon wh ic h  h ig h  ac curacy cannot b e guaranteed.  

299500

299500

309500

309500

90
00

0

90
00

0

Page 2 of 3



UPDATE
EES0678

Area of Interest

LM RP

27-05-2016

02EES0678-D-001

N otes
1. Th is drawing h as b een prepared in ac c ordance with  th e sc ope of RPS’s appointm ent with  its c lient 
and is sub jec t to th e term s and conditions of th at appointm ent. RPS ac cepts no liab ility for any use 
of th is docum ent oth er th an b y its c lient and only for th e purposes for wh ic h  it was prepared and provided.
2. If received elec tronically it is th e rec ipients responsib ility to print to c orrec t scale. 
Only written dim ensions sh ould b e used.

Status:
Job Ref:

Title:

Drawn By: Checked By:

Date Created:

Rev:Drawing Number:

© 2016 RPS Group

Geodetic Information:
CS: British  N ational Grid
Datum : OSGB 1936

www.rpsuxo.com
+44 (0) 845 638 4760

Scale: A3Paper Size:

LE
GE

ND

Service Layer Credits: Sources: Esri, HERE, DeLorm e, Interm ap, inc rem ent P Corp., GEBCO, USGS, FAO, N PS, N RCAN , GeoBase, IGN , Kadaster N L,
Ordnance Survey, Esri Japan, METI, Esri Ch ina (Hong  Kong ), swisstopo, Mapm yIndia, © OpenStreetMap contrib utors, and th e GIS User Com m unity

Explosives Engineering Services

Proposed Route Corridor (13/05/2016)
10km  Buffer
Coastline (OpenStreetMap)

0 1,500 3,000 4,500 6,000750
Meters

1:79,000
P

FAB Link Lim ited

Project:

Client:

FAB Link - UK

Please Note: Th e locations sh own are based on th e inform ation identfied/provided, and sh ould be used for general g uidance only.          Not to be used for Navigation.
Certain inform ation is dig itsed based on varying  resolutions and quality of h istorical/th ird party sources, upon wh ic h  h ig h  ac curacy cannot b e guaranteed.  

299500

299500

309500

309500

319500

319500

80
00

0

80
00

0

Page 3 of 3



 

 

  

 

EES0678 R-01-02   

Appendix 1.2B 
Terminology 
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Explosives Engineering Services 

Terminology 
 

 

Explosive Ordnance Disposal (EOD) - The detection, identification, evaluation, rendering safe, recovery 

and disposal of UXO. 

 

Fuze- A designed and manufactured mechanism to activate munitions. It can be designed for use by  

electrical, chemical or mechanical systems, by push, pull, pressure, release and time activation, singly or 

in combination. Usually consists of an igniter and detonator. 

 

High Explosive (HE) - An explosive that normally detonates rather than burns; that is, the rate of detona-

tion exceeds the velocity of sound. 

 

Initiation - A physical process that sets in motion a cascade of chemical reactions of ever increasing  

energy (the explosive chain) that will eventually generate sufficient energy (the velocity of detonation) to  

allow the main charge to detonate in a violent, explosive chemical reaction, releasing energy in the form 

of heat and blast. 

 

Unexploded Bomb (UXB) -The term UXB refers to any WWII aerial-delivered unexploded bomb,  

torpedo, projectile or mine consisting of a complete ferrous casing (without tailfins) weighing 50kg or 

greater. 

 

Unexploded Ordnance (UXO) - Explosive Ordnance that has been primed, fuzed, armed or otherwise 

prepared for action, and which has been fired, dropped, launched, projected or placed in such a manner 

as to constitute a threat to the safety and/or security of people, animals, property or material and remains 

unexploded either by malfunction or design or for any other reason. 

 

UXO Contamination - UXO that is present, within any given physical context that is considered to be an 

impediment to the safe on-going or intended use of a facility, including geological features. Safety in this 

instance is measured against an acceptable level of exposure to the potential risks that UXO present. 
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Explosives Engineering Services 

Glossary 
 

AAA  Anti-Aircraft Artillery 

Allied Forces  The Allies of World War II were the countries officially opposed to the Axis powers  

during the Second World War 

ARP  Air-raid Precautions 

BD  Bomb Disposal (historic term for EOD) 

BDO  Bomb Disposal Officer 

bgl Below Ground Level 

EOC Explosive Ordnance Clearance 

EOD Explosive Ordnance Disposal 

FP  Fire Pot (Incendiary bomb) 

HE  High Explosive 

IB  Incendiary Bomb 

Kg Kilogram 

LSA Land Service Ammunition 

Luftwaffe  German Air Force 

mbgl  Metres Below Ground Level 

MoD  Ministry of Defence 

OB  Oil Bomb 

PM Parachute Mine 

RAF Royal Air Force 

RPS RPS Group Plc 

SC Sprengbombe-Cylindrisch, thin cased General Purpose Bomb 

SD Sprengbombe-Dickwandig, Semi-Armour-Piercing Fragmentation Bomb 

SI  Site Investigation 

Sqm  Square Metres 

USAAF United States Army Air Forces 

UXB  Unexploded Bomb 

UXO  Unexploded Ordnance 

WWI  First World War (1914 -1918) 

WWII  Second World War (1939 – 1945) 
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Whilst undertaking this desk study the requirements of a number of legislations has been borne in mind, as presented following: 
 

 Manufacture and Storage of Explosives Act 2005. 

 Health & Safety at Work etc Act 1974. 

 Construction (Design & Management) Regulations 2007. 

 Control of Substances Hazardous to Health (COSHH) Regulations 2002. 

 Personal Protective Equipment at Work Regulations 1992. 

 
The Manufacture and Storage of Explosives Act 2005 does not specifically relate to UXO, but rather to the safety procedures and 
requirements associated with the storage and manufacturing of items containing explosive compounds. Even though this  
legislation is not directly applicable to site works where UXO may be encountered, there are several pertinent points which may 
be borne in mind when undertaking works on sites which pose a risk from  encountering UXO, for example: 
 
Disposal of explosives and decontamination of explosive-contaminated items   

 Any person who disposes of explosives shall ensure, so far as is reasonably practicable, that they are disposed of safely. 

 Any person who decontaminates explosive-contaminated items shall ensure, so far as is reasonably practicable, that they 

are decontaminated safely. 

 No person shall store explosives unless he holds a licence for their storage and complies with the conditions of that  

licence. 
 
These points just reinforce that when a significant risk from UXO is identified on a site, it is essential for proper procedures to be 
put in place and in higher risk scenarios for trained Explosives Safety Personnel to be present on site to mitigate the risks, and be 
on hand to handle the situation in the event of a suspicious item / UXO discovery. 
 
The Reporting of Injuries, Diseases and Dangerous Occurrences Regulations 1995 (RIDDOR), place a legal duty on:  
 

 employers;  

 self-employed people;  

 people in control of premises;  

 
To report work-related deaths, major injuries or over-three-day injuries, work related diseases, and dangerous occurrences (near 
miss accidents). 
 
These regulations do not directly apply to UXO, but under the RIDDOR legislation it is stated that as an employer, a person who is 
self-employed, or someone in control of work premises you must report “dangerous occurrences - where something happens that 
does not result in an injury, but could have done”. As such, where a site has been shown to present a risk from UXO this legisla-
tion should be borne in mind if an eventuality occurs where an item of UXO is uncovered. 
 
Although the Health & Safety at Work etc Act 1974 and the Construction (Design & Management) Regulations 2007 do not  
specifically require a search for unexploded ordnance, there is an obligation on those responsible for intrusive works to ensure 
that comprehensive assessment and risk mitigation measures are taken with regard to all underground hazards on site. 
 
The Health & Safety at Work etc Act 1974 - Section 3, states: 
 

1. It shall be the duty of every employer to conduct his undertaking in such a way as to ensure, so far as is reasonably  
practicable, that persons not in his employment who may be affected thereby are not thereby exposed to risks to their 
health or safety. 

2. It shall be the duty of every self-employed person to conduct his undertaking in such a way as to ensure, so far as is rea-
sonably practicable, that he and other persons (not being his employees) who may be affected thereby are not thereby 
exposed to risks to their health or safety. 

3. In such cases as may be prescribed, it shall be the duty of every employer and every self-employed person, in the  
prescribed circumstances and in the prescribed manner, to give to persons (not being his employees) who may be affected 
by the way in which he conducts his undertaking the prescribed information about such aspects of the way in which he 
conducts his undertaking as might affect their health or safety. 

 
Construction (Design & Management) Regulations 2007 - Regulation 10 states: 
 (2) The pre-construction information shall consist of all the information in the client's possession (or which is reasonably  
 obtainable), including – 
 (a) Any information about or affecting the site or the construction works. 
 
In addition to the above, the importance of adhering to safe systems of work should also be borne in mind, and explosives and 
their residues may have an implication concerning PPE requirements and COSHH. 
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Sources of Information 

 RPS related site records. 

 RPS Company records. 

 Central and Local Government records. 

 National Archives. 

 Historic maps, photographs and records. 

 Internet Research. 

 

Supplemental Sources of Historical Information Consulted 

The following additional sources were consulted for general background information: 

 Clark, N.J. (1996) Adolph Hitler’s Home Counties Holiday Snaps – German Aerial Recon-

naissance Photography of Southern England 1939-1942. N.J.Clarke Publications: Lyme 

Regis. 

 Fegan, T (2002) The ‘Baby Killers’ German Air Raids on Britain in the First World War.  Pen 

& Sword Books Limited. 

 Hyde, A (2002) The First Blitz – The German Air Campaign Against Britain 1917-1918. Leo 

Cooper: South Yorkshire 

 Ramsey, W.G. (1988) The Blitz Then and Now, Volumes 1, 2 & 3. Battle of Britain Prints 

International Limited. 

 Fleischer, W (2003) German Air Dropped Weapons to 1945. Midland Publishing and Ste-

phen Thompson Associates. 
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WWII Defensive Positions 

The term defensive position refers to structures designed to repel invading forces, such as Anti Aircraft 

Artillery (AAA) positions, infantry and gun emplacements, bunkers and anti-tank positions. In addition, 

balloon anchorages, searchlight positions, air raid shelters and other military assets are also associated 

with these types of positions and were targeted by German Forces.  

Appendix 3.1A:  Examples of WWII Defensive Positions 

Examples of  Pillboxes  

Example of a Vickers Gun Emplacement 
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Appendix 3.1A: Examples of WWII Anti Aircraft Artillery 

Example of a Light Anti-aircraft battery  

Example of Heavy Anti Aircraft Artillery Example of a Bofors Light Anti 
Aircraft Gun 

AAA batteries were often located around large towns and cities as an integral defence mechanism 

against the German Air Force bombers. Typically the Royal Artillery would man such defences. The AAA 

defence around Britain comprised mainly 4.5” Heavy AAA gun batteries and 3.7” AAA batteries. 

The significance of AAA posi-

tions located close to a site is 

that firstly the Germans may 

have attempted to bomb the 

batteries and secondly un-

exploded shells or “blinds” 

may have landed in the gen-

eral vicinity . 

Anti Aircraft Artillery 
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‘Z’ Batteries 

In addition, to further defend 

against air attack, smaller more 

mobile batteries were also de-

ployed using lower calibre pro-

jectiles. “Z” batteries, which 

fired Rockets, also known as 

‘Un-rotated Projectiles’ (UP), 

were stationed in parts as a fur-

ther form of anti aircraft artillery 

defence.  

Appendix 3.1A:  Examples of WWII Anti Aircraft ’Z’ Batteries 



 

 

  

 

EES0678 R-01-02   

Appendix 3.1B 
UXO Features Map 



INITIAL ISSUE
EES0678

UXO  Features

LM RP

27-05-2016

00EES0678-D-003

Notes
1. Th is drawing h as b een prepared in ac c ordance with  th e sc ope of RPS’s appointm ent with  its c lient 
and is sub jec t to th e term s and conditions of th at appointm ent. RPS ac cepts no liab ility for any use 
of th is docum ent oth er th an b y its c lient and only for th e purposes for wh ic h  it was prepared and provided.
2. If received elec tronically it is th e rec ipients responsib ility to print to c orrec t scale. 
O nly written dim ensions sh ould b e used.

Status:
Job Ref:

Title:

Drawn By: Checked By:

Date Created:

Rev:Drawing Number:

© 2016 RPS Group

Geodetic Information:
CS: British  National Grid
Datum : O SGB 1936

www.rpsuxo.com
+44 (0) 845 638 4760

Scale: A3Paper Size:

LE
GE

ND

Service Layer Credits: Sources: Esri, HERE, DeLorm e, Interm ap, increm ent P Corp., GEBCO , USGS, FAO , NPS, NRCAN, GeoBase, IGN, Kadaster NL,
O rdnance Survey, Esri Japan, METI, Esri Ch ina (Hong  Kong ), swisstopo, Mapm yIndia, © O penStreetMap contrib utors, and th e GIS User Com m unity

Explosives Engineering Services

Proposed Route Corridor (13/05/2016)
10km  Buffer
15km  Buffer
Airfield
Targ et for Air Raids

! Airfield Dispersal Pen
!. Barrage Balloon

O Bom b ing  Dec oy
#0HAA
# LAA
" Pillb ox
!< Radar
!> Range

k Searc h lig h t
Coastline (O penStreetMap)

0 1,250 2,500 3,750 5,000625
Meters

1:80,000
P

FAB Link Lim ited

Project:

Client:

FAB Link - UK

Please Note: Th e locations sh own are based on th e inform ation identfied/provided, and sh ould be used for general g uidance only.          Not to be used for Navigation.
Certain inform ation is dig itsed based on varying  resolutions and quality of h istorical/th ird party sources, upon wh ic h  h ig h  ac curacy cannot b e guaranteed.  

289500

289500

294500

294500

299500

299500

304500

304500

309500

309500

314500

314500

95
00

0

95
00

0

10
00

00

10
00

00

10
50

00

10
50

00

Page 1 of 3



INITIAL ISSUE
EES0678

UXO  Features

LM RP

27-05-2016

00EES0678-D-003

Notes
1. Th is drawing h as b een prepared in ac c ordance with  th e sc ope of RPS’s appointm ent with  its c lient 
and is sub jec t to th e term s and conditions of th at appointm ent. RPS ac cepts no liab ility for any use 
of th is docum ent oth er th an b y its c lient and only for th e purposes for wh ic h  it was prepared and provided.
2. If received elec tronically it is th e rec ipients responsib ility to print to c orrec t scale. 
O nly written dim ensions sh ould b e used.

Status:
Job Ref:

Title:

Drawn By: Checked By:

Date Created:

Rev:Drawing Number:

© 2016 RPS Group

Geodetic Information:
CS: British  National Grid
Datum : O SGB 1936

www.rpsuxo.com
+44 (0) 845 638 4760

Scale: A3Paper Size:

LE
GE

ND

Service Layer Credits: Sources: Esri, HERE, DeLorm e, Interm ap, increm ent P Corp., GEBCO , USGS, FAO , NPS, NRCAN, GeoBase, IGN, Kadaster NL,
O rdnance Survey, Esri Japan, METI, Esri Ch ina (Hong  Kong ), swisstopo, Mapm yIndia, © O penStreetMap contrib utors, and th e GIS User Com m unity

Explosives Engineering Services

Proposed Route Corridor (13/05/2016)
10km  Buffer
15km  Buffer
Airfield
Military Exerc ise - Bom b ing
Military Exerc ise - Grenade
Military Exerc ise - Mixed

Military Installation
Targ et for Air Raids

p Airfield
! Airfield Dispersal Pen
!. Barrage Balloon
O Bom b ing  Dec oy

G Defensive Earth work / Trenc h
#0HAA
# LAA
" Pillb ox
!< Radar
!> Range

k Searc h lig h t
Coastline (O penStreetMap)

0 1,250 2,500 3,750 5,000625
Meters

1:80,000
P

FAB Link Lim ited

Project:

Client:

FAB Link - UK

Please Note: Th e locations sh own are based on th e inform ation identfied/provided, and sh ould be used for general g uidance only.          Not to be used for Navigation.
Certain inform ation is dig itsed based on varying  resolutions and quality of h istorical/th ird party sources, upon wh ic h  h ig h  ac curacy cannot b e guaranteed.  

294500

294500

299500

299500

304500

304500

309500

309500

314500

314500

85
00

0

85
00

0

90
00

0

90
00

0

95
00

0

95
00

0

Page 2 of 3



INITIAL ISSUE
EES0678

UXO  Features

LM RP

27-05-2016

00EES0678-D-003

Notes
1. Th is drawing h as b een prepared in ac c ordance with  th e sc ope of RPS’s appointm ent with  its c lient 
and is sub jec t to th e term s and conditions of th at appointm ent. RPS ac cepts no liab ility for any use 
of th is docum ent oth er th an b y its c lient and only for th e purposes for wh ic h  it was prepared and provided.
2. If received elec tronically it is th e rec ipients responsib ility to print to c orrec t scale. 
O nly written dim ensions sh ould b e used.

Status:
Job Ref:

Title:

Drawn By: Checked By:

Date Created:

Rev:Drawing Number:

© 2016 RPS Group

Geodetic Information:
CS: British  National Grid
Datum : O SGB 1936

www.rpsuxo.com
+44 (0) 845 638 4760

Scale: A3Paper Size:

LE
GE

ND

Service Layer Credits: Sources: Esri, HERE, DeLorm e, Interm ap, increm ent P Corp., GEBCO , USGS, FAO , NPS, NRCAN, GeoBase, IGN, Kadaster NL,
O rdnance Survey, Esri Japan, METI, Esri Ch ina (Hong  Kong ), swisstopo, Mapm yIndia, © O penStreetMap contrib utors, and th e GIS User Com m unity

Explosives Engineering Services

Proposed Route Corridor (13/05/2016)
10km  Buffer
15km  Buffer
Military Exerc ise - Artillery
Military Exerc ise - Bom b ing
Military Exerc ise - Firing
Military Exerc ise - Mixed

Military Installation
Targ et for Air Raids

#0 Coast Artillery
#0HAA
# LAA
" Pillb ox

!< Radar
Coastline (O penStreetMap)

0 1,250 2,500 3,750 5,000625
Meters

1:80,000
P

FAB Link Lim ited

Project:

Client:

FAB Link - UK

Please Note: Th e locations sh own are based on th e inform ation identfied/provided, and sh ould be used for general g uidance only.          Not to be used for Navigation.
Certain inform ation is dig itsed based on varying  resolutions and quality of h istorical/th ird party sources, upon wh ic h  h ig h  ac curacy cannot b e guaranteed.  

294500

294500

299500

299500

304500

304500

309500

309500

314500

314500

319500

319500

75
00

0

75
00

0

80
00

0

80
00

0

85
00

0

85
00

0

Page 3 of 3



 

 

  

 

EES0678 R-01-02   

Appendix 3.5.1 
Aerial Photos of Exeter Airfield 
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Source: American Air Museum, (Barry Anderson, Army Air Forces Stations (Alabama, 1985)  ) 
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Source: American Air Museum, (Barry Anderson, Army Air Forces Stations (Alabama, 1985)  ) 
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Source: American Air Museum, (Barry Anderson, Army Air Forces Stations (Alabama, 1985)  ) 
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Source: American Air Museum, (Barry Anderson, Army Air Forces Stations (Alabama, 1985)  ) 
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Appendix 4 
German Bombing Campaigns Overview 
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WWI German Bombing 

 

During the First World War (WWI) Zeppelin airships followed by ‘Gotha’ and ‘Giant’ bombers conducted a  

succession of attacks dropping high explosive (HE) and incendiary bombs on Britain. The level of enemy bombing 

seen during WWI does not compare to that of WWII, nevertheless bombs were dropped on Britain. 

 

WWII German Bombing 

 

From the onset of WWII the German Air Force’s (Luftwaffe) primary goals were to destroy key military assets such 

as airfields, during a series of daylight bombing raids. Shortly after, their plans changed to include targets such as 

economic and industrial sites, railway infrastructure, power stations, weapon manufacturing plants and gas works. 

Eventually, the amount of daylight raids was reduced and the attacking of targets commenced under the cover of 

darkness. Ultimately, the Germans resorted to attacking civilian areas through the ‘carpet bombing’ of major towns 

and cities, most notably during “The Blitz”, which was in retaliation of the Allied bombing campaign.  

RPS records indicate that the German bombing campaign during WWII saw the extensive use of a series of High 

Explosive (HE) filled bombs ranging in size from the relatively small 50kg bomb through to the 250kg, 500kg, 

1,000kg and 1,800kg bombs to the largest at 2,500kg.  The Luftwaffe also used parachute mines, incendiary/fuel 

bombs and anti-personnel bomblets. In the later stages of the war, vengeance weapons namely the V1 (doodle 

bug) and V2 (Long Range Rockets) were used.  The V2 rocket contained a 980kg high explosive filled warhead. 

Available records suggest that the most numerous bombs dropped over the majority of targets during WWII were 

50kg to 500kg HE bombs and incendiary devices.  It is a generally industry accepted rule, where no specific  

statistics are available, that on average, around 10% of the German HE bombs dropped during WWII failed to  

explode as designed. This percentage is based on empirical data that was collected and collated during WWII by 

the ARP, derived from bombing records. This statistic is primarily based on statistics from the London area (where 

the actual statistics vary widely across the region), but on average the failure rate resulted to around 10%. 
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Appendix 4.2.1 
Luftwaffe Aerial Reconnaissance Images 
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This aerial photo was reportedly taken on the 01.07.1940 over Exeter. 
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This aerial photo was reportedly taken on the 03.09.1940 over Exeter. 
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This aerial photo was reportedly taken in November 1940 over Exeter. 
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Appendix 4.2.2 
WWII Air Raid Records 
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Exeter Bombing Records 

Date Description 

07/08/1940 

A bomb was dropped on  Exeter causing damage and casualties at Charnley Avenue, Warwick, 
Glenbar and Glenella, Moreton Avenue, Green Lane and Prescott Road. 
A bomb was dropped causing damage on Savile Road and Marrivale Road. 
A bomb was dropped on Cowick Street damaging the Exeter Munition Co. buildings.  
A bomb was dropped on Shooting Marsh Stile in the centre of Exeter.  
A bomb was dropped causing damage at Wardrew and Maple Road.  

16/08/1940 Two bombs were dropped in a field by Bovemoor Lane and a field by Mile Lane.  

06/09/1940 
A 250kg delayed action bomb failed to explode when dropped on Normandy Road. The bomb 
was later detonated at a safer location. 

11/09/1940 A single bomb failed to explode when dropped on the city.  

16/09/1940 
Two bombs were dropped north west of Exwick near Hamlyn Way. Evidence was also found of 
five craters north west of Exwick likely dropped by returning Luftwaffe aircraft. 

17/09/1940 Six bombs were dropped on the city.  

01/10/1940 A plane flew over Exeter returning from North Wales. 

30/10/1940 Reconnaissance planes were spotted over Exeter. 

28/11/1940 
Two bombs, potentially large land mines, were dropped on Exeter at Woodstock/Cranbrook 
Road and one in an open field. 

16/01/1941 Four bombs were dropped on Exeter at Magdalen Bridge.  

12-13/03/1941 A single plane dropped bombs on Exeter as an alternative target.  

03-04/04/1941 Exeter airfield was attacked by three low flying aircraft. 

12-13/04/1941 Exeter airfield was attacked. 

13-14/04/1941 Exeter airfield was attacked. 

21-22/04/1941 Bombs were dropped on Exeter and Exeter airfield during a raid. 

29-30/04/1941 Six planes attacked Exeter airfield.  

04/05/1941 
Exmouth Junction was attacked by machine gun fire with damage also being caused at the rail-
way line, Western Road, Lynwood Avenue, Exe Street and Bonhay Road. The airfield was also 
attacked. 

06/05/1941 
Bombs were dropped over Exeter at Warwick Road, Birchy Barton Hill, Hill Barton Road, Ring-
swell Avenue, Honiton Road, Lower Hill Barton Road and Pinhoe Road.  

09-10/05/1941 Exeter airfield was attacked by twenty-two planes. 

11-12/05/1941 Exeter airfield was attacked and a Defiant was destroyed.  

23-24/04/1942 
Seven bombs were dropped on the city in the first of the Baedeker raids aimed at the city alt-
hough the main force of the attack was unable to locate the city due to cloud cover.  

25/04/1942 Parachute flares followed by bombs were dropped on Exeter. 

26/04/1942 A bomb and incendiary bombs were dropped over the Newtown area. 

03/05/1942 Incendiary bombs were dropped on Paris Street, Sidwell Street and Eastgate.  

03-04/05/1942 
30 aircraft attacked Exeter. An estimated 10,000 incendiary bombs and 160 HE bombs were 
dropped on the city. 
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Exeter Bombing Records contd. 

Date Description 

30/12/1942 
Bombs were dropped on Exeter. 
A UXB was reportedly found at Laburnum Road.  

Budleigh Salterton Bombing Records 

Date Description 

02-03/04/1941 A German Heinkel HE 111P-2 was shot down and crashed into the sea off Budleigh Salterton. 

04-05/07/1941 Damage was caused by bombing in Budleigh Salterton. 

17/04/1942 The railway line at Budleigh Salterton was attacked by German aircraft.  
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Appendix 4.2.3 
WWI Bomb Census Map 
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Appendix 5A 
Examples of German Aerial Delivered Bombs 
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High Explosive / General Purpose Bombs 

General-purpose bombs come in many shapes and sizes depending on the intention of the bombing  

mission. Generally, all these bombs are constructed the same and consist of a metal container (iron  

construction), a fuze (mainly transverse i.e. in the middle of the bomb), and a stabilizing device. The metal 

container (called the bomb body) holds the high explosive content. The body may be in one or in multiple 

pieces. 

The main components of a bomb are: 

 Bomb Body – This is the main item referred to as an Unexploded Bomb (UXB). The General 

Purpose bombs will have a typical bomb shape with parallel sides. Given the age and environ-

mental conditions most bombs are found corroded. It is possible to mistake them for old gas 

cylinders or boiler tanks. 

 Tail Unit – As the UXB enters the ground this section is removed. The presence of a tail unit 

may indicate that an UXB is buried at depth in the region. 

 Fuze – With a German UXB it is most likely that the bomb would have a mechanical or electri-

cal transverse fuse. In some case a bomb may contain two fuses. On a German UXB the fuz-

es were of an alloy construction and therefore a visual contrast from the bomb body. 

TYPICAL WWII GERMAN AERIAL DELIVERED BOMB COMPONENTS 

FUZE FUZE LUG 

TAIL UNIT BOMB BODY 
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From: W. Fleishcer (2003) —German Air Dropped Weapons to 1945  
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An Example of a 50kg German Bomb 
 

50kg SC HE Bomb discovered by RPS on a 
construction site in London (2006) 

50kg SC High Explosive Bomb Schematic  

SC50 Data 
 
Bomb Body Weight = 40-54kg 
 
Body Length = 2’ 4.5” to 2’ 7” 
 
Body Diameter = 200mm (7.87”) 
 
Explosive = TNT or Amatol 
 
NEQ = 25kg (55lb) 
 
Fuze = Impact Fuzing 
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250kg SC High Explosive Bomb Schematics  

SC250 Data 
 
Bomb Body Weight = 245-256kg 
 
Body Length = 5’ 1” to 5’ 5” 
 
Body Diameter = 368mm (14.5”) 
 
Explosive = TNT or Amatol 
 
NEQ = 125-130kg (276-287lb) 
 
Fuze = Any (Commonly Type 7 
 Time Fuze) 
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500kg SC High Explosive Bomb Schematics  

SC500 Data 
 
Bomb Body Weight = 480-520kg 
 
Body Length = 4’ 6” to 5’ 0” 
 
Body Diameter = 470mm (18.5”) 
 
Explosive = TNT or Amatol 
 
NEQ = 125-130kg (276-287lb) 
 
Fuze = Electrical Impact Fuzing 
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Appendix 5B 
Examples of German Aerial Delivered Bomblets 
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German Bomblets and Containers 

In addition to the larger individually deployed bombs, smaller HE bombs or “Bomblets” were also deployed by the 

Luftwaffe. The small bomblets were generally between 1-3kg or 10kg in weight and dropped in larger container 

bombs and most of these of these had simple impact fuzes. Many containers’ were shaped in a bomb form, with the 

aim of fitting into the existing bomb racks. If operating properly, they were designed to eject their cargo at predeter-

mined height above ground level thereby spreading the bomblets over a wide area.  

Some bomblets are considered the forerunners of cluster munitions which are very sensitive and considered more 

prone to initiate. These were used against civilians and can be considered an area denial weapon.  

These weapons have been encountered in infill or rubble in larger cities and in other re-deposited contexts. They 

possess limited ground penetration (approximately 1-3m in a medium deposit) similar to the smaller Incendiary 

Bomblets discussed below. However, the small bomblets may be considered to have a greater potential to cause 

casualties than general incendiary bomblets based upon their fuze and explosive makeup. 

 

German Incendiary Bomblets 

In early stages of the war, the incendiary bombs dropped over the UK were of the "Oil Bomb" variation, where a 

flammable liquid was used with an explosive charge. The idea was to cause some blast damage with the explosive, 

but mainly to spray the burning liquid over a wide area and cause widespread fires. This bomb weighs approximately 

50kg. The body diameter is 8 inches, and the over-all length 43.2 inches. The filling is 15 litres of a mixture of 86 per 

cent benzene, 10 per cent rubber, and 4 per cent phosphorus. It has a bursting charge of picric acid. 

By 1942, Oil Bombs had been superseded by a smaller and more intensely burning incendiary bomblet made of 

magnesium. These weighed only 1kg, so could be dropped in containers carrying hundreds of individual bomblets. 

Some were coupled with a small High Explosive charge that went off when the magnesium was alight to spread the 

fire over a wider area. A corroded 1kg incendiary bomb can closely resemble a short section of scaffold tube.  

 1kg Incendiary Bomb - The diameter is 2 inches, and over-all length 13.6 inches. The filling is 0.44lb of 

thermite. 

 2kg Incendiary Bomb - The filling includes TNT or amatol in addition to thermite. The diameter is 2 

inches, and the overall length is 20.7 inches. 
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B-1 1kg Incendiary Bomblet 

B-1 & B-1.3 E Data 
 
Bomb Body Weight = 1kg 
 
Construction = Electron casing with steel nosecap 
 
Length = 350mm 
 
Body Diameter = 50mm (1.97”) 
 
Explosive = None 
 
Fill = 680g (1.3lb) Thermite 
 
Fuze = Impact 
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Butterfly Bomblet (SD2) Anti Personnel Device 

SD-2 Data 
 
Bomb Body Weight = 2kg 
 
Length = 200mm (Including Arming Spindle) 
 
Body Diameter = 80mm 
 
Explosive = Fp 60/40 
 
NEQ = 0.225kg (0.496lb) 
 
Fuze = Mechanical Clockwork / Mechanical Time or 
 B1/B2 Harassment 
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Appendix 5C 
Examples of Projectiles 
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Appendix 5C: Anti Aircraft Artillery Shells / Projectiles 

Anti Aircraft Artillery Projectiles 

During WWII, the munitions commonly used by the British AAA were the 4.5” and 3.7” varieties. An artillery munition 

generally consists of four main sections: 

 Fuze – The part of the device which initiates the detonation of the payload. Usually artillery munitions 

have nose fuzes, although some do have base fuzes. When used with HE shells, ‘airburst’ fuzes usually 

have a combined airburst and impact function. 

 Projectile – This is the part of the munition that generally contains the main payload, and will be ejected 

from the main munition during firing. Artillery shell projectiles can range between bursting, base ejection 

or nose ejection. 

 Propellant – Propellant in artillery munitions is always low explosive. 

 Primer – The primers purpose is to initiate the propellant upon firing. 

In most cases, the part of the munition that is likely to remain as UXO, as a result of malfunction during firing, is the 

Projectile (potentially with fuze), as this is the part of the device that is fired through the air. 

 

TYPICAL PROJECTILE COMPONENTS 

“Z” Batteries, often manned by Home Guard units fired Rockets as part of the integrated aerial defences.  These 

‘projectiles’ were essentially fin stabilised rockets which contained a small propellant charge to ignite the rocket  

motor. Throughout WWII two variations of the rocket were utilised, the first being a 2” rocket which was later replaced 

by a 3” rocket after being discovered that it was far more effective. 
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Appendix 5C: Anti Aircraft Artillery Shells / Projectiles 

40mm Anti Aircraft Artillery Round 

3.7” Anti Aircraft Artillery Projectile 

NOTE: Item is a training item and does not necessarily depict the correct identification colouration and/or markings  
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Appendix 5D 
Examples of Infantry Munitions 
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Appendix 5D: Examples of Infantry Munitions  

EXAMPLES OF HIGH EXPLOSIVE MORTARS 
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Appendix 5D: Examples of Infantry Munitions  
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Appendix 5D: Examples of Infantry Munitions  
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Appendix 5D: Examples of Infantry Munitions  
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Appendix 5D: Examples of Infantry Munitions  
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Appendix 5D: Examples of Infantry Munitions  

No 36 Mills Grenade 
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Appendix 5E 
Examples of Small Arms Ammunition 
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Appendix 5E: Examples of Small Arms Ammunition 
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Appendix 5E: Examples of Small Arms Ammunition 
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Appendix 5E: Examples of Small Arms Ammunition 
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Appendix 5E: Examples of Small Arms Ammunition 
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Appendix 5F 
Examples of British Aerial Delivered Practice Bombs 
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Appendix 5F: Examples of British Practice Bombs 
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Appendix 5F: Examples of British Practice Bombs 
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Appendix 5F: Examples of British Practice Bombs 
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Appendix 6.2 
Background to Bomb Penetration 
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Background on Bomb Penetration Depths 

There are a number of reasons/factors applicable to bomb penetration depths, which can lead to variations in the bomb penetra-

tion depths for aerial delivered ordnance, as follows: 

 Shape & Weight of Ordnance – variations in the design of the delivered ordnance has a large impact on the 

depths to which it is able to penetrate. Generally speaking, the heavier the ordnance, the deeper the penetration, 

and when constructed in a streamlined shape this can also lead to an increased penetration depth. 

 Geological Strata – variations in the composition, thickness and homogeneity of the geological strata can lead to 

significant variations in penetration depths. 

 Height of delivery – the altitude at which the ordnance was released can lead to variations in the final penetration 

depth. For example, in low level attacks, or where a fleeing aircraft has had to ditch its payload, it is likely for pen-

etration to have been much less due to any ordnance having not reached its terminal velocity and appropriate 

penetration angle (for maximum depth burial). 

 Deflection – should an item of ordnance impacted onto an obstruction/structure prior to penetration into the 

ground, it may have deflected and as such behaved anomalously upon penetration, and thus the final resting  

position may potentially be atypical to what is normally expected. 

The following table provides a guide on average & probable maximum penetration depths of bombs in geological conditions that 

are  typical in most areas of the United Kingdom. This is based on a survey & calculations undertaken by the Ministry of National 

Security in October 1949. 

The following table is based on sums conducted by the Ministry on a data set from 1,304 bombs dealt with between January 1st 

to May 14th, 1941 (along with 24 bombs experimentally dropped on chalk). Only incidents with a definitive soil type, without 

structures on the surface, were used. 
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50 2.7 6.1 2.8 7.8 3.5 7.6 4.0 9.1 3.2 7.7 

250 4.6 10.4 4.8 13.7 6.0 13.1 6.9 15.8 6.9 13.4 

500 5.8 13.1 6.0 17.4 7.6 16.5 8.7 19.8 8.7 16.8 

1000 7.3 16.5 7.6 21.9 9.6 20.7 11.0 25.0 11.0 21.2 

1400 8.2 18.3 8.5 24.4 10.7 23.2 12.3 27.7 12.3 23.6 

1800 9.0 20.3 9.4 27.0 11.8 25.5 13.5 30.5 13.5 26.0 
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UXB ‘Offset’ 

 

A typical high altitude release bomb will enter the ground at between 10º and 15º (to the vertical), and 

will travel on this trajectory until momentum is nearly lost. The bomb will then turn abruptly to the hori-

zontal before coming to rest. The distance between the centre of the entry hole and the centre of the 

bomb at the rest is known as the ‘offset’. A marked lateral movement from the original line of entry is not 

uncommon. 

The average offset is one third of the penetration depth, i.e. an offset of some 2.0m may be expected 

for a 50kg bomb in clay. 

Hard standing on the impact zone can result in an offset increasing by some four times. It should be 

noted that bombs striking buildings might be deflected to give wider variation in the impacted area. 



 

 

  

 

EES0678 R-01-02   

Appendix 8.1.1 
Background to UXO Detonation Characteristics 
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UXO Detonations 

The major effects of partial or full detonation of a device are shock, blast, heat and shrapnel damage. It should be 

noted that the detonation of a 50kg buried bomb would damage brick or concrete structures up to 16m away and 

unprotected personnel on the surface up to 70m away. Larger ordnance is obviously more destructive, with an  

accepted safety distance for a 500kg HE device being 1km. 

Once initiated, the effects of the detonation of explosive ordnance such as shells or bombs are usually extremely 

fast, often catastrophic and invariably traumatic to the personnel involved.  The degradation of a shell or bomb may 

also offer a source of explosive contamination into the underlying soils. Although this contamination may still present 

an explosion hazard, it is not generally recognised that explosives offer a significant toxicological risk at concentra-

tions well below that at which a detonation risk exists. 

Unexploded ordnance does not spontaneously explode in the conditions experienced in the UK. UXBs have lain  

un-disturbed for some 60 years and should not detonate unless they are significantly disturbed. All HE requires  

significant energy to create the conditions for detonation to occur. Intense impacts in intrusive engineering such as  

drilling / piling and mechanical excavations could initiate a detonation. There are a number of scenarios that may 

occur on sites which may potentially lead to the detonation of an encountered item of UXO, as follows: 

 Direct on the main body of the UXO – needs to be significant impact e.g. In the case of piling or large 

scale excavations. 

 Re starting clock timer in a fuze – contact or vibration applied to a clock timer, in certain situations, 

may cause it to reinitiate. However, in the case of WWII (and pre-WWII) ordnance it is likely that such 

devices would be corroded and no longer able to function. 

 Initiating Fuze Explosive – environmental factors, such as introduction of temperature fluctuations and 

water, can lead to degradation of explosives within items of UXO, which may then exude from the main 

body of the device and crystallise. Certain resultant compounds from such processes can be very  

sensitive and volatile, and through application of a small amount of movement / energy through either 

vibration or impact may result in detonation of the main charge.   

Apart from the explosives risk, the main concerns from UXBs are threefold, these are: 

 Heavy metal (Copper, Zinc etc) contamination from the bomb's casing. 

 Organic aromatics (Toluene, Nitrosamines, daughter products etc) contamination from the degradation 

of the explosive charge. 

 Heavy metal (Lead, Mercury) contamination from the degradation of the detonator charge. 
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Appendix 8.5.1 
Risk Assessment Matrices 
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Appendix 8.7.1 
Risk Zone Map 
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Appendix 9.1A 
‘ALARP’ Principle 
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Appendix 9.1A: ‘ALARP’ Principle 
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ALARP Diagram Approach  

ALARP Resource Graph 

‘ALARP PRINCIPLE’  

ALARP has particular connotations in UK 

Health and Safety law and the core con-

cept of what is “reasonably practicable”. 

This involves weighing a risk against the 

effort, time and costs needed to control 

it. For a risk to be reduced in line with 

ALARP it must be possible to demon-

strate that the cost involved in reducing 

the risk further would be “grossly dispro-

portionate” to the benefit gained. The 

ALARP principle arises from the fact that 

it would be possible to spend infinite 

time, effort and money attempting to re-

duce a risk to zero. Importantly, it is not 

simply a quantitative measure of benefit 

against detriment but a common practice 

of “judgment” of the balance of risk and 

social benefit. 
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Appendix 9.1B 
Recommended Mitigation Descriptions 
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Appendix 9.1B: Recommendations Details 
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RPS Explosives Safety & Awareness Briefings / Site Safety 

Guidelines 

It is recommended that all personnel conducting intrusive works, in any part of the site, should attend 

an RPS Explosives Safety & Awareness Briefing. This should comprise part of the standard site in-

duction briefing and would form a component of the Health and Safety Plan for the site adhering to the 

requirements of CDM regulations 2007. All personnel working on site would be briefed on UXO recogni-

tion and made aware of the possible risks. They would be informed of the actions to take to alert the 

site manager and to keep people and equipment away from the hazard. 

RPS feels it may be cost effective and prudent to produce a set of RPS Explosives Site Safety Guide-

lines (ESSG), which would be provided to the client along with training. The guidelines are designed to 

aid the Project Team to plan the proposed works and potentially deal with the event of a suspicious 

item / UXO discovery incident. The guidelines would also enable the client to incorporate the Explosives 

Safety & Awareness Briefings into their standard site inductions.  

The guidelines would address the risk to all of the specific proposed works and will inform all personnel 

how to undertake the works safely, and will refer to the specific risk items/hazards that have been iden-

tified for the site. 

The guidelines would typically be provided to the client in the form of a ‘Guidelines Document’ along 

with a supporting PowerPoint slideshow. 
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Explosives Safety Consultancy On-Call  

 

To provide our client’s with further confidence & support, RPS EES operates an on-call service, where-

by in the situation where a suspicious item is encountered / uncovered on a Low risk site during exca-

vation works, RPS can be contacted for further support.  

Further to this, based on the information gleaned from site, and if required a fully qualified Explosives 

Safety Engineer would be able to be mobilised to attend site if necessary 

Typically, the on-call procedure would be as follows: 
 

 Site representative to telephone RPS EES and describe/discuss the situation over the 

phone.  

 Site representative to send digital photographs of the incident/item (where appropriate) to 

RPS EES for assessment of the situation and to advise accordingly.  

 Explosives Safety Engineer to be mobilised to visit site as soon as required/practical if  
necessary.  
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Explosives Engineering Services 

Intrusive Magnetometer Survey 

RPS consider it would be prudent to conduct an intrusive Magnetometer survey ahead of any proposed 

boreholes and/or potential pile locations across the site to reduce the risk of encountering deep buried 

UXBs. The type of survey methodology required would be dependent upon ground conditions and the 

works taking place.  

Explosives Engineer Supervision 

It is recommended that, an Explosives Engineer should be present during relevant excavations taking 

place at the site. The Engineer will confirm if the identity of any suspicious object is ordnance related. If 

the item is ordnance related then the Engineer will aid with the incident management, until the appropri-

ate authorities have control of the site. 

The role of the Explosives Engineer would include: 

 The monitoring of works using visual recognition and instrumentation, where practical and 

advising staff of the need to modify working practices to take into account the ordnance risk. 

 Using a magnetometer, clear in advance of the excavator to ensure no buried ordnance is 

encountered. 

 Providing an immediate response to reports of suspicious objects or suspected items of  

ordnance that have been recovered by the ground workers on site. 

 Aid in incident management, including liaison with the Local Authorities and Police, should 

ordnance be identified and present an explosive hazard. 
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