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Abbreviations  

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 

EOD Explosive Ordnance Disposal  

FP  Fire Pot (Incendiary bomb) 

GIS Geographical Information System 

HE  High Explosive 

IB  Incendiary Bomb 

Kg Kilogram 

LSA Land Service Ammunition 

Luftwaffe  German Air Force 

m bgl  Metres Below Ground Level 

MoD  Ministry of Defence 

OB  Oil Bomb 

PM Parachute Mine 

RAF Royal Air Force 

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 
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WWI  First World War (1914 -1918) 

WWII  Second World War (1939 – 1945) 

V1 German Flying HE Bomb (Doodle Bug), used extensively against the UK 

 during 1944-45 

V2 German HE Rocket used extensively against the UK during 1944-45 
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1 Introduction 

 

Welcome to Bomb Search; site-specific products providing accurate Unexploded Ordnance 

(UXO) source information and risk assessment on clients’ sites in the UK. The products allow 

clients to use industry best practice in the planning and execution of cost effective UXO risk 

management. 

There are two Bomb Search products available through Envirocheck, delivering UXO risk 

management as a sequential phased approach: 

• Bomb Search - Preliminary UXO Risk Assessment; 

• Bomb Search - Detailed UXO Risk Assessment. 

The Bomb Search products are designed to meet the requirements of the CIRIA Guide UXO 

(C681). The guide recommends a four-phased approach to managing UXO related risk on a 

site (see figure 1). 

• Phase 1 - An initial desk-based screening of the site, assessing available information 

in order to inform the requirement for subsequent UXO risk assessment. Over 80% of 

sites in the UK should be screened out at this stage, with no further UXO related work 

required; 

• Phase 2 - If the first phase indicates the potential for UXO to be present on the site, 

then a detailed semi-quantitative risk assessment (SQRA) needs to be undertaken, in 

order to define the hazard, allocate a risk level given the proposed works involved in 

the development, and make recommendations for the scope of any required on-site 

mitigation work; 

• Phase 3 - Should there be a significant risk identified, this next phase encompasses 

the design of the required mitigation solution; doing what is necessary and sufficient 

to reduce the UXO related risk to provide a safe environment for the proposed 

development; 

• Phase 4 - This phase is the implementation of the on-site mitigation work, which 

reduces the UXO related risk to an appropriate level. This phase should culminate in 

a report confirming that the proposed works can proceed safely. 
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The four-phased process allows clients to apply a managed, scaled investment in UXO 

mitigation on their sites. It is a defensible approach ensuring that only necessary and 

sufficient effort is expended in providing a development environment, where the risks 

from UXO are safely managed. The approach is endorsed by the Health & Safety 

Executive and applies best practice from the environmental and contaminated land 

industry. 

The aim of this guide is to detail the information contained within the two Bomb Search 

products offered through Landmark; the Preliminary UXO Assessment and the Detailed 

UXO Risk Assessment. Additionally, it is to explain the implications and uses of the 

information presented. 

 

 

 

Figure 1 - The Phases of the CIRIA Approach 
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2 The CIRIA Approach 

The Bomb Search products conform to Phase 1 (Preliminary UXO Risk Assessment) and 

Phase 2 (Detailed UXO Risk Assessment) of the CIRIA process.  

6 Alpha Associates are consultants, delivering risk assessment and mitigation design 

services. They do not deliver on-site mitigation work and therefore have no vested interest 

when in the production of site-specific risk assessment for their clients’ sites.  

Testimonies of this approach can be obtained upon request.  
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3 Bomb Search – Preliminary UXO Risk Assessment 

3.1 Objective 

The Preliminary Assessment is a review of available UXO related information, in order to 

identify whether there is the potential for encountering UXO within the defined search 

boundary. It is a measure of the “likely probability for encountering” UXO on a site, not a risk 

assessment per se, as the consequence of the event is not yet been evaluated. 

3.2 The Sources 

The available UXO related information is extracted from 6 Alpha Associates comprehensive 

database; the data sources that form the database are available upon request. The sources 

are reviewed for evidence that would indicate potential UXO contamination being present 

within the search boundaries.  

3.3 The Review 

Only experienced UXO consultants will review the extracted information, to identify whether 

there is evidence of the following on or adjacent to the site, before delivering conclusions and 

recommendations. UXO consultants would look for evidence relating to: 

• Military Occupation; 

• Military Training; 

• WWII Military Defensive Features; 

• Munition Manufacturing & Storage; 

• Use as a Military Airfield or WWII Decoy Site; 

• WWI & WWII Bombing on the Site. 

The Preliminary Assessment is not fully automatically generated, although much of the 

mapping and risk profiles are stored in a database to ensure repeatability and quality control; 

consultant review ensures that only appropriate conclusions are drawn from the information 

presented. 

3.4 The Product 

The relevant information is GIS referenced and presented within the product as high 

resolution map overlays. Figure 2 is an example of two overlays presented within a 

Preliminary Assessment. The first details the bomb density for the area in which the site lies. 
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The second details the potential for encounter within the site boundaries. Comparison of the 

two demonstrates that while a site can lie within an area of heavy WWII bombing (London for 

example), within the boundaries of a specific site there may still be large variations in the 

potential for encountering UXO. This evidences the resolution of the Bomb Search products. 

 

Figure 2 – Bomb Density verses Probability of Encounter - Bombing 

density is a reflection of the broad bombing statistics for a large area (usually 

a county borough). Bombs were not dropped uniformly across an area; 

generally there would be targets within and area, which would attract a 

concentration of bomb strikes on and around it. It is worth noting that WWII 

bombing was notoriously inaccurate. 

3.5 Report Structure 

There are two stages to the Preliminary report: the Data Analysis and the Unexploded 

Ordnance Probability Assessment. Information relevant to the assessment is included as 

figures (in A4 portrait) attached to the report. 

• Data Analysis – this explains how to use the information in the report and identifies 

the hazard sources identified and the significance of each. 
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• Unexploded Ordnance Probability Assessment – this states the potential for 

encountering UXO on a site and makes recommendations for any required mitigation. 

3.6 Implications & Uses of the Preliminary Asessment 

The Preliminary Assessment quickly provides clients with a product that can demonstrate 

whether or not there is the potential to encounter UXO on their site. The assessment will 

recommend whether or not there is any requirement to undertake further assessment, in 

order to quantify the actual risk (i.e. continue to Phase 2 – Detailed Assessment).  

There are significant benefits to obtaining a report even if the client believes they are in a low 

risk area of the UK. A Bomb Search report will provide evidence that the client has 

undertaken due diligence in assessing the UXO risk, but will also deal with the issue early 

meaning that UXO is not a problem during the construction phase.  

Other uses of the report include providing a “second opinion” on sites which have been 

assessed by UXO contractors. 
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4 Bomb Search – Detailed UXO Risk Assessment 

4.1 Objective 

The Detailed UXO Risk Assessment takes site-specific information indicating the potential for 

UXO encounter. It applies a semi-quantitative assessment in order to establish a risk level 

for the site (given the identified UXO hazard and the proposed intrusive engineering works 

required), and provide site-specific conclusions and recommendations for the management 

of the identified risk. 

The majority of sites subjected to Phase 2 UXO risk assessment are Low 

risk; allowing the client to manage the risk through enhanced procedural 

measures, rather than engaging a UXO contractor to undertake UXO survey 

on the site. 

4.2 The Sources 

The sources are the same as for Phase 1, with the emphasis on the assessment of site-

specific UXO information, rather than broader, regional statistical information, in addition to 

including detailed construction plans, expected ground conditions, and historical mapping. 

4.3 The Approach 

Only experienced UXO consultants will analyse the site information, before delivering 

conclusions and recommendations for the management of the identified risk. The Phase 2 

product is not automatically generated; the consultant undertaking the assessment applies 

the risk levels based on the identified hazards, the site history, the probable depth of UXO 

encounter and the proposed intrusive earthworks. 6 Alpha Associates do not deliver the 

Phase 4 on-site UXO survey, nor do they advocate particular UXO contractors, ensuring that 

the risk levels stated objectively reflect those for the site. 

4.4 The Product 

The relevant site-specific information is GIS referenced and presented within the document, 

where it has a direct bearing on the ultimate risk level (see Figure 3 for examples). While 

there may be additional source material reviewed within the assessment, it will be referred to 

or referenced and may not be included within the Phase 2 report. This is to ensure the 

reports are concise and user-friendly for industry professionals. The aim of this product is not 

to be an “expensive history lesson”. 
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This is done in order to maintain the focus of the report and present the 

relevant information clearly and succinctly. Should clients wish to see 

information that has only been referenced in the report, they can request this 

separately from 6 Alpha Associates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.5 Report Structure 

The report template has been developed to provide a succinct document for the client.  In 

outline each report has the following structure: 

• Executive Summary – providing a brief overview of the relevant detail for each 

assessment; 

• Stage 1 – Site Location – to include coordinates, report notes, description of each 

location, proposed site investigation methodology, GIS mapping and aerial imagery; 

Figure 3 - Examples of Reference Material – WWII Bomb Strikes  
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• Stage 2 – Review of Dataset – identifying information sources used, site history, 

ground conditions and historical WWII data, bomb plot GIS mapping and bomb 

damage maps; 

• Stage 3 – Data Analysis/Interpretation – of the data sets relative to the site; 

• Stage 4 – Site Specific Risk Assessment – using semi-quantitative techniques to 

identify Risk; 

• Stage 5 – Recommended Risk Mitigation Measures – with Residual Risk Rating to 

successfully reduce risks to conform to the ALARP (as low as reasonably practicable) 

principle. 

This five-stage process clearly identifies the threats and associated risks faced by 

contractors and provide guidance on the mitigation measures that should be incorporated at 

a client’s site. 

The risk assessment is present transparently, as in the example below (see Appendix 01 for 

a detailed explanation of the risk calculation). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – The Bomb Search Risk Assessment Matrix 
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4.6 Implications and Uses of the Detailed UXO Risk Assessment 

When a risk level has been applied there are appropriate mitigation measures available, 

which can be applied as part of a scaled mitigation effort delivering a safe development 

environment. These measures are outlined within the recommendations of the Phase 2 

report. The SQRA is designed to be in line with existing best practice from the Environmental 

industry; acknowledging the fact that UXO hazard should be approached as any other 

environmental hazard. 

As stated, the majority of sites will be able to effectively manage any 

identified UXO risk through a series of procedural and documented 

measures. Where more significant risk is identified, a formal Phase 3 

mitigation plan would be recommended, where the “ALARP” (As Low As 

Reasonably Practicable), principle guides the design. Phase 3 provides a 

specification to which the client invites tenders from UXO contractors; this 

“3rd Party” or consultant approach to mitigation design, ensures that any 

Phase 4 on-site UXO survey work includes only what is appropriate and cost 

effective in the delivery of a safe site for development. 
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5 Delivery Format & Time 

All products will be sent via email as portable document format (.pdf) files of up to a 

maximum 10 MB. The document will be at A4 page size throughout.  

Delivery times for the Bomb Search products are as follows: 

• Preliminary UXO Risk Assessment – 2 working days from receipt of order. 

• Detailed UXO Risk Assessment – 7 working days from receipt of order. 

Please note for orders received after midday, the following day will be deemed the first 

working day. 



 

November 2009   User Guide 

 

Appendices 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

November 2009   User Guide 

 

Appendix 01 

Risk Assessment Calculations 
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1 Semi-Quantitative Risk Assessment Process 

1.1 Risk Relationships 

Risk (R) is calculated as a function of Probability (P) and Consequence (C), thus 

(P x C = R).  In UXO terms these components can themselves be shown to be 

dependent on a number of additional sub-factors.  The relationships are depicted 

in Figure 1. 

 

 

 

 

 

 

 

Figure 1 – Risk Assessment Relationships 

1.2 Probability Calculation 

Probability (P), a measure of the likelihood of UXO being discovered and then 

initiated, depends on the probability of an item of UXO being present as a result 

of the Site History (SH) and in the event that it is encountered, the probability of 

detonation which will be related to the Investigation Methodology (IM), thus (P = 

SH x IM).  

This can be calculated using the historical information and statistics that are 

available for the site concerned. As part of this calculation; bombing density, 

ordnance failure rates, the probability of UXO being identified during WWII and 

the site area are all taken into account.  

The potential that an item of UXO would detonate, if encountered, relies on a 

number of variable factors. There are no empirical means of accurately and 

reasonably calculating the probability of an UXO detonation during intrusive site 

activities. During the semi-quantitative risk assessment process, SH and IM are 
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scored from 1 to 3 with 1 = Low, 2 = Medium and 3 = High.  Probability is 

therefore scored 1 to 9.   

Intrusive Methodology (IM) 
 

Benign 
(1) 

Medium 
(2) 

Aggressive 
(3) 

Low 
(1) 

1 2 3 

Medium 
(2) 

2 4 6 
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(S
H

) 
 

High 
(3) 

3 6 9 

 

Table 1 – Probability Matrix  

1.3 Consequence Calculation 

Consequence (C), the severity of a UXO incident (both from a Health & Safety 

and disruption point of view) is considered to be a factor of firstly, the Depth (D) 

at which an item of UXO is encountered and secondly, how much potential 

damage would be inflicted both in terms of collateral, physical and financial cost 

of damage.  This element of the risk process is termed as the Proximity of 

Sensitive Receptors (PSR).  Consequence is therefore dependant on the Depth 

and the PSR, thus (C = D x PSR).  As with Probability, D and PSR are scored 

from 1 to 3 with 1 = Low, 2 = Medium and 3 = High.  Consequence is therefore 

scored 1 to 9. Aggressive  

Proximity to Sensitive 
Receptors (PSR) 

 

Close 
(1) 

Medium 
(2) 

Far 
(3) 

Deep 
 (1) 

1 2 3 

Medium 
(2) 

2 4 6 

D
e

p
th

 (
D

) 

Shallow 
 (3) 

3 6 9 

 

Table 2 – Consequence Matrix  

 



 

3 

For boreholes and piled foundations, the consequence from a detonation may be 

reduced as natural overburdening geological material would suppress and 

potentially help contain the blast. 

For activities nearer to the surface such as concrete coring and the excavation of 

trial pits, any blast would have little or no containment and thus presents a far 

great risk. 

It should be noted that Depth also takes into account any information relating to 

the potential size of an item particular attention to the NEQ that may be present. 

1.4 Risk Rating Calculation 

By combining Probability and Consequence in the above relationship (P x C = R) 

the Risk can be calculated.  The Risk for this project is scored on a matrix below 

from 1 to 81; the matrix has associated risk categories. 

 

Probability 
 

1 2 3 4 6 9 

1 1 2 3 4 6 9 

2 2 4 6 8 12 18 

3 3 6 9 12 18 27 

4 4 8 12 16 24 36 

6 6 12 18 24 36 54 

C
o

n
s

e
q

u
e

n
c

e
 

9 9 18 27 36 54 81 

 

Table 3 – Risk Rating - Probability and Consequence 

 

The Risk to all site investigation activities at each location can then be deemed 

as Low, Low-Medium, Medium-High or High as seen in Table 3. 
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Where the Consequence or Probability is such that is as assessed as severe but 

the overall Risk score comes out as Medium, due to one of the component 

scores being Low, attention must be paid to these unique situations and 

consideration given to increasing the overall Risk rating.  This will be conducted 

on a case-by-case basis and the merits of each individual site subsequently 

assessed. 

Although a risk rating will be calculated for all intrusive engineering works, a final 

overall risk rating will be provided for the site. This will be achieved by making a 

holistic assessment of the entire site, methodologies and risk ratings. 
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2 Risk Mitigation  

2.1 ALARP 

6 Alpha approach is to ensure that risk mitigation measures are tied to ALARP in 

order to ensure that clients only spend reasonable and sufficient resource to 

mitigate the UXO risks that are most likely to present themselves. 

The objective is to prevent a client spending a grossly disproportionate sum on 

unnecessarily reducing risks. 

2.2 Risk Tolerability and Mitigation 

In utilising the below, 6 Alpha can assess the risk tolerability and devise a 

suitable level of risk mitigation to meet ALARP.  

Risk 
Rating 

(P x C) 

Risk Level 
 

Risk Tolerability Action Required 

1-4 Low Partly Tolerable 

5-12 Low-Medium Partly Tolerable 

Re-active measures should be 
employed such as UXO ‘Tool Box’ 
briefs, and a UXO ‘on-call’ service. 

13-27 
Medium-

High 
Intolerable 

28-81 High Highly Intolerable 

Pro-active measures should be 
employed such as EOD Engineer Site 

Supervision and Magnetometer 
Surveys 

 

Table 4 – Risk Scoring Categories 
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 Frequently Asked Questions 

 

 

 

 

 

 



 Frequently Asked Questions (FAQs) 

 1 

 

 

Product 

 

FAQ Response 

Preliminary 

“What does it mean if 

I receive an ‘amber’ 
risk rating – should I 

commission a detailed 

study or not?” 

 

This will depend on the recommendation within the report. 
As the system is, by design, not fully automated, there is 

significant input by the UXO Consultant; the 

understanding of the significance of the raw data is key to 
understanding the output of the risk formula. A calculation 

is undertaken to establish what the dominant profile is and 

then an assessment is made. 

 

Detailed 

“Why do I need to 

specify additional 

detail (ground 
conditions etc) for the 

detailed service?” 

 

The Detailed Risk Assessment includes an assessment of 

the potential pathways between the hazard source and 
the site receptors. In order to achieve this it is necessary 

to understand what intrusive earthworks are proposed for 

a site. In addition, an understanding of the ground 
conditions allows an assessment of the probable depth at 

which UXO may be encountered. This means that should 

risk mitigation measures be required the appropriate 

methodologies can be deployed. 

 

Detailed 

“There was a V1 

direct bomb strike on 
my site but the report 

concludes ‘low risk’ – 

why?” 

 

These assessments look for the potential for ordnance to 
remain on a site. The reason why items remain on a site is 

because either they are intentionally buried there, or they 

have been dropped onto or fired into an area, penetrated 

the ground and not exploded. In order to penetrate the 
ground an item must be sufficiently robust to allow it to 

remain intact on impact. V1 (and V2) rockets were 

constructed like aircraft; the rocket was a soft skinned air 
delivery vehicle for the explosive charge. Even if a V1 did 

not explode on impact, it was not robust enough to 

penetrate the ground without breaking up; as such it 

presents little detonation hazard today. 

Detailed 

“My polygon site 

straddles a risk rating 

1 area and risk rating 
8 area – which risk 

rating is correct?” 

 

Where there is a range of risk ratings within a site 

boundary, it is prudent to take the worst case as the 
benchmark risk rating, against which to design mitigation. 

The variation is also a reflection of the fact that UXO risk 

does vary across a site. This variation will be accounted 

for and any mitigation design will be focused on those 
areas with a significant risk. 
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Product 
 

FAQ Response 

Detailed 

 

“What happens if the 

report concludes ‘no 
risk’ and then UXO is 

found on the site?” 

 

Risk assessments should always work on site-specific 

information, in order to identify what can reasonably be 
expected to remain on the site. Historically, UXO hazards 

were not always recorded perfectly, with some records 

being incomplete or failing to record all UXO 

contamination. For some sites, there are no records at all. 
Rarely will an assessment state that there is “zero risk”. 

However, the risk assessment is a defensible process, 

demonstrating that a client has undertaken due diligence 
in ensuring a safe environment for their development. 

 

 

Detailed 

“Why use a semi 

quantitative risk 
assessment 

procedure, opposed 

to a fully quantitative 
method?” 

 

Fully quantitative methodologies do not apply to UXO 
contamination, especially for WWII bombing. The statistics 

used within the quantitative risk assessment do not take 

into account the following: 
 

• The Bombing density was not consistent across an 

area. 
• Failure rates will vary dependant on fuze types and 

bomb sizes. 

• A numbers of bombing raids were not recorded 

during WWII. 
• The number of UXBs that have been discovered 

through construction work across the UK to date. 

• The inconsistency of historical 
information/statistics. 

 

When assessing the probability of detonating an item of 

UXO, there is very little empirical information/evidence 
that can be consulted. Also, there are many variables to 

consider that would have a bearing upon whether or not 

an item would or would not detonate. These include: 
 

• Type of fuzing. 

• Deterioration of fuzing.  
• Size of the item of UXO. 

• The angle at which the item lays within the ground. 

• The speed and size of the relevant intrusive 

activities. 
•  

It should also be noted, that there is only sufficient 

statistical information available to conduct a quantitative 
assessment for the risk of encountering German High 

Explosive UXBs on site. Therefore, German Incendiary 
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Product 
 

FAQ Response 

Bombs and British Anti Aircraft Artillery shells will not be 

taken into account in these calculations, even though 

there may or may not be a further risk for these items of 
UXO to remain on site.  
 

 


