
Appendix 3.4: Explosive Ordnance Threat Assessment
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GLOSSARY OF TERMS 

AAA Anti-Aircraft Ammunition 
AP Anti-Personnel/Armour Piercing (weapon) 
ARP Air-Raid Precautions 
BD Bomb Disposal 
BDO Bomb Disposal Officer 
BD Section Bomb Disposal Section 
EO Explosive Ordnance 
EOC Explosive Ordnance Clearance 
EOD Explosive Ordnance Disposal 
EOTA Explosive Ordnance Threat Assessment 
HE High Explosive 
IB Incendiary Bomb 
LSA Land Service Ammunition 
Luftwaffe German Air Force 
MoD Ministry of Defence 
RA Royal Arsenal 
SAA Small Arms Ammunition 
SI Site Investigation 
UXAAA Unexploded Anti-Aircraft Artillery [projectile] 
UXB Unexploded Bomb 
UXO Unexploded Ordnance 
V-1 ‘Doodlebug’ – self-propelled, ground to ground missile deployed against Britain 

from July 1944. V – “Vergeltungswaffe” (Vengeance) 
V-2 Long Range Rocket (first ballistic missile used against London from Sep 1944) 
WWI First World War 1914 – 1918 (The Great War) 
WWII Second World War 1939 - 1945 
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o Historical use of the site in relation to Military training and related 
activities.

o Evidence of offensive aerial and/ or naval bombardment during armed
conflict. 

• The likelihood that EO may be encountered during proposed engineering works.

o Evidence of Unexploded Bombs (UXBs). 
o Previous EO incidents and/or EO survey/clearance activities.
o Extent of post-war redevelopment.
o Extent and effectiveness of post-War UXO Survey/ Clearance

operations.

• The likelihood and consequences of encountering and/or initiating EO during
the proposed engineering works.

PLANIT UXB Limited’s approach to EO threat assessment has been fundamental in driving 
change throughout the UK Commercial Explosive Ordnance Disposal (EOD) Industry and 
was instrumental in the drafting of CIRIA 681.  If the likelihood of encountering EO is 
significant, information about the nature of that EO and the expected level of 
contamination is considered within the source-pathway-receptor context of 
contamination.  Our approach provides transparency to our EO threat assessment process 
allowing the Client to make valid decisions on what is a specialist activity; empowering 
them to maintain control over this vital aspect of their project. 

Should a confirmed pathway exist, the information is processed through our proprietary 
Threat Assessment Model to arrive at a valid and transparent Threat Level, which allows 
relevant conclusions to be made about the EO Threat at the site of concern and aid the 
development of an appropriate Threat Mitigation Strategy if required.   

RELIABILITY OF HISTORICAL RECORDS This assessment is drawn from detailed research into the available historical evidence.  
Every effort is made to gather all the relevant material; however, PLANIT cannot be held 
responsible for any changes to the assessed level of risk or proposed risk mitigation 
strategies due to subsequent information that may come to light later. 

The accuracy and detail of wartime historical records is difficult to verify, not least of which 
is due to the conditions under which much of this information was gathered and recorded.  
Additionally, recording of information was less formalised in the early days of the German 
air campaign against the UK mainland (Pre-Bomb Census Record) and much information 
recorded early on was lost during subsequent air raids. Records for rural, sparsely 
populated areas are not always reliable, being based on second-hand information in many 
cases; records of attacks on military installations were often recorded independently from 
general records and many such archives have been lost or remain undisclosed to the 
public. 

Consequently, the exact location, quantity, and nature of the EO threat cannot be 
definitive but rather remains subjective and is based on the careful analysis by experts of 
the available information.  PLANIT cannot accept liability for any gaps in the historical 
record. 
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Where superficial deposits are recorded, these generally comprise Alluvium deposits of clay, silt, sand, and 
gravel within the valley bottoms and along the course of the largest watercourses draining the area. 

BGS mapping reveals that the Site is underlain by rocks of the Gala Group comprising greywacke, sandstone, 
siltstone, and mudstone of Silurian age. Several minor Devonian and Carboniferous to Early Permian minor 
felsic and basic intrusions are shown trending southwest to northeast within the Dye Water valley. 
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CIVIL DEFENCE Anti-Aircraft Artillery (AAA) Batteries.  The Luftwaffe targeted AAA batteries.  They were also a 
source of unexploded AA shells which could land a great distance from the firing point during 
WWII, although typically fell within 15km and could be distributed over a wide area. AAA 
batteries present a potential source of UXO hazard because of the storage, use and disposal of 
ordnance associated with the armaments used.  They may have a risk from small caches of 
ammunition buried locally to them.  Three types of AAA batteries existed: 

• Heavy Anti-Aircraft (HAA) batteries of large guns designed to engage high flying
bomber aircraft. These tended to be relatively permanent gun emplacements.

• Light Anti-Aircraft (LAA) weaponry, designed to counter low flying aircraft.  These were
often mobile and were moved periodically to new locations around strategic targets 
such as airfields.

• Rocket batteries (ZAA) firing 3” or 3.7” AA rockets with a maximum altitude of 5,800m 
and a ground range of 9km were also relatively permanent emplacements.

Many AAA batteries were associated with searchlights and consequently ‘visible’ at night, 
providing clear targets to the Luftwaffe bombers and a potential for UXB. 

Berwickshire possessed Heavy Anti-Aircraft Batteries during WW2, including 4.5, 3.7 and 3- inch 
Anti-Aircraft (AA) guns.  None were sited on or near to the site of concern to have created a 
direct source of potential ordnance contamination. 

Decoy Sites.  To draw enemy aircraft away from towns and other strategically important targets, 
a series of decoys were developed between 1940 and 1941.  They were estimated to have drawn 
at least 5% of the total weight of bombs away from their intended targets.  Almost 800 static 
decoy sites were built at around 600 locations in England and numerous temporary and mobile 
decoys were also deployed.   

Several different types of decoy were devised: 

• Night-time dummy airfields (Q sites).
• Daytime dummy airfields (K sites).
• Diversionary fires to simulate successful bombing raids on airfields (QF sites), 

petroleum depots (P sites) and major towns and cities (Starfish or SF sites).
• Simulated urban lighting (QL sites).
• Dummy Heavy Anti-Aircraft (HAA) batteries, factories, and buildings (C series).
• Mobile decoys representing ‘hards’ for troop embarkation (MQLs), tanks and other

vehicles. 

As would be expected Berwickshire had several Civil Defence (‘Starfish)’ sites designed to protect 
the region from aerial attack.   None of these sites would indicate the possibility that erroneous 
Luftwaffe bombing would have produced a consequent UXO risk on the site of concern.   

WW1 Scotland suffered several ‘Zeppelin’ aerial bombardment during WW1 but did not deliver 
ordnance on to or nearby any of the sites of concern.   

WW2 – GERMAN AERIAL BOMBING 
CAMPAIGN 

At the outbreak of WWII, the site sat close to the flight path of several viable Luftwaffe 
targets such as docks, railways and shipyards, all infrastructure targets for the Luftwaffe.   
The high-altitude area bombing during this period was notoriously inaccurate with areas 
surrounding specific targets suffering during attacks on the targets themselves. 

Berwickshire was in District 11 for Civil Defence purposes and the bombs recorded as falling in 
the district throughout the War are well known: 
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HISTORICAL MAPS Historic maps of the period are a useful indicator of whether an area may have suffered bomb 
damage.  The street layout prior to WW2 is the start state and major changes to street layouts 
or building boundaries may indicate that the change was due to bomb damage. 

In this instance, the map record shows no significant changes across the Site and its immediate 
surrounding area which could reasonably be attributed to potential bomb damage. However, 
this is unsurprising given that the Site was essentially open moorland at that time. 

HISTORICAL AERIAL PHOTOGRAPHY The same rational applies with historic aerial photography as it does when we examine historical 
street plans – changes between pre-war and post-war images may indicate the possibility of 
damage caused by bombs falling on the site.  Sometimes, detail is such that it allows bomb 
damage to be seen directly on sites of concern.   

Post-War historic aerial imagery is unfortunately not available, in this instance. 
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HOW COULD AN UNCONTROLLED 
DETONATION BE BROUGHT ABOUT? 

Unexploded Bombs rarely spontaneously explode.  High Explosive (HE) requires a great 
deal of energy to create the necessary conditions for detonation to occur.  In the case of 
WWII German bombs being disturbed during intrusive ground works, there are a few 
scenarios to be considered: 

• Direct impact onto the main body of the bomb.  Although this is a possibility, 
there is little chance of generating enough energy to detonate the explosive fill 
unless the fuse itself is directly struck.

• Re-starting the mechanical clock-timer in a bomb fuse.  This is a possibility.  It is 
probable that environmental conditions have corroded the fuse sufficiently to 
prevent clockwork mechanisms from functioning.  However, under some
conditions, fuse elements will be in a good condition and additional movement 
of a bomb fuse may be sufficient to restart a previously ‘jammed’ mechanical
clockwork mechanism.

• Induction of a static charge, creating a sufficient current to initiate an electric
fuse.  This is an unlikely event.  Environmental conditions are likely to have 
corroded the fuse, degrading its components sufficiently to prevent them from 
functioning.  Any elements of the fuse capable of holding a charge would have
dissipated in the time since the bomb failed to function.

• Friction impact initiating fuse elements causing bombs to detonate.  Although 
remote, this is the most likely scenario that may result in a bomb detonating.
Weathering within the fuse pocket can cause the explosives within the fuse to
breakdown, crystallize and exude from the fuse itself.  Violent physical 
disturbance of this exuded material carries the remote possibility of initiating 
the fuse mechanism which in turn will initiate the bomb.

WHAT WOULD THE EFFECTS OF SUCH A 
DETONATION BE TO THE SITE? 

The effects of WWII German bombs detonating have been the subject of a few well 
recorded studies.  The general effect of an explosive detonation will depend upon: 

• The size of the bomb and its Net Explosive Quantity (NEQ) (i.e., how much
explosive material it contains).

• The type of fill in the bomb (i.e., high explosive, incendiary, photoflash).
• The physical location of the bomb. Whether it is:

o On the surface.
o Partially buried.
o Buried (A bomb is considered ‘buried’ when it is more than 2½ times

its own length below ground level and covered).

• The locations of the bomb in relation to other structures. 
• The strength and design of structures near to the seat of an explosion.
• The nature of the ground (i.e., sand, gravel, clay, marsh etc.).
• The location of the bomb in relation to human and animal populations.

There would be the potential for ground shock to damage important underground 
structures including sewers, communication cables, and foundations. 

The potential Damage Radii to various underground structures has been assessed by 
extrapolating from the Joint Service Publication 364 which is the MOD Manual for 
assessing bomb damage.  Potential damage radii for underground structures are assessed 
as: 
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DOES THE SITE’S DEVELOPMENT 
HISTORY AFFECT THE POTENTIAL FOR 

UXO ENCOUNTER? 

No. 

No significant intrusive engineering has �}�����µ�Œ�Œ� �  across the Site since the end of the 
War.  Therefore, the opportunities for dealing with potential threat items such as 
UXO have been scarce to non-existent.  

IF A UXB-RELATED THREAT EXISTS, DOES 
IT VARY ACROSS THE SITE? 

No. 
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Any anomalies identified following the non-intrusive survey that may be 
EO should then be subject to Controlled Excavation to confirm them as 
EO and remove the threat or discount them. 

Once the non-intrusive survey and controlled excavation are complete, 
there is no further requirement for UXO Support at the site of concern 
since all EO Threats would have been identified and dealt with. 

Magcone UXB Survey.  PLANIT can deploy world class Magcone Survey 
Systems to survey either pile locations or small areas ahead of intrusive 
engineering including piling and drilling.  The Magcone system is very 
versatile and can survey to great depths if required. 

Down-Hole Magnetometer UXO Survey.  PLANIT can deploy down-
borehole UXO Survey equipment that will clear ahead of a piling or 
borehole rig as it descends underground.  The main drawbacks of this 
approach are that it is time consuming, ‘blind’ (insofar as the borehole 
may proceed for some depth before a potential threat item is identified, 
at which stage the borehole will have to be terminated and relocated, 
wasting time and money), equipment heavy and expensive. 

Any anomalies identified during this survey that may be EO should either 
be subject to Controlled Excavation to confirm them as EO and remove 
the threat or discount them or relocate the borehole or adjust the piling 
plan. 

UXO Survey should proceed to the expected UXB penetration depth or 
maximum depth of intrusive ground works, whichever is shallower. 

ANNEXES 

A. Site Location & Layout.








