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AA Anti-Aircraft  MU Maintenance Unit 

AAA Anti-Aircraft Artillery NEQ Net Explosive Quantity  

ALARP  As Low As Reasonably Practicable  NFF National Filling Factory 

AP Anti-Personnel NGR National Grid Reference  

ARP Air Raid Precautions OB Oil Bomb 

AT Anti-Tank  OS Ordnance Survey 

AXO Abandoned Explosive Ordnance  PAC Pilotless Aircraft (V1 missile) 

BD Bomb Disposal PB Phosphorus Bomb 

bgl below ground level  PM Parachute Mine (bomb type) 

BGS British Geological Survey POW Prisoner of War 

BPD Bomb Penetration Depth RADAR Radio Detection And Ranging 

CIRIA Construction Industry Research & Information Association  RAF  Royal Air Force 

DA Delayed Action (bomb type) RDX Research Department Explosive 

EO Explosive Ordnance (UXO and AXO) REF Royal Explosive Factory  

EOC Explosive Ordnance Clearance  RFC Royal Flying Corps (1912-1918) 

EOD Explosive Ordnance Disposal RN Royal Navy 

FAA Fleet Air Arm (Royal Navy) RNAD Royal Naval Armaments Depot 

FP Fire Pot (WW2 German bomb) RNAS Royal Naval Air Station 

GP General Purpose (bomb type) ROF Royal Ordnance Factory 

ha hectare(s)  SAA Small Arms Ammunition 

HAA Heavy Anti-Aircraft (gun) SI Site Investigation 

HC High Capacity (bomb type) SIP Self-Igniting Phosphorus (grenade type) 

HE High Explosive TA Territorial Army 

HMNB Her/His Majety’s Naval Base TNT Trinitrotoluene (explosive) 

HMS Her/His Majesty’s Service (shore establishment)   UK United Kingdom  

HO Home Office  UN United Nations 

HQ Headquarters  UP Unrotating Projectile (AA rocket) 

HSE Health & Safety Executive USAAF United States Army Air Force (1941-1947) 

IB Incendiary Bomb USAF United States Air Force (since 1947) 

kg kilogram(s) UX Unexploded 

km kilometre(s)  UX AA Unexploded Anti-Aircraft (projectile) 

LAA Light Anti-Aircraft (gun) UXB Unexploded Bomb 

LM Land Mine UXO Unexploded Ordnance  

LRRB Long Range Rocket Bomb (V2 rocket) V1 Vergeltungswaffe 1 (German cruise missile) 

LSA  Land Service Ammunition  V2 Vergeltungswaffe 2 (German ballistic missile) 

m metre(s) WAAF Women’s Auxiliary Air Force (1939-1949) 

MC Medium Capacity (bomb type) WO War Office (1857-1964) 

mm  millimetre(s) WW1 World War One (1914-1918) 

MOD Ministry of Defence  WW2 World War Two (1939-1945) 
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2 The Site  

2.1 Location  

The Site is located within the northern half of the Isle of Lewis in the Outer Hebrides of northwest Scotland. Its 
southern extent is situated ~2km west of Stornoway town centre. The Site extends ~22km roughly north northwest 
from the Grioda River in the south to the coast near the village of Baile an Truiseil. The central section of the Site 
follows the A857 road.    

The Site is centred on the approximate National Grid Ref: NB 39377 43338. 

2.2 Description 

The Site largely comprises heather moorland, rough grassland / hill pasture, and areas of traditional peat cutting. 
The Site boundary also encompasses, multiple ponds, lochs, streams and a length of the Barvas River. There is a 
landfill site in the southwest, three small quarries (in the northwest and southwest), as well as some residential 
properties (19th / 20th Century crofting townships and smallholdings) encroaching into the southeast and northern 
Site boundaries. 

Site location maps and recent aerial photography are displayed at FIGURE 1. 

2.3 Proposed Works 

A peat depth survey utilising fibreglass rods manually progressed to full peat depth (up to several metres) across 
the Site area.  

3 Site History Assessment  

3.1 OS Mapping 

3.1.1 Introduction  

Bomb damage resulting from German air raids can be identified by comparing historic OS maps. These maps can 
also help identify examples of historic military activity. Note, 19th / 20th Century military structures had a typical shape 
and were distributed in typical patterns.     

The table below includes a review of the relevant OS maps. Note, the process adopted in generating these maps 
(mapping intervals, scale, exclusion of some features in the interests of national security, etc), may result in an 
incomplete account of a site’s history.  

3.1.2 Site-Specific 

 Date Scale Observations 

P
re

-W
W

1 

1852 1:10,560 

Site occupancy? 

Mostly rough grassland / moorland, like today. A section 
of the modern A857 road in the centre is present. Several 
smallholdings in the south. The villages of Barvas and 
Brue in the north back onto the Site boundary. Numerous 
very small sporadically located gravel pits.  

Evidence of local military activity? No. 

1895 1:10,560 

Site occupancy? No significant changes / observations.  

Evidence of local military activity? No. 
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P
re

-W
W

2 
1931 1:63,360 

Site occupancy? 
No significant changes / observations. Note, this very 
small-scale map lacks detail. 

Evidence of local military activity? No. 
W

W
2 

1941 1:25,060 

Site occupancy? 
No significant changes / observations. Note, this very 
small-scale map lacks detail. 

Evidence of WW2 bombing?    
Any such evidence is highly unlikely to be identifiable at 
this mapping scale.  

Evidence of local military activity? No. 

P
os

t-W
W

2 

1948 1:63,360 

Site occupancy? 
No significant changes / observations. Note, this very 
small-scale map lacks detail. 

Evidence of local military activity? No. 

1971 1:2,500 

Site occupancy? No significant changes / observations.  

Evidence of local military activity? No. 

 Other significant 
observations 

The coverage of available historic OS mapping is poor. The large-scale 1985 and 1971 editions 
only cover a fraction of the Site area (several maps at the northern and southern extents).  

TABLE 1: Historical OS Mapping Review 

 

3.2 Aerial Photography 

3.2.1 Introduction  

Historical aerial photography is often key in identifying temporary wartime activity. As well as clarifying historic site 
occupancy, aerial photographs can elucidate the degree of bomb damage to structures and show the locations of 
German high explosive (HE) bomb craters. Note, the latter usually only persisted for a short time.      

WW2-era aerial photography is displayed at FIGURE 2. 

3.2.2 Site-Specific 

 Date Type Observations 

P
os

t-W
W

2 

19th May 
1946 

Vertical, 
small-
scale, 
low-mod 
resolution 

Timing? 
Approx. one year after the cessation of hostilities in 
Europe.  

Site occupancy? As per the period OS mapping.  

Site ground cover type(s)? 
Ambiguous at this scale. However, likely rough 
grassland and peat cuttings, like today.    

Evidence of local military activity? 
No obvious evidence. Possibly unidentifiable at this 
scale. 

Evidence of WW2 bombing?     
(ruins, clearance, craters) 

No obvious evidence. Probably unidentifiable at this 
scale.  
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 23rd Apr 
1948 

Vertical, 
small-
scale, 
high 
resolution 

Site occupancy? As per the period OS mapping.  

Site ground cover type(s)? 
Predominantly rough grassland, heather moorland, 
peat cuttings.      

Evidence of local military activity? No obvious evidence.  

Evidence of WW2 bombing?     
(ruins, clearance, craters) 

No conclusive evidence. Some marks on the ground 
have a bomb-crater-like appearance.  

 Other significant 
observations 

The availability of WW2-era aerial photography is very poor, with only the parts of the 
northern and southern Site extents covered. Appropriate images covering the vast majority 
of the Site area were unavailable.  

TABLE 2: Historical Aerial Photography Review 
 

3.3 Additional Historical Information  

If a site encompasses a historic landmark, significant building etc, further research might locate a written account 
providing details on the site’s historic occupancy. Such details could prove significant when assessing the various 
variables relating to, for example, the likelihood of a German UXB strike going unnoticed and unreported.  

No such information located.    

4 WW2 Enemy Action Assessment: Aerial Bombing    

4.1 German bombing during WW2 

Between 1939 and 1945, the German air force (the Luftwaffe) dropped approximately 75,000 tonnes of HE bombs 
and over two million incendiary bombs (IBs) on the four nations of the UK. Almost all counties were affected to some 
degree.  

At the time, bombing was still in its infancy. Testing showed that the accuracy of daylight, level flight bombardment 
would put 50% of the bombload within 91m of the centre of the target from an altitude of 3,000m. At double this 
altitude the error exceeded 400m. In poor visibility and at night, the error could increase by >250%.  

Furthermore, these tests were conducted within an uncontested environment. The various British AA defences and 
navigational countermeasures greatly hindered bombing. Luftwaffe aircraft frequently abandoned their intended 
target and jettisoned their bombloads indiscriminately. Consequently, numerous bombing incidents occurred in open 
countryside throughout the UK, many miles from intended targets.  

Bombs were only rarely dropped individually. The normal procedure was to drop an internally carried bombload in a 
single sequence, with release spacings pre-set from 10m to 100m. 20No. 50kg bombs (the most numerous HE 
bombload) could thus extend in a line (called a bomb-stick) varying between 200m and 2km in length. These patterns 
(when accurately plotted) can aid in locating unreported UXBs. It should be noted however that externally carried 
bombs could be released individually, creating uneven bomb-stick patterns or solitary bomb strikes.    

For other types of commonly deployed ordnance, inaccuracy was inherent. 1kg / 2kg IBs and parachute retarded 
mines (high-capacity blast bombs) were easily blown off course by the wind. 
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4.2.5 ‘Iron’ Bomb J-Curve Effect 

WW2 BD units reported that most deep buried German HE UXBs were observed in a horizontal or up-turned 
orientation. As a HE UXB penetrates the ground at an angle slightly offset from the vertical, it begins to turn, creating 
a curved passage through the soil.  

This phenomenon can be significant when assessing the risk of UXO as the J-Curve Effect results in a horizontal 
offset from the point of UXB entry. A HE UXB could impact soft ground adjacent to a building and then come to rest 
beneath that building. The degree of lateral offset is typically one third (approximately) of the bomb’s ultimate 
penetration depth. Therefore, for locations which experienced high-altitude bombing raids, J-Curve offsets will 
typically be between 2.0m and 4.0m. In extreme conditions, a low altitude attack resulting in a low angle UXB strike 
could produce even greater horizontal offset, up to 15.0m. 

4.3 British Records of Bombing 

4.3.1 Official Records  

The Bomb Census was undertaken by the MoHS. The Bomb Census was compiled using information primarily 
gathered by ARP (Air Raid Precautions) wardens. Standardised forms were used to keep a written record of each 
incident. In many areas, these reports were used to create bomb plot maps. The MoHS also calculated bombing 
density statistics for every administrative area and created Daily Intelligence Reports, recording the date and location 
of every single air raid.    

The Bomb Census commenced in September 1940, more than three months after the German bombing campaign 
commenced. Initially, only information relating to London, Birmingham and Liverpool was collated. It was not until 
September 1941 that the Bomb Census was extended to cover the entire UK. Consequently, many pre-September 
1941 records were not standardised and, in some cases, were poor quality.  

The level of detail varied greatly with location. Furthermore, the Bomb Census did not cover air raids on military 
property. The armed forces had no formal process for recording air raids and processing associated records.  

As well as bombing incident records, some local authorities produced war damage maps. Council engineers carried 
out street by street surveys to create a record of the varying degrees of damage sustained by buildings.      

Today, many original (archived) bombing records are incomplete, some collections are missing altogether and in 
some cases, entire records were destroyed at the time by German bombs. 

4.3.2 Unofficial Records  

In some parts of the UK where official bombing records are incomplete or missing, historic eyewitness accounts, 
newspaper articles, aerial photographs, etc can be used to build up a picture of WW2 air raids. The credibility of any 
such information, however, must be addressed and assessed.         

4.4 Luftwaffe Targets  

4.4.1 Brief Overview 

The Luftwaffe carried out reconnaissance flights over the UK. Numerous aerial photographs were taken with 
subsequent German annotations earmarking various facilities for attack. Luftwaffe crews were also given British OS 
maps with German annotations highlighting their target area. In the absence of detailed bombing records, the 
presence of a known target increases the likelihood that bombs fell locally.  

Although official German doctrine did not specifically target civilian residential areas, the Blitz raids on individual 
targets were gradually replaced by what was, for all intents and purposes, unrestricted indiscriminate bombing. This 
was due to the effectiveness of British countermeasures. The Luftwaffe identified city centre aiming points for some 
attacks, as well as identifying individual targets. Typical types of target:  
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Between 1942 and 1943, most ‘K’ sites were dismantled, however many of the other decoys were used up until late 
1944 when Luftwaffe activity over the UK had all but ceased. By the end of 1941, the airfield decoys had received 
359No. attacks compared with 358No. raids carried out against the real airfields. By June 1944, approximately 
730No. attacks had been recorded on all decoy types. At least 5% of the total weight of German bombs dropped are 
estimated to have been aimed at Britain’s decoy sites.  

4.5.2 Site-Specific  

None installed locally. The closest decoy site was situated approximately 140km away.  

4.6 Local Air Raids Information 

4.6.1 Brief Summary  

The Isle of Lewis parishes of Stornoway and Barvas were, like today, very isolated / rural and relatively insignificant 
during WW2. The lack of multiple confirmed bombing targets in this region combined with the extremely isolated 
position and vast distances from the Luftwaffe’s airfields, meant that German air activity in the region was very low. 
Note, the vast majority of Scotland’s air raids occurred in the south and east of the country, well away from the Outer 
Hebrides. This also means that the study area was not positioned beneath or near any major Luftwaffe flightpaths 
to / from frequently bombed cities.  

4.6.2 Bombing Density 

The table below records the MoHS bombing density calculation for the WW2-era Landward Area (LA) of Ross & 
Cromarty, within which the Site was historically situated. Note, this calculation does not include several small urban 
areas in the region (one of which was bombed), it relates to the rural area only. The adjacent table displays IAL’s 
bombing density parameters. The table gives a breakdown of the number of large Luftwaffe bombs reported within 
this administrative area.  

These figures do not include UXBs, 1kg / 2kg IBs, or 2kg AP bombs. Further research indicates a very low likelihood 
that any lightweight IBs or AP bombs were dropped in the local area.  

Administrative Area Size (Acres) 1,974,801  Qualitative Quantitative 

HE ‘iron’ bombs (all types)  18  Very Low  <5 bombs per 1,000 acres (405ha) 

HE Parachute Mines 0  Low 5 to 15 bombs per 405ha 

‘Flam’ Oil IBs 0  Low to Moderate 15 to 30 bombs per 405ha 

Phosphorus IBs 0  Moderate 30 to 75 bombs per 405ha 

‘Fire Pot’ Phosphorus IBs 0  Moderate to High 75 to 150 bombs per 405ha 

V1 Flying Bomb  0  High 150 to 300 bombs per 405ha 

V2 Long Range Rocket 0  Very High >300 bombs per 405ha 

Total (excluding V Weapons) 18   

Bombs Per 1,000 Acres (405ha) <0.0    

TABLE 5: Bombing Statistics and Parameters - National Source    

 

Note, the same MoHS record for nearby Stornoway, records no bomb strikes on this urban area. 

4.6.3 Site-Specific  

Note, the bombing density figure for a whole administrative area is not always a good indication of the bombing 
density over a specific site. Within larger districts, particularly rural districts, bombing density figures may be 
skewered by the presence of a heavily bombed target. 
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5 WW2 Enemy Action Assessment: Other   

5.1 V Weapons 

5.1.1 Brief Overview   

In mid-1944 Germany launched the V1 Flying Bomb campaign. The V1 was a primitive cruise missile carrying an 
848kg HE warhead. Between 13th June 1944 and 29th March 1945, V1s were launched from static sites in France 
and Belgium. 5,823No. missiles landed in England, 2,419No. of which reached London, their intended target.  

Not long after, Germany launched the V2 Rocket campaign. The V2 was a primitive ballistic missile carrying a slightly 
smaller HE warhead (735kg). Between 8th September 1944 and 27th March 1945, V2s were launched from static 
and mobile sites in Holland. 1,102No. rockets landed in England, 516No. of which hit London, the initial target area. 
Later on, Norwich was targeted, sustaining 43No. strikes.     

Both weapons were constructed of thin sheet steel and consequently had very limited ground penetration ability, if 
they failed to function. Therefore, V Weapons do not themselves pose a UXO risk, however the damage they caused 
can hamper the accurate assessment of Luftwaffe UXB risk.    

5.1.2 Site-Specific  

The V Weapons campaign did not affect Scotland.     

5.2 Artillery Bombardment 

5.2.1 Brief Overview  

Six German Navy artillery batteries (comprising 20No. guns of between 21cm and 40.6cm calibre) were established 
in the German occupied Pas-de-Calais area from July 1940. In addition, the German army brought railway-mounted 
guns to this area of France, seven of which (six 28.0cm calibre guns and one 21.0cm gun) were capable of striking 
inland targets in Kent.   

The first shells were fired at Kent on the 12th August 1940 with frequent attacks occurring during each of the next 
four years until the final bombardment on the 26th September 1944. In all, at least 1,000No. attacks (each involving 
multiple projectiles fired) were recorded, an average of one every two days. The towns of Folkestone, Deal and 
Dover were targeted, however many shells landed in the surrounding countryside. UXO finds of this type are rare.   

5.2.2 Site-Specific  

Scotland was located well beyond the range of the German cross-channel artillery batteries.  

6 WW1 Enemy Action Assessment 

6.1 Aerial Bombing  

6.1.1 Brief Overview 

Between December 1914 and August 1918, the German navy air wing and army air wing carried out 51No. Zeppelin 
airship raids and 52No. fixed-wing aircraft raids (involving multiple aircraft) against England and south-east Scotland. 
Note, many more attacks involving solitary fixed-wing aircraft occurred. An estimated total of 9,000No. HE bombs 
and IBs were dropped, with London and the east Kent towns experiencing the most raids. During the four years long 
campaign, Britain suffered 4,820No. casualties.  

The German bombing campaign of WW1 was significantly smaller in scale than the WW2 campaign, in terms of the 
number of raids, number of aircraft per raid, and size of bombloads (for fixed-wing aircraft). As it was the first time 
Britain had experienced aerial bombardment, the small-scale daytime attacks often attracted spectators, which 
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increased the chance of any UXB being observed and reported. When combined with the fact that most WW1 
bombsites have been redeveloped, German WW1 UXB finds are rare.   

6.1.2 Site-Specific  

The Isle of Lewis was not bombed during WW1.  

6.2 Naval Bombardment  

6.2.1 Brief Overview  

Several coastal towns in Yorkshire, Norfolk, Suffolk, and Kent were subjected to naval bombardment from German 
warships during seven raids in 1914, 1916 and 1917. These raids varied in intensity, both in terms of duration 
(number of shells expended) and calibre of artillery employed. The heaviest attack resulted in >1,000No. shells fired, 
with the lightest raid expending only several rounds.  

The relatively short firing distances during these bombardments resulted in many shells failing to explode, as there 
was not enough time for some shells to arm themselves before striking the coast. German WW1 UX naval shell finds 
are extremely rare.  

6.2.2 Site-Specific  

The Isle of Lewis was not subjected to naval bombardment during WW1.           

7 Domestic Military Activity Assessment  

7.1 Sources of Potential Explosive Ordnance Contamination     

The table below lists all the modern and historical sites and activities that could have potentially resulted in British / 
Allied UXO and AXO contamination in the UK.   

Source of EO Examples  Associated EO Hazard Items Relevance  

Military Bases 
and Installations 

Army camps, RAF, RN or USAAF 
airfields, RN shore establishments, 
signals or communications installations, 
military training centres, etc.  

Various conventional and chemical EO. The 
types of EO will depend on the type of site 
and branch of the military utilising it. 

Plus AXO (SAA, LSA and AA ammunition) 
for WW2 site defence, if applicable. 

INSIGNIFICANT 

Military Training 
Areas and 
Weapons Ranges                         

Inland and costal RAF and USAAF 
bombing ranges. Army / Royal Marines / 
RAF Regiment etc weapons ranges.    

Various conventional and chemical EO. The 
types of EO will depend on the type of range 
/ training area and branch of the military 
utilising it.  

POTENTIALLY 
SIGNIFICANT  

Munitions and 
Explosives 
Factories       

Royal Ordnance Factories, National 
Filling Factories, National Explosives 
Factories, Royal Naval Cordite Factories, 
etc. 

Various conventional and chemical EO. The 
types of EO and explosives contamination 
will depend on the type of factory.  

Potentially plus AXO (SAA, LSA and AA 
ammunition) for WW2 defence. 

INSIGNIFICANT 

Munitions Storage 
Depots 

Royal Naval Armaments Depot, Royal 
Naval Ordnance Depots, RAF 
Ammunition Depots, Air Ammunition 
Parks, Reserve / Forward Ammunition 
Depots, Central Ammunition Depots, etc  

Various conventional and chemical EO. The 
types of EO potentially present will depend 
on the branch of the military utilising it.  

Potentially plus AXO (SAA, LSA and AA 
ammunition) for WW2 defence. 

INSIGNIFICANT 

Fortifications and 
Defence 
Measures 

Pillboxes, fortified houses, various 
earthworks (e.g. trenches) etc at: 

Nodal Points, Stop-Lines, VPs, etc.    

SAA, regular army LSA, AA ammunition, 
Flame Fougasse, and Home Guard-specific 
weapons / ammunition.   

UNLIKELY 
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Military 
Requisitioned 
Sites: WW1 and 
WW2 

During WW1 and WW2 many private 
properties were requisitioned by the War 
Office for military use, including training.    

SAA, regular army LSA and Home Guard 
specific weapons / ammunition.   UNLIKELY 

Pipe Mines and 
Conventional 
Minefields: WW2 

Pipe mines and improvised mines at 
military bases. Conventional minefields at 
beaches and some Nodal Points.    

Canadian pipe mines, various British 
landmines (AT and AP) and IEDs.    INSIGNIFICANT 

RAF and USAAF 
Crash Sites 

Numerous British and American aircraft 
crashed in the UK, chiefly during WW2. 
Munitions and ammunition not always 
fully recovered.   

Various conventional air-delivered ordnance 
(bombs and rockets) and machine gun / 
autocannon ammunition.  

UNLIKELY 

Home Guard 
Activity: WW2 

Volunteer army tasked with home defence 
during WW2. An armed branch of the 
British Army. Battalions were active in all 
British counties.  

SAA, regular army LSA, Home Guard 
specific ammunition e.g. 29mm Spigot 
Mortar, 3-inch Smith Gun, No.73, No.74, 
No.75 and No.76 grenades, etc.  

POTENTIALLY 
SIGNIFICANT  

Anti-Aircraft 
Weaponry: WW1 
and WW2 

Light AA (machine gun and autocannon), 
Heavy AA (QF guns), and ZAA (rocket 
projectors).   

SAA, autocannon shells (20mm, 37mm, 
40mm), QF shells (3, 3.7, 4.5-inch), UP 
rockets (2 and 3-inch). 

POTENTIALLY 
SIGNIFICANT  

TABLE 6: Sources of Potential Domestic Explosive Ordnance  

 

Five original UK armed forces maps (WW2-era and modern) are displayed at FIGURE 5. These maps record various 
permanent onshore military training areas and firing ranges in Scotland. None are plotted on the Isle of Lewis during 
the WW2-era. A small arms range / range complex is however plotted in the general area of the northern extent of 
the Site on the modern (1995) map, see Heading 7.2.1 below.  

These maps do not record the numerous small, temporary (wartime) bombing ranges that were established during 
WW2, to cater for the vast expansion of RAF and RN air power, in addition to the arrival of numerous USAAF units 
in the UK. Further research has identified one such bombing range (Melbost Sands) >4.4km east of the Site. This 
practice bombing range was chiefly utilised by RAF Coastal Command bomber squadrons based at RAF Stornoway 
and possibly naval air (seaplane) squadrons based at RNAS Stornoway. It’s distance from the Site renders it 
insignificant.  

Local sources of potential EO contamination are assessed in the following sections. 

7.2 Barvas Small Arms Range 

The Barvas Small Arms Range was a 600-yard shooting range for rifle type weapons, located on Barvas Sands in 
between the two northern coastal portions of the Site. The target butt was situated on the shoreline, ~540m south 
of the Site boundary (see FIGURE 6).  

This live MoD range featured five concrete firing points at intervals of 100-yards and a wooden target butt at the 
northwest end, for a seaward firing direction. The danger area (beyond the target) extended out to sea, 
encompassing >2.0mi2 of ocean.  

The Barvas range was known to be active as of November 2009, however at some point between October 2011 and 
May 2013, the range was decommissioned and dismantled, with all structures removed.  

The position of the range indicates a low likelihood that any wayward bullets could have landed within the Site 
boundary. And even if spent rounds did land on Site, only SAA (inert solid shot bullets) will have been utilised here, 
posing no UXO hazard.  

There is no reason to believe that soldiers training at the Barvas range would have accessed the Site whilst carrying 
live ammunition and accidentally or intentionally contaminated the Site with EO.       
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7.3 WW2 RN Air Station Stornoway / HMS Mentor 

In 1940, a Royal Navy air station (RNAS Stornoway) was established at Airdnan Laogh, a promontory on the west 
side of the head of Stornoway Harbour. This station (~1.2km southeast of the Site) was an austere establishment 
without permanent accommodation for personnel and therefore the nearby Lews Castle and its grounds (~1km 
southeast of the Site) were requisitioned for use as a military camp, named HMS Mentor. Note, some RAF personnel 
based at RAF Stornoway were also billeted here.  

The station comprised a hangar, several other buildings, and a slipway down to the water. Several squadrons (flying 
catapult type floatplanes / flying boats) utilised the base during WW2. When No.700 Squadron moved away, RNAS 
Stornoway was reduced to care & maintenance status in June 1941.  

Although located relatively close to the Site, it is considered unlikely that RN or RAF personnel accommodated at 
HMS Mentor would have had any reason to access the southeastern portion of the Site. Furthermore, even if such 
personnel did access the Site, they are highly unlikely to have carried hazardous types of EO (e.g. grenades).  

7.4 WW2 RAF Activities  

Anecdotal evidence references, quote ‘small outstations, controlled by the base [RAF Stornoway], located slightly 
further north in the Butt of Lewis and in Barvas’. It is not clear whether the author is referring to Barvas village 
(abutting the Site boundary in the north) or Barvas Parish, covering a vast area (extending up to 19km from the 
nearest Site boundary). 

An original WW2-era military airfields map is displayed at FIGURE 7. Only RAF Stornoway is plotted locally. The 
catalogues of several relevant archives (including the RAF Museum, The National Archives, and the MoD), however 
no mention of an RAF installation at Barvas was found. The good quality 1948 aerial photograph is appropriately 
positioned and dated to record evidence of any wartime RAF installation within 1km of Barvas village. No such 
evidence is visible. Furthermore, no alternative evidence (including archaeological records, historic environment 
records, historical OS maps, eyewitness / anecdotal, or relevant publications - see APPENDIX 4) referencing an 
RAF site at Barvas village was found.   

The Isle of Lewis was home to four Chain Home radar stations (built and operated by the RAF) during WW2. Each 
with its own accommodation camp and facilities to cater for the RAF personnel based there. Although two of these 
were installed within Barvas Parish, they were both >16km northeast of the Site. The closest radar site (RAF 
Broadbay) was ~11km east of the Site, in Stornoway Parish.  

It is worth noting that many official records relating to historic military sites simply did not end up being transferred 
to the relevant archives. Records may have either been lost, destroyed or are now held privately.   

7.5 Military Aircraft Crash Sites  

7.5.1 Brief Overview 

The presence of RAF Stornoway on the island increases the probability of military aircraft crashes within the study 
area. WW2 necessitated a significant reduction in the length of pilot training programs, inevitably resulting in a higher 
frequency of accidents. Locally, this was compounded by adverse conditions (hilly topography and fog, etc).  

High-speed ground impacts resulted in high density objects (engines and bombs) becoming buried in the soil. 
Complete salvage of the bombload would not necessarily have been a priority following such incidents, especially 
in isolated areas with very soft ground conditions. This is evidenced by recent UXB and ammunition finds at a number 
of wartime aircraft crash sites in the UK.  

7.5.2 Site-Specific  

A few separate records detailing historic military crash sites in Scotland were searched. No evidence has been found 
describing an aircraft impacting the Site, at high speed and from a steep angle, however it is likely that the available 
records are incomplete. At least seven RAF and Royal Canadian Air Force (RCAF) military aircraft crashes resulting 
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in casualties occurred in and around RAF Stornoway. However, these all appears to have occurred within 2km of 
the airfield.  

7.6 WW2 Invasion Defence Activities  

7.6.1 Brief Overview 

From mid-1940, the threat of imminent German invasion resulted in the fortification of many coastlines, cities and 
towns in Britain. Army units were concentrated in the most vulnerable / most likely invasion areas and local Home 
Guard (HG) battalions were raised throughout the country.  

At first, the strategy called for largely static defences focused on the coastline (the coastal crust) and a series of 
inland anti-tank stop-lines. The stop-lines varied in their length, strength and complexity with the General 
Headquarters Line (GHQ Line) being the most important. Stop-lines mostly comprised pillbox fortifications and anti-
tank trenches, where possible built / dug along natural barriers to armoured vehicles, for example rivers. Similarly, 
major cities (including London) were ringed with inner and outer stop-lines.  

By July 1940 however, the plan had changed. Coastal crust defences and ‘nodal points’ were prioritised over stop-
lines. Nodal points (also known as anti-tank islands or fortress towns), were strategic focal points expected to hold 
out against attack for up to seven days.  

The HG comprised men either too old or young, or in reserved occupations. Almost all populated areas in Britain 
stood up a HG battalion and some organisations (infrastructure organisations and large industrial works) created 
their own private units. HG platoons were sometimes detached to military related sites for training and to provide 
guards for sentry duty.  

By mid-1940, over one million had signed up to the HG. Initially, only basic and improvised weapons were available, 
however by mid WW2, weapons specifically designed for the HG (e.g. SIP grenades and the Blacker Bombard spigot 
mortar) as well as conventional weapons, were widely deployed.  

Historically, an ‘out of sight out of mind’ culture (with regards to ammunition disposal) has been widespread in the 
British armed forces. This is evidenced by numerous post-war AXO finds in the UK. Troops appear to have discarded 
unwanted or faulty items (including surplus ammunition) on civilian land, most likely when the threat from invasion 
had passed or when the HG was disbanded in 1944. Ammunition caches are also believed to have been buried at 
defended positions, for quick / easy access in the event of an invasion. Inevitably some were forgotten and can 
therefore remain in-situ today. 

Small and large-scale invasion defence exercises were frequent at military sites and in civilian areas throughout 
Britain. However, such exercises usually involved the use of blank ammunition and relatively unhazardous training 
aids (smoke canisters and pyrotechnics). For obvious reasons, live ammunition was rarely used for mock battles 
between defenders and a group posing as the enemy. 

7.6.2 Site-Specific  

Soldiers of the 1st Hebridean (Stornoway) HG battalion would have been responsible for the defence of the wider 
study area. However, as none of the relevant archives hold the original operational records relating to this battalion, 
their day-to-day activities are unknown.  

The regional defence scheme for the British Army’s North Highland District (Scottish Command) was accessed. This 
record (dated 1942) details the invasion defence strategy for the Outer Hebrides. It lists RAF Stornoway as a 
defended locality, however does not list any other defended localities or VPs in the vicinity of the Site.   

Detailed research (including archaeological records, historical OS maps, and historic aerial photography) has not 
identified any defence measures / fortifications within or near the Site boundary. This is supported by the lack of any 
stop-lines, VPs, or nodal points within or near the Site boundary.   

HG units often requisitioned public or private lands within their area of responsibility for use as ad-hoc training areas. 
This could include live weapons and explosives training. Such activity often went unrecorded and therefore, the 
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Artillery projectiles were always painted, this protected the steel from rust but was also used to indicate the nature 
of the ammunition. The basic body colours for artillery were; Yellow (HE), Light Green (smoke), Black (Flare / Star) 
and Grey (chemical). Note, artillery shell fuzes found on their own can also represent a hazard. Although small, such 
items can contain enough HE to cause serious injury if mishandled. 

Data sheets detailing examples of field gun and AA artillery projectiles are displayed at APPENDICES 2 and 3.        

7.8.3 Grenades  

Grenades are the most commonly encountered type of WW2-era British LSA in the UK. Other types of LSA include 
mortars, artillery projectiles (e.g. AT guns), infantry rocket systems and mines (AP and AT).  

Hand grenades and rifle (projected) grenades are small devices with a delay fuze that detonates three to five 
seconds after initiation / launch. They are divided into two categories, explosive (fragmentation or blast) and carrier. 
The latter are used for signalling (smoke) and incendiary (chiefly white phosphorus for AP and AT use). 

A wide variety of grenades have been deployed in the UK historically. The first modern British fragmentation grenade 
(the Mills Bomb) was used from 1915 onwards, with later models used well into the post-WW2 period. Consequently, 
this model accounts for the majority of UX grenade finds in Britain. A Mills Bomb (the No.36 grenade in British 
service) is approximately 95mm x 61mm and contains approximately 71g of HE. 

Another common UK grenade find is the No.76 Self-Igniting Phosphorus (SIP) grenade. These cheap and simple 
devices comprised a glass bottle (152mm x 63mm) containing a composition that reacts with air (when broken) 
creating an intense white phosphorus incendiary effect (burns hazard). They equipped most HG units during WW2.    

A data sheet detailing some of the grenades (and other LSA items) most commonly deployed in the UK historically 
is displayed at APPENDIX 3.    

7.8.4 Small Arms Ammunition  

SAA (or bullets colloquially) is primarily cartridge-type ammunition with a calibre of <20mm. Each 'round' comprises 
a cartridge case, projectile (bullet), propellant and primer. Side arms (pistols), rifles and light to heavy machine guns 
utilise SAA. 

Generally, SAA poses a relatively low EO hazard due to the small amount of explosive contained within the cartridge 
case and the low sensitivity / stable nature of the complete round. Although a cache of unspent rounds subjected to 
high temperatures (e.g. fire) could function and create a hazard.  

Expended SAA (the projectile) is almost always solid shot, i.e. inert. Note, During WW1, experimental incendiary 
and explosive .303-inch SAA saw limited use with the Royal Flying Core and the RAF. Consequently, such SAA 
encounters today are very rare.   

In the UK, the most commonly encountered historic SAA is .303-inch calibre. This was the standard cartridge used 
by British and Commonwealth armed forces from 1889 until the 1950s. However, many other calibres have been 
deployed in the UK by British and Allied forces. 

8 Explosive Ordnance Migration   

8.1 Introduction 

Any fill material deposited on a site is unlikely to be contaminated with EO, as the material will have experienced 
excavation, transport, and processing during which any large objects are likely to have been observed and removed. 
However, EO encounters within such material do occur, confirming that items can be missed.   

One known reason is WW2 Blitz rubble. The Blitz resulted in vast quantities of bombsite rubble. This material was 
put to use in a variety of ways. >750,000No. tonnes of London’s rubble were used to build runways for new military 
airfields and Liverpool’s rubble was used to create and maintain flood defences throughout Merseyside. Blitz rubble 
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EO Type NEQ or Incendiary Hazard Likely Contamination Depth Hazard Class 

German HE ‘iron’ bombs   25kg to 220kg HE (most common)                         
530kg to 990kg HE (least common) Deep (3.0m to 10.0m+) Very High 

German 41kg and 50kg 
Incendiary ‘iron’ bombs  13kg incendiary composition or 7kg HE Shallow / Deep (2.0m to 6.0m) 

High British HE HAA Shells and 
Rockets  1.1kg - 2.2kg HE Shallow (0.5m to 2.0m) 

Some British HE Land 
Service Ammunition  1 - 2kg HE Very Shallow (<1.0m) 

Some British HE Land 
Service Ammunition  <1kg HE Very Shallow (<1.0m) 

Moderate 
German 2kg Incendiary + 
HE Bombs   680g thermite (incendiary) + 100g HE                             Very Shallow (<1.0m) 

German 1kg Incendiary 
Bombs   680g thermite  Very Shallow (<1.0m) 

Low to 
Moderate 

British HE LAA Autocannon 
Shells 

4g to 70g HE and / or incendiary 
composition Very Shallow (<0.5m) 

British Small Arms 
Ammunition 

Small quantity of black powder. Inert 
projectile or <1g incendiary composition  Very Shallow (<0.5m) Low 

TABLE 7: Most Common Hazard Items 
 
 
 
 
 
 

 

 

10.2.2 Subsequent Detection 

There are many variables that affect the likelihood that a German UXB or British UX AA projectile strike was detected 
and reported, either as it fell to the ground or subsequently. Accurately assessing the precise conditions that existed 
at a given site >75 years ago is problematic. The most pertinent variables are addressed below.  

Historic Ground Cover 

Risk Elevating Ground Cover  Site-Specific Comment 

Bombsite: a UXO strike to a building in ruin will likely have remained 
undetected. The entry hole of a UXB will have been easily obscured under the 
rubble / debris. However, a small UX AA projectile or UX 1kg / 2kg IB may not 
have achieved ground penetration, instead coming to rest within the rubble.  

n/a 

Water: UXO landing in a stream, canal, river, pond, lake or the sea would 
have been immediately lost beneath the waterline and would not have resulted 
in any persistent evidence of its incidence.  

The Site boundary encompasses multiple 
lochs and watercourses. 

Soft / Waterlogged / Unconsolidated Ground: a UXO entry hole within 
marshland, tidal riverbank sediment, tidal coastal sediment / sand dunes, etc 
will have closed up / collapsed relatively soon after it occurred.  

The Site boundary encompasses large 
areas of soft peat.  

Dense Vegetation: Peripheral unmaintained vegetation or woodland in an 
urban location. Or rural forest, heathland, etc. A UXO entry hole within 
inaccessible vegetation could have been overlooked. Note, WW2-era 
woodland obscures the view of the ground cover beneath and therefore it must 
be assumed that vegetation exists beneath the canopy.  

Unmaintained grassland throughout the 
Site and some wooded areas.  
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Arable Land: a field under dense crop growth or ploughed soil. A UXO entry 
hole within this dense foliage or broken soil could have been overlooked. 

Some small-scale agricultural activities 
(small holdings).  

Risk Reducing Ground Cover Site-Specific Comment 

Undamaged Building / Structures: any UXO strike would have caused 
substantial damage and incontrovertible evidence of the incident.  

The Site boundary encompassed multiple 
houses.  

Undamaged Hardstanding: A UXO strike on historic hard surfacing (roads, 
pavements, commercial yards, etc) would have created an easily recognisable 
entry hole.  

n/a 

Maintained Grass Lawns: a grass lawn known to have been in use 
throughout WW2 and therefore subject to regular grounds maintenance, e.g 
playing fields, parkland, sports pitches, golf course fairways.  

A UXO strike would have created an easily recognisable entry hole. 

n/a 

Less Easily Assessed Ground Cover Types Site-Specific Comment 

Waste / scrap / aggregate etc storage area: a UXO strike to a heap of 
unconsolidated material could have collapsed / become obscured. However, if 
the ground cover beneath was hard surfaced, a large UXB entry hole could 
have been subsequently observed and reported.  

n/a 

Wasteland: the ground cover on such land may not be easily identifiable. 
Weed-covered bare earth or broken up made ground could conceivably 
obscure a UXO entry hole. Alternatively, a UXO strike to hard unvegetated 
earth ground could have been recognisable.    

n/a 

Railway Tracks: a small UXO entry hole within unconsolidated track ballast 
material in between tracks could conceivably have collapsed. Alternatively, a 
large UXB strike to rail track would have caused obvious damage.  

n/a 

Quarry: clay pit, gravel pit, etc. The type and condition of the ground cover 
might not be easily identifiable. Note, disused quarries could easily become 
flooded.  

Some very small gravel pits occupied the 
Site during WW2.  

TABLE 8: Historic Ground Cover 

 

 

Historic Site Occupancy and Access 

UXO Observed as it Occurred  Site-Specific Comment 

Air Raid Timing: If most local air raids occurred during the hours of darkness, 
there is a greater chance that any UXO fall occurred unobserved. 

If the study area only experienced daylight attacks, there is a greater chance 
that any UXO strike was witnessed as it occurred.  

The only bombing raid in the region 
occurred during the hours of darkness. 

Population Density: If the study area was sparsely populated, there is a 
greater chance that any UXO strike could occur unobserved.  

Within a densely populated built up area, the opposite is true. Note however, 
most people would have been sheltering during large scale night raids.      

Most of the Site area was extremely 
sparsely populated and the Site was 
almost entirely undeveloped.  

Civil Defence and Military Defence: Many vital facilities (factories, dockyards, 
etc) had their own teams of Fire Watchers tasked with extinguishing small IBs. 
These observers would have also reported any UXB strikes.  

AA batteries, searchlight batteries, barrage balloon sites, and Royal Observer 
Corps posts. Associated personnel would have reported any UXB strikes.  

No evidence found / highly unlikely.  
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Civil Defence Requisition: many schools, churches and other public buildings 
in frequently bombed areas were requisitioned by Civil Defence for use as first 
aid posts, reception centres and canteens for bombed out civilians. Such 
buildings were therefore in use during night raids.  

n/a 

UXO Subsequently Observed  Site-Specific Comment 

Bomb Damage: If substantial bomb damage occurred, parts or all of a site 
would have been abandoned for the remainder of the war. Any subsequent 
evidence of a UXO strike is more likely to have remained unobserved for a 
significant period.  

n/a  

Site Occupancy: If a site was occupied by buildings that survived the war 
intact, it likely remained inhabited or in use during the bombing campaign. 
Probably accessed on a daily basis, evidence of a UXO strike is highly unlikely 
to have gone unreported. Undeveloped sites could have been neglected for 
significant periods. Any UXO is more likely to have remained unobserved and 
gone unreported. 

A large portion of the Site area would not 
have been accessed during WW2. 

UXB Searches: the Luftwaffe used delayed-action (DA) bombs, designed to 
detonate up to 72hrs after impact. As a result, ARP wardens, residents and 
workers often carried out specific searches for DA bomb / UXB entry holes 
within the environs of their buildings, following local raids. Undeveloped isolated 
land is unlikely to have been searched.  

Highly unlikely to have been conducted 
anywhere on Site. 

TABLE 9: Historic Site Occupancy and Access 

   

10.2.3 Site-Specific Conclusion  

A review of original air raid and bombing incident records has not highlighted any significant Luftwaffe activity within 
the study area. This is unsurprising given the Site’s location and lack of multiple Luftwaffe bombing targets in the 
region. The study area experienced a very low bombing density, with the closest bomb strikes occurring >4km away 
(a small-scale / single aircraft sorties raid).  

Although the extremely isolated nature of much of the Site area means that any indiscriminate bombing incident(s) 
could have easily occurred unwitnessed (and gone unreported), the likelihood that a German aircraft flew over the 
Site whilst releasing a bomb that failed to function on impact with the ground, is very low.  

No evidence of any historic or modern military activity (that could conceivably result in EO contamination) within the 
Site boundary, has been identified, and none likely occurred. It is conceivable that armed HG soldiers accessed the 
Site during WW2 (routine patrols or training exercises), however any associated EO contamination is more likely to 
comprise isolated, small-scale incidents involving low hazard EO (e.g. SAA), as opposed to large areas of dense 
contamination. Note, the former rifle range near the northern Site boundary does not pose a significant EO 
contamination risk to this part of the Site.    

Although AA guns were deployed within firing range of the Site during WW2, the infrequency and low intensity of 
Luftwaffe activity in region suggests AA ammunition expenditure would have been minimal, possibly non existent. 
Consequently, even though the Site covers a vast area, there is a very low likelihood of UX AA projectile 
contamination.  

No evidence of any military aircraft crashes (Luftwaffe, RAF, USAAF, RCAF) that could have resulted in EO 
contamination of the Site has been found. However, as the available records are likely to be incomplete, the 
possibility of such an incident on Site cannot be completely ruled out.    
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10.3 Degree of Risk Mitigation   

10.3.1 Ground Works  

Ground works on an EO contaminated site could have resulted in the partial or complete removal of the buried EO 
threat. If EO was uncovered during intrusive ground works, the incident would have been reported and dealt with by 
the armed forces. Note, it is usually not possible to accurately determine the volume of soil disturbance associated 
with historic or even recent ground works at a given site.  

10.3.2 Explosive Ordnance Clearance  

EOC was not as effective historically as it is today. Surveys were not always undertaken to set parameters and 
degrees of certainty. Recent EO finds on land known to have been previously surveyed for EO confirm that older 
detection equipment was ineffective. Furthermore, some EOC tasks did not result in 100% clearance of all EO, by 
design. Magnetometer surveys can be calibrated to ignore magnetic anomalies that model under a certain mass. 

EOC tasks are not conducted on all MoD land prior to disposal / sale. An EOC task will only be carried out on land 
where there is a known risk of EO contamination, e.g. a former firing range. For example, when numerous WW2-
era RAF airfields were closed down and sold off, they were not automatically subject to site-wide magnetometer 
surveying for EO. Any EOC activity was usually prioritised for airfield bomb dump, other ammunition stores and 
burning / demolition grounds. Due to a lack of capacity, historic RAF EOC activities were largely reactive (not 
proactive), the result of call outs to EO finds.  

EO is occasionally discovered at sites where EOC activities are known to have occurred. The detail and level of 
survey and targeted investigation undertaken by the military will depend on the former use of the site and purpose 
of the clearance (i.e. disposal, redevelopment, return to agriculture, etc). The level of clearance will also depend on 
the available technology, resources and practices of the day. Note, a standard notice accompanying British Army 
EOC documentation states that ‘the presence of EO can never be completely discounted. Although considered 
unlikely, there still remains the possibility of buried or stray [EO] items.’ Therefore, it cannot be assumed that the risk 
of EO remaining has been completely mitigated, even if EOC tasks have been undertaken. 

IAL has access to a database of historic EOC tasks carried out by the British Army’s 33 Engineer Regiment EOD 
(now part of 29 EOD&S Group). However, this database is only complete up until the early 2000s and only provides 
basic details on each task.    

10.3.3 Site-Specific Conclusion 

Ground Works: Post-WW2 / Post Military Use  Site-Specific Comment 

EOC Activity: evidence of EOC task(s) affecting the Site. 
Or, is there an increased chance that the Site has 
experienced partial or complete EOC?   

No evidence found. Significant proactive EOC surveying is 
unlikely to have occurred on Site.  

Phases of Development / Redevelopment: How many 
phases of ground work have affected the Site? 

No significant phases. 

Greenfield Land: Does the Site contain any significant 
areas of undisturbed greenfield land?  

Yes, almost the entire Site area.  

Very Shallow Buried EO: Have any parts of the Site 
experienced very shallow level soil / made ground 
disturbance? e.g. demolition works, soil stripping, site 
enabling works, minor grading, agricultural ploughing, etc.  

Traditional peat cutting (for fuel) is known to have been a 
widespread practice on the Isle of Lewis historically. It is also 
known to have continued into the post-WW2 period.  

Some minor agricultural ploughing at the small holdings.   

Shallow Buried EO: Have any parts of the Site experienced 
shallow level soil disturbance? e.g. grading works, strip / pad 
foundations, buried services installation (drainage), etc. 

Peat cutting - as above.  
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10.4.4 Site-Specific Conclusion 

As a ‘blind’ intrusive methodology, peat probing is more likely to strike buried EO, when compared to ‘open’ 
mechanical excavations of the same material. However, the total volume of peat disturbed during the proposed 
works will be very small, reducing the likelihood of encountering anything buried (including EO). The likelihood of 
striking an item of EO during the proposed works is therefore low.    

10.5 The Likelihood of Initiation 

10.5.1 Introduction  

The likelihood of initiating EO depends on the type of EO and how aggressively it is encountered. Various types of 
EO buried in the UK require an impact, vibration or heat to initiate. Most EO contains a fuze and most fuzes contain 
a small quantity of shock-sensitive primary explosive. An impact to a fuze can therefore cause it to initiate, in turn 
detonating the main explosive charge.  

German UXBs buried in the UK do not spontaneously self-detonate. The vast majority of German WW2 ‘iron’ bombs 
contained an electrical fuze. Decades of burial (exposure to environmental conditions) will have caused these fuzes 
to corrode and lose their electrical charge. Consequently, during any such UXO encounter, it would be almost 
impossible for the fuze to initiate via its original (electrical) explosive train. 

In theory, German UXBs could still initiate if the bomb were impacted with enough force. Percussive piling and bore-
holing are engineering works that could impart enough force to detonate the main explosive charge of an EO, without 
requiring the fuze to function. Furthermore, the ‘blind’ nature of these intrusions elevates the likelihood of an EO 
impact.  

Excavators and loaders impart less energy via their buckets and site workers might be able to notice a partially 
unearthed EO and halt works prior to an impact. For these reasons, IAL conducts separate risk rating calculations 
for different intrusive methodologies. 

During WW2, the Allied air forces used mechanical (not electrical) fuzes, which pose a greater long-term UXB hazard 
on the continent. Furthermore, in Germany, 1No. buried Allied WW2 HE bomb per year (on average) self-detonates 
due to degradation of the chemical detonator in its time-delay fuze.  

Sensitive types of EO include German 2kg (mechanically fuzed) ‘Butterfly’ bombs, types of British (mechanically 
fuzed) unexploded LSA (‘blind’ / ‘dud’ items), and bombs with chemical time-delay fuzes.    

10.5.2 Site-Specific Conclusion  

There is no reason to believe that the Site-specific hazard items are more sensitive to an initiation when compared 
to similar EO contamination elsewhere in the UK.     

The relatively small forces involved in manual peat probing significantly reduce the likelihood of detonating EO via 
contact with the main body of the EO casing. Furthermore, the very soft nature of the peat means any relatively 
lightweight EO device in the path of a peat probe rod, is more likely to be pushed aside, further reducing the force 
imparted upon that EO item and therefore the risk.       
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11 The Historical Record: Extent and Accuracy  

11.1 Introduction 

The availability of key documents and data will affect the completeness and accuracy of the Site-specific risk 
assessment. Furthermore, historical records can sometimes be proven inaccurate, when compared with other 
records. Some inaccuracies could significantly affect the outcome of a risk assessment and therefore a Site-specific 
review must be conducted.  

11.2 Site-Specific  

The historic record is of sufficient quality, with only minor (insignificant) inconsistencies between the records 
highlighted. The salient points relate to the lack of potentially significant military activity affecting the Site and the 
specific type and extent of the proposed ground works. IAL is confident therefore that an accurate risk assessment 
can be performed. 
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12.4 Factor 3 (F3): Calculating the Likelihood of an Explosive Ordnance Initiation Event  

The table below includes the calculations of ‘Likelihood’ and descriptions of the resulting scores. 

   TABLE 13: Factor 3 Scoring 

 

12.5 Factor 4 (F4): Explosive Ordnance Event Magnitude  

The potential hazard associated with each hazard item combined with the likely depth of EO initiation. This factor is 
described and scored in the table below. 

   TABLE 14: Factor 4 Scoring 

 

12.6 Factor 5 (F5): Sensitive Receptors   

The presence and sensitivity of receptors in the vicinity at the time of the proposed works. This factor is described 
and scored in the table below. 

F1 x F2 = F3 Classification Example Descriptions F3 Rating 

F3 = 0 Impossible 
Confirmed evidence that no EO is present or no pathway to sensitive 
receptors present. 0 

F3 = 1 to 4 Highly Unlikely 
EO is highly unlikely to be present. No pathway to sensitive receptors 
present. Initiation of EO is highly unlikely. 1 

F3 = 5 to 8 Unlikely 
EO is unlikely to be present. There is an established pathway to 
sensitive receptors. Initiation of EO unlikely. 2 

F3 = 9 to 13 Possible 
EO could be present. There is an established pathway to sensitive 
receptors. Initiation of EO is unlikely but possible. 3 

F3 = 14 to 20 Likely 
EO is likely to be present. There is an established pathway to sensitive 
receptors. Initiation of EO could occur. 4 

F3 = 21 to 25 Almost Certain 
Confirmed evidence of EO contamination. There is an established 
pathway to sensitive receptors. Initiation of EO is likely. 5 

Classification Example Descriptions F4 Rating 

None British military training device (inert). 0 

Very Small  British SAA at depth. 1kg German bomb at depth. 1 

Small  
British LSA or HAA projectile at depth. British LAA projectile near the surface. 2kg German 
bomb at depth. 1kg German bomb near the surface. British SAA near the surface. 2 

Medium 
British LSA or HAA projectile near the surface. 2kg German bomb near the surface. 
Medium German ‘iron’ bombs at depth. 3 

Large Large German ‘iron’ bombs at depth. Medium German ‘iron’ bombs near the surface.  4 

Very Large Large German ‘iron’ bombs near the surface. 5 

Classification Example Descriptions F5 Rating 

Single Plant / equipment. 1 

Few Plant / equipment, buried services. 2 

Medium Human, plant / equipment, buried services. 3 



© Impartial Assessments Ltd Project: ScotWind Project N4, Isle of Lewis 
www.impartialassessments.com Doc Ref: DRA.10117.23 Version 1  

  

 

Page | 33 
   

   TABLE 15: Factor 5 Scoring 

 

12.7 Factor 6 (F6): Calculating the Consequence of an Explosive Ordnance Initiation Event  

The table below includes the calculations of ‘Consequence’ and descriptions of the resulting scores. 

TABLE 16: Factor 6 Scoring 

 

12.8 Calculating the Final Risk Level(s) 

The ‘Likelihood’ and ‘Consequence’ factors are combined in the risk matrix below to produce a final risk score.  

 

 

 Consequence (F6)  

  0 1 2 3 4 5  

Li
ke

lih
oo

d 
(F

3)
 

5 0 5 10 15 20 25 

Final R
isk S

core 

4 0 4 8 12 16 20 

3 0 3 6 9 12 15 

2 0 2 4 6 8 10 

1 0 1 2 3 4 5 

0 0 0 0 0 0 0 

   

TABLE 17: Risk Matrix 

Most Human, plant / equipment, buried services, buildings. 4 

All 
Human, plant / equipment, buried services, buildings, listed buildings, scheduled ancient 
monuments, protected environment (e.g. TPO). 5 

F4 x F5 = F6 Classification Example Descriptions F6 Rating 

F6 = 0 None 
Contact with inert military device. No initiation event. No risk to human 
health or damage sustained. 0 

F6 = 1 to 4 Insignificant 
Very small magnitude inadvertent initiation at depth. Possible cosmetic 
damage to plant. No risk to human health or buildings damaged.  1 

F6 = 5 to 8 Mild 
Small magnitude inadvertent initiation. Possible damage to plant. Possible 
risk to human health (minor first aid injury).  2 

F6 = 9 to 13 Moderate 
Medium magnitude inadvertent initiation. Damage to plant. Possible 
damage to buried services. Possible cosmetic damage to buildings. 
Possible risk to human health (minor injury).  

3 

F6 = 14 to 20 Severe 
Large magnitude inadvertent initiation. Severe damage to plant, buried 
services and buildings. Fatality and / or severe injuries.  4 

F6 = 21 to 25 Catastrophic 
Large magnitude inadvertent initiation. Catastrophic damage to plant, 
buried services and buildings (including listed buildings, scheduled 
ancient monuments, etc). Multiple fatalities and severe injuries.  

5 

Final Risk Rating (score) 

0 - 1 2 - 5 6 - 9 10 - 12 15 - 16 20 25 

Very Low Low Low-to-
Moderate Moderate Moderate-to-

High High Very High 

Risk Levels 
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12.9 Conceptual Site Model 

Site-specific risk model calculations have identified two risk levels and one risk zone. The conceptual model is displayed below.  

 
 

 Low Risk Table 

 Hazard Item Pathway Receptor Likelihood (F3)   Consequence (F6) Final Risk Rating Risk Level 

G
er

m
an

  

‘iron’ High Explosive Bombs  Peat probing (by hand). Blast + frag. Human, Plant, Structures. 1 (F1:1 x F2:1) 3 (F4:4 x F5:3) 3 (1 x 3) Low 

‘iron’ Incendiary Bombs  Peat probing (by hand). Blast + frag + fire. Human, Plant, Structures. 1 (F1:1 x F2:1) 3 (F4:3 x F5:3) 3 (1 x 3) Low 

1kg and 2kg Incendiary Bombs   Peat probing (by hand). Fire + blast. Human, Plant.  1 (F1:1 x F2:1) 2 (F4:2 x F5:3) 2 (1 x 2) Low 

B
rit

is
h 

/ A
lli

ed
  

Anti-Aircraft Projectiles (spent) Peat probing (by hand). Blast + frag. Human, Plant, Structures. 1 (F1:1 x F2:1) 3 (F4:3 x F5:3) 3 (1 x 3) Low 

Land Service Ammunition Peat probing (by hand). Blast + frag + fire. Human, Plant, Structures. 1 (F1:2 x F2:1) 3 (F4:3 x F5:3) 3 (1 x 3) Low 

Small Arms Ammunition Peat probing (by hand). Human 1 (F1:2 x F2:1) 1 (F4:1 x F5:1) 1 (1 x 1) Very Low 

TABLE 18: Low Risk Table 
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