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The Client has specified the Study Site as “Bourne Estate, Holborn, London”. The Site is located at
National Grid Reference 531160, 181890.

The Luftwaffe conducted numerous bombing raids against London during World War Two (WWI1I),
with virtually all boroughs of the city sustaining substantial damage and loss of life, which can be
attributed to the quantity of bombs dropped and the inaccuracies of high altitude bombing at this
time. This is evidenced by the very high bomb density statistics recorded by the Holborn
Metropolitan Borough (in which the Site is located) of 863 High Explosive (HE) bombs per 1,000
acres.

During WWII the Air Raid Precaution (ARP) wardens retained detailed records concerning many
aspects of Luftwaffe bombing. These records have identified two HE bomb strikes within the Study
Site, with an additional eight recorded within 100m of the Site boundary. These records do not
contain information regarding incendiary bombs, which may also have struck the Site. These were
deployed in such vast quantities that the locations were seldom recorded.

Prior to WWII the Study Site has been identified, by 1937 County Series mapping, as a densely
developed area containing numerous commercial and residential buildings. The London County
Council (LCC) recorded damage sustained by property throughout WWII, these maps have
identified significantly high levels of damage across the entire Site, with many of the structures
sustaining “total destruction”. Whilst these maps are considered definitive, the specific cause (e.g.
HE bombs or Incendiary bombs) of this damage is not indicated. Given the severity and scale of
damage throughout the Site, debris could potentially mask a UXB entry hole.

Should a UXB have indeed landed on Site, the potential for penetration is significantly reduced due
to the development on Site, the thickness of the made ground and also the “competent” natural
strata beneath the Site. 6 Alpha has assessed that the maximum bomb penetration for the likely
HE bombs on Site would not exceed 4m below ground level (bgl).

Post WWII development has been limited in both scale and depth. There have been three
buildings constructed within the Site post WWII, which may have reduced the potential for a UXO
discovery within the footprint of these structures. However, given the scale of destruction and the
bomb density for this Site, the potential for unexploded ordnance (UXO) contained within these
areas is still considered to pose a significant threat to future works conducted within this
particular Site.

The threat is predominately posed by WWII German HE bombs, Incendiary Bombs and British Anti-
Aircraft Artillery (AAA) projectiles (the latter were used to defend against German raids). This
threat is principally confined from ground level to 4m bgl.

Given the type of munitions that might be present on Site, all types of aggressive intrusive
engineering activities may generate a significant risk pathway.

MEDIUM/HIGH

Magnetometer survey is not possible within this Study Site due to the potential UXO threat
being contained within the Made Ground, which significantly limits the detection ability of
potential items of UXO. Therefore, the following risk mitigation measures are required for ALL
ground work activities on the Study Site:

1. Operational UXO Risk Management Plan; appropriate site management documentation
should be held on site to plan for and guide upon the actions to be carried out in the event
of a suspected or real UXO discovery.

2.UXO Safety & Awareness Briefings; the briefings are essential when there is a possibility of
encountering explosive ordnance, and are a vital part of the general safety requirement.

3. Specialist UXO Banksman Support; all ground works should be supervised by a specialist
UXO banksman to identify and dispose of any items of UXO.
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6 Alpha Associates are independent, specialist risk management consultants and the UXO
related risk on the Site has been assessed using the process advocated by both the
Construction Industry Research & Information Association (CIRIA) best practice guide (C681)
and by the Health & Safety Executive (HSE).

Therefore, any risk levels identified in the assessments are objective, quantifiable and not
simply designed to generate “follow on survey or contracting work”; any mitigation
solution is recommended only because it delivers the Client a risk reduced to As Low As
Reasonably Practicable (ALARP) at best value.

Potential UXO hazards have been identified through investigation of Local and National
archives covering the Site, Ministry of Defense (MoD) archives, local historical sources,
historical mapping as well as contemporaneous aerial photography (as and if, it is
available). Potential hazards have only been recorded if there is specific information that
could reasonably place them within the boundaries of the Site. Key source material is
referenced within this document, whilst data of lesser relevance (which may have been
properly considered and discounted by 6 Alpha), is available upon request.

The assessment of UXO risk is a measure of probability of encounter and consequence of
encounter; the former being a function of the identified hazard and proposed development
methodology; the latter being a function of the type of hazard and the proximity of
personnel (and/or other “sensitive receptors”), to the hazard at the moment of encounter.

Should a measurable UXO risk be identified (in this case, assessed as MEDIUM/HIGH
across the Site), the methods of mitigation recommended are reasonably and sufficiently
robust to reduce these to As Low As Reasonably Practicable (ALARP). We believe that the
adoption of the legal ALARP principle is a key factor in efficiently and effectively
ameliorating UXO risks. It also provides a ready means for assessing the client’s tolerability
of UXO risk. In essence the principle states that if the cost of reducing a risk significantly
outweighs the benefit, then the risk may be considered tolerable. Clearly this does
not mean that there is no requirement for UXO risk mitigation, but any mitigation must
demonstrate that it is beneficial. Any additional mitigation that delivers diminishing
benefits and that consume disproportionate time, money and effort are considered de
minimis and thus unnecessary. Because of this principle, unexploded bomb (UXB) risks will
rarely be reduced to zero (nor need they be).

Although this report is up to date and accurate, our databases are continually being
populated as and when additional information becomes available. Nonetheless, 6 Alpha
have exercised all reasonable care, skill and due diligence in providing this service and
producing this report.

The assessment levels are based upon our professional opinion and have been supported
by our interpretation of historical records and third party data sources. Wherever possible,
6 Alpha has sought to corroborate and to verify the accuracy of all data we have employed,
but we are not accountable for any inherent errors that may be contained in third party
data sets (e.g. National Archive or other library sources), and over which 6 Alpha can
exercise no control.
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The Client has specified the Study Site as “Bourne Estate, Holborn, London”. The Site is located at
National Grid Reference 531160, 181890. See Figures 1 and 2 for the Site location.

The Site is situated within the Hatton Garden Conservation Area, located immediately east of
Grays Inn.

The Study Site is an irregular shape covering approximately 1.2 hectares (Ha). It is located within a
city block bounded by four streets, Portpool Lane to the north, Buckridge Building to the east,
Baldwin’s Gardens to the southeast and St Albans Church of England Primary School to the south.
The western boundary is located to the rear of the commercial properties fronting onto Grays Inn
Road.

There are three structures located within the Study Site, these are Gooch House (comprising of 20
flats) located to the west, a community building located centrally and Mawson House (comprising
of 30 flats) located to the southeast. The remainder of the Site comprises of hard standing and
gardens. See Figure 3 for a current aerial view of the region.

The Client has specified that there are three proposed development plans, one infill and two
redevelopment opportunities.

Proposal 1: “The first proposal looks to replace the two single storey community buildings, set
out in an L-shape, with a new larger rectangular building with community facilities at ground floor
and four storeys of residential above. This block would rationalise this area and create a clearly
defined frontage enclosing open spaces to the front and rear, whilst providing modern accessible
community facilities (new community centre and 12 flats)”.

Proposal 2: “The second opportunity could come through the extension from the blank facade of
1— 27 Portpool Lane or through the creation of a new freestanding block, reaching up to 5 storeys
fronting Portpool Lane. In order to enable this development the currently substantial sports pitch
would have to be remodelled making it a few meters shorter to enable a buffer between the two
uses and the loss of a significant tree considered (3 houses or 10 flats)”.

Proposal 3: “The last and most significant intervention option would require the demolition of
Mawson House, containing 20 flats (5 studios, 5 1-beds, 5 2-beds and 5 3-beds) and only one
leasehold. These could be replaced with up to 3 times the amount of accommodation set out in
larger modern flats and maisonettes, most of which would have their own private outdoor spaces
running back to back (38 maisonettes and flats)”.

For completeness of the risk assessment process, 6 Alpha will also assume a number of generic
engineering methodologies within this document, including trial pits, trenching, bulk excavations,
boreholes and piled foundations.

6 Alpha Project Number: P2770_V1.0
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STAGE ONE — SITE LOCATION AND DESCRIPTION (...continued)

Ground The Client has supplied ground conditions for this particular Site (established via a number of
0els/1i01 | boreholes) and these are summarised in Table 1:

Thickness (m) Type Description
3.45-4.90 Made Ground Topsoil over fill comprising compact
bricks and rubble underlain by silty
clayey sand.
0.90 - 2.75 Hackney Gravel Very dense brown slightly silty sand and
gravel.
12.80 — 14.50 London Clay Stiff, becoming very stiff with depth,

grey fissured silty clay.

Very stiff multi-coloured mottled
11.90 Lambeth Group fissured clay over pale grey silty fine
sand underlain by blue clay to 25.90m
bgl (Woolwich and Reading Beds).
Pebble beds over blue clay (Upnor

Formation).
12.20 Thanet Sand Dense green sand.
26.20 proven Chalk White with flints.

Table 1: Site Ground Conditions Summary

It is important to establish the ground conditions within this report to determine both the
maximum German UXB bomb penetration depth (BPD) as well as the potential for other
types of munitions to be buried on this Site.

6 Alpha Project Number: P2770_V1.0
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The following primary information sources have been used in order to establish the
background UXO threat:

Home Office WWII Bomb Census Maps;

WWII & post-WWII Aerial Photography;

Official Abandoned Bomb Register;

National Archives in Kew;

Internet based research;

Geoenvironmental, Drainage and Flood Risk Desk Top Study N°10907 Campbell Reith,
January 2012;

7. 33 Engineer Regiment (Explosive Ordnance Disposal) at Carver Barracks, Wimbish.

oy G g 9D =

The Army and RAF providers have extremely long lead times for the delivery of information
(typically extending to months), and at the time of reporting project specific data has not
been received. If any relevant data is subsequently received that changes the risk
assessment and/or the risk mitigation methodology, 6 Alpha will contact the client.

According to the County Series (CS) & Ordnance Survey (OS) historical mapping, the
following site history can be recorded:

1896 CS Mapping — There is extensive development across the Site consisting of numerous
residential and commercial buildings. The western portion of the Site located between
Portpool Lane, Grays Inn Road and Verulam Street contains a “Laundry” and “Thanksgiving
Model Buildings”. Within the central area of the Site, there is what appears to be a
residential development Providence Place, the southwest of the Site is occupied by court
buildings located on Leopard’s Court and Dove Court;

1916 CS Mapping — There has been no noticeable development within the east or west of
the Site. There appears to have been considerable development located within the centre of
the Site. “Providence Place” is no longer evident, neither are the structures that were
located in proximity to it. These have been replaced by one large rectangular structure
which is not identified;

1937 CS Mapping — There is no noticeable change within the Site boundary, two structures
that have been present to the northwest of the Study Site are now identified as the “Duncan
Buildings”;

1949 to 1952 OS Mapping — There has been significant development within the Site, all
structures located to the northwest and centrally of the Site have been removed. There is
still evidence of structures located within the southeastern portion of the Site;

1965 to 1968 OS Mapping — There is a single rectangular structure located within the
northwest of the Site identified as “Gooch House”, a similar structure is also located to the
southeast identified as “Mawson House”. There is also a structure located within the central
area of the Site, which resembles the size and shape of the community building at present.
The remainder of the Site appears to be landscaped or hard standing;

1972 OS Mapping — No noticeable change within the Site boundary;
1990 to 1995 OS Mapping — No noticeable change within the Site boundary.

Prior to WWII, there had been considerable development across the Site. Following serious
WWII bomb damage, the Site underwent limited post war development, which consisted of
approximately three structures, as well as shallow ground works associated with
recreational gardens and hard standings.

6 Alpha Project Number: P2770_V1.0
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The most intensive period of bombing over London was the nine months between October
1940 and May 1941, known as “the Blitz”. During this period the Luftwaffe attempted to
overwhelm Britain’s air defenses, destroy key military and industrial facilities as well as
logistical capabilities, prior to invasion. A total of 18,000 tons of bombs were dropped on
London between 1940 and 1945. Thousands of civilians were killed and many more injured;
many buildings, both residential and commercial, were completely or partially destroyed.
Public services also sustained intensive targeting with gas, electricity and water supplies often
cut-off following damage to either the installation themselves or to the supply infrastructure.

The CS mapping from 1937 identifies the Study Site as a densely developed commercial and
residential area located within the Holborn Metropolitan Borough of London. The surrounding
area consists of numerous commercial, residential and industrial properties.

During WWII the Study Site was located within the Holborn Metropolitan Borough. Many
areas of London were indiscriminately bombed by the Luftwaffe, particularly areas containing
primary bombing targets. There has been one primary bombing target identified from
Luftwaffe aerial photography (TN1611), which identifies the “Water Works, filter beds and
pumping station” located 750m to the north of the Study Site. In addition, the Luftwaffe
considered railway infrastructure a viable target during WWII, in an attempt to disrupt the
supply and transportation of troops and materials vital for the war effort. There are two
railway stations in proximity to the Study Site, Farrington Street Station (275m to the east)
and Holborn Viaduct Station (600m to the southeast). There is also a “Goods Depot” located
300m to the east, which would also have been considered an “opportunistic” target.

Anti-Aircraft Artillery (AAA) batteries were located in and around London as an integral
defence mechanism against the Luftwaffe bombers. Typically, the Royal Artillery would man
such defences. The AAA defence around London consisted predominantly of 4.5” Heavy AAA
gun batteries and 3.7” AAA batteries. The significance of these defensive positions located
near to the Site, is that the Luftwaffe often targeted them in an attempt to reduce losses.
British AAA sites were located at Hyde Park and Regent’s Park, approximately 3.3km
southwest and 2.4km northwest respectively from the Study Site throughout WWII

Air Raid Precaution (ARP) mapping identifies two HE bomb strikes on the Site from between
October 1940 to July 1941, located within the central area of the Study Site. One is located on
Verulam Street (east), with the second located approximately 35m further north. In addition,
eight HE bomb strikes are recorded within 50m of the Site boundary, three to the north, two
to the south and three to the west.

There are no recorded V1 or V2 strikes recorded within 100m of the Study Site.

The London County Council (LCC) bomb damage maps identify that significant damage was
sustained by all structures located within the Study Site boundary. This ranges from “seriously
damaged — doubtful if repairable” to “total destruction”. The structures located to the
southeast sustained the most intense damage, all being “totally destroyed”, whilst the
structures located within the centre of the Site sustained damage to a slightly lesser (but still
high) degree, being “damaged beyond repair”. The western portion of the Site also sustained
a high proportion of structures being “totally destroyed” whilst approximately seven
structures sustained damage described as “seriously damaged — doubtful if repairable” within
the southwest of the Site.

The Study Site was located within Holborn Metropolitan Borough, which recorded 863 HE
bombs per 1,000 acres. This figure does not include incendiary devices, as they were often
released in such large numbers that they were seldom recorded.

There are no abandoned bombs recorded within the Study Site, or within the immediate
vicinity.

6 Alpha Project Number: P2770_V1.0
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STAGE THREE — DATA ANALYSIS

No; OS mapping from 1937 identifies the Study Site as a densely developed
area of commercial, industrial and residential use.

Yes; there was one primary Luftwaffe target located within the vicinity of the
Study Site, this is identified by Luftwaffe aerial photo “TN1611” as a “water
works, filter beds and pumping station”, which is located 750m to the north.
There were an additional three “opportunistic” bombing targets located
within the region including several areas of railway infrastructure, located
approximately 275m to the east and 600m to the southeast of the Site.

Yes; ARP records identify two HE bomb strikes within the Study Site, with an
additional eight HE bomb strikes recorded within 50m of the Study Site
boundary. Whilst incendiary bombs may have fallen within the Site boundary,
these were dropped in such large numbers that they were rarely recorded.

Yes; the LCC bomb damage maps identify that significant damage was
sustained across the entire Site. The damage sustained by the majority of
buildings located to the southeast and west within the Study Site is described
as “total destruction”, the remaining structures located centrally are recorded
as “damaged beyond repair”. There are approximately seven structures
located within the western area of the Site, which are described as “seriously
damaged — doubtful if repairable”.

Possibly; numerous buildings used both for business and residential purposes
occupied the Study Site, any UXB entering the Study Site whilst engaged in
this level of development and occupancy would probably have been
witnessed. However, following the scale of destruction sustained on Site
between 1940 and 1941, any UXB entering the Site at this time or
subsequently, is likely to have gone unrecorded or witnessed. It is possible
that a UXB from later air raids may have entered the Site, which may have
been masked by debris from these earlier raids.

No; there is no supporting evidence to suggest that guns or associated
artillery munitions were ever stored, located or fired from this Site.

The most likely source of UXO contamination is from German aerial delivered
ordnance, which ranges from small incendiary bombs through to large HE
bombs (of which the latter forms the principal threat). There is an additional
threat posed by British AAA ordnance.

Possibly, following the large-scale destruction on Site during WWII, the area
within the Study Site was developed post WWII. It is possible that the
development of the three structures built during the 1960s may have
removed items of UXO within the footprint of these structures depending on
the scale and depth of ground works. However, there remains a possibility for
UXO to be present within the footprint of the structures.

No, given the widespread bomb damage sustained within the Study Site,
there is no evidence to suggest the probability for a UXO encounter would
vary across the Site. Whilst there has been some post WWII development
within localised areas, this is unlikely to have removed all potential items of
UXO .

6 Alpha Project Number: P2770_V1.0
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Threat Items

Maximum Penetration

Risk Pathway

Consequence

The threat is predominately posed by WWII German HE bombs and
Incendiary Bombs and British AAA projectiles (the latter were used to
defend against German bombing raids).

Considering the detailed ground conditions (highlighted in Stage 1), the
most likely Bomb Penetration Depth (BPD) for a 250kg bomb is assessed
to be 4m (bgl). Whilst the Luftwaffe used larger bombs, their deployment
was so few and only used against notable targets, to use them within this
risk assessment would not be justified.

The expected threat horizon for the Site is shallow. Due to ground cover
present during WWII, bomb penetration depths are expected to be
shallow. The structures present on Site during WWII would significantly
retard the penetration ability of an item of UXO.

Given the type of munitions that might be present on Site, all types of
aggressive intrusive engineering activities (i.e. groundwork) may generate
a significant risk pathway. Whilst not all munitions encountered
aggressively will initiate upon contact, such a discovery could lead to
serious impact on the project, especially in terms of delay and blight.

Consequences of UXO initiation include:

1. Kill and/or critically injure personnel;

2. Severe damage to plant and equipment;

3. Blast damage to nearby buildings;

4. Rupture and damage underground services.

Consequences of UXO discovery include:
1. Delay the project;
2. Disruption to local community/infrastructure;
3. Incurring of additional costs.

h
eoe,

STAGE FOUR — RISK ASSESSMENT

UXO RISK CALCULATION

Site Activities

Threat Items

Risk Rating
Calculation

A number of construction methodologies have been identified for analysis
on this Site. There is a large amount of variation in the probability of
encountering, or initiating items of UXO when conducting different
activities on Site. Additionally the consequences of initiating UXO vary
greatly depending on how the item of UXO was initiated on Site. For this
reason, 6 Alpha has determined that by conducting separate Risk Rating
calculations for each construction methodology that may be used on Site.
The most probable UXO threat items for this Site are German HE bombs,
incendiary bombs and British AAA projectiles. The consequences of
initiating German HE bombs are more severe than initiating incendiary
bombs or British AAA projectiles and thus they pose the greatest threat to
the Site.

6 Alpha’s Semi-Quantitative Risk Assessment identifies the Risk Rating
posed by the most probable threat items when conducting a number of
different construction activities on the Site. Risk Rating is determined by
calculating the probability of encountering UXO and the consequences of
initiating it.

6 Alpha Project Number: P2770_V1.0
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STAGE FOUR - RISK ASSESSMENT (...continued)
UXO RISK CALCULATION TABLE

o Probability Consequence Risk Rating
Activit Threat Item
Trial Pits and HE Bombs 2x1=2 3x2=6 2x6=12
Window :
: Incendiary Bombs 1x1=1 3x1=3 1x3=3
Sampling
AAA Projectiles 1x1=1 3x1=3 1x3=3
Trenching HE Bombs 2x1=2 3x2=6 2x6=12
Incendiary Bombs 1x1=1 3x1=3 1x3=3
AAA Projectiles 1x1=1 3x1=3 1x3=3
Bulk HE Bombs 2x2=4 2x2=4 4x4=16
Excavations ,
Incendiary Bombs 1x2=2 2x1=2 2x2=4
AAA Projectiles 1x2=2 2x1=2 2x2=4
Boreholes HE Bombs 2x2=4 2x2=4 4x4=16
Incendiary Bombs 1x2=2 2x1=2 2x2=4
AAA Projectiles 1x2=2 2x1=2 2x2=4
Piled HE Bombs 2x3=6 2x2=4 6x4=24
Foundations
Incendiary Bombs 1x3=3 2x1=2 3x2=6
AAA Projectiles 1x3=3 2x1=2 3x2=6

6 Alpha Project Number: P2770_V1.0
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STAGE FIVE — RECOMMENDED RISK MITIGATION MEASURES WITH RESULTING RISK
RATING

Non-Intrusive Methods of Mitigation — Not possible, as any magnetometer results
are highly likely to be affected by ferro-magnetic contamination due to previous
construction activities and Made Ground/fill material contained within the Study
Site.

Intrusive Methods of Mitigation — Intrusive magnetometry is expected to be
ineffective on this Site, as any possible UXO items are expected to be confined to
the Made Ground. Intrusive magnetometry within the Made Ground will be
affected by ferro-magnetic contamination and thus UXO threat item identification
would be limited.

MITIGATION MEASURES TO REDUCE RISK TO ‘ALARP’
Risk Mitigation Measures Final Risk
Rating

1. Operational UXO Risk Management Plan; appropriate site
management documentation should be held on site to plan for and
guide upon the actions to be carried out in the event of a suspected
or real UXO discovery.

If a geophysical
survey is required
are the ground
conditions an issue?

2. UXO Safety & Awareness Briefings; the briefings are essential

when there is a possibility of explosive ordnance encounter and are a

vital part of the general safety requirement. All personnel working on

the site should receive a general briefing on the identification of UXB,

what actions they should take to keep people and equipment away

e e sl et from the hazard and to alert site management. Posters and LOW
the entire Site information of the general nature of the UXB threat should be held in ALARP

the site office for reference and as a reminder. The safety awareness

briefing is an essential part of the Health & Safety Plan for the site

and conforms to the CDM regulations 2007.

3. Specialist UXO Banksman Support; all works should be supervised

by a specialist UXO banksman to identify and dispose of any items of

UXO on the Site.

Whilst an intrusive survey would be possible, a Specialist UXO

Banksman Support would be the most cost effective solution for this

particular Site.

6 Alpha Project Number: P2770_V1.0
Client: Tibbalds Planning and Urban Design Limited
Project: Bourne Estate, Holborn, London

11



h
o,

Report Figures
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Figure One

Site Location
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British National Grid

Bourne Estate, Holborn, London
Site Location
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Figure Two

Site Boundary
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Figure Three

Current Aerial Photography

6 Alpha Project Number: P2770_V1.0
Client: Tibbalds Planning and Urban Design Limited
Project: Bourne Estate, Holborn, London



Bourne Estate, Holborn, London
Current Aerial Photography

British National Grid
530900 531000

530900

6 Alpha Associates Ltd.

Quatro House
A Frimley Road

Camberley

Surrey GU16 7ER .
BOMB umteg Kingdom Checked by: Lee Gooderham
SEARC H ' www.Balpha.com Produced by and Copyright to 6 Alpha Associates Ltd.

Users noting any errors please forward to 6 Alpha. -
0203 371 3900 Background data supplied by Ordnance Survey under licence. Date: 23rd February 2012




h
o,

Figure Four

WWII Luftwaffe Bombing
Targets
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Figure Five

WWII High Explosive Bomb
Strikes
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Figure Six

London County Council Bomb
Damage Map
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Figure Seven

WWII High Explosive Bomb
Density
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Detailed UXO Risk Assessment

1.1

1.2

1.3

1.4

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 Approach

Only experienced UXO consultants analyse the site information, before delivering
conclusions and recommendations for the management of the identified risk. The Phase 2
assessment 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.

The Product

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”. This is done in order to maintain the focus

of the report and present the relevant information clearly and succinctly.

Report Structure

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

outline each report has the following structure:

* Stage 1 — Site Location — to include coordinates, report notes, description of each

location and proposed construction methodologies;

 Stage 2 — Review of Dataset — identifying information sources used, site history,
ground conditions and historical WWII data, bomb plot mapping and bomb damage

maps;

e Stage 3 — Data Analysis/Interpretation — of the data sets relative to the site;

Semi Quantitative Risk Assessment 1 Annex 1
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* 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.

1.5 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 «3r 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.

Semi Quantitative Risk Assessment 2 Annex 1
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2 Semi-Quantitative Risk Assessment Process
2.1 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.
Vo D
Figure 1 — Risk Assessment Relationships
2.2 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 scored from 1 to 3 with 1 = Low, 2 = Medium and 3

= High. Probability is therefore scored 1 to 9.

Semi Quantitative Risk Assessment 3 Annex 1
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Intrusive Methodology (IM)

Benign | Medium | Aggressive

(1) (2) ()

Low
E (1) 1 2 3
@z | Medium
Th ) 2 4 6
&
P High
* 3 6 9

(3)

Table 1 — Probability Matrix

2.3 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.

Proximity to Sensitive
Receptors (PSR)

Far Medium | Close

(1) (2) ()

Deep 1 2 3
g U
= edium 2 4 6
g | @
o Shallow
3 6 9
(3)

Table 2 — Consequence Matrix

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.

Semi Quantitative Risk Assessment 4 Annex 1
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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 greater 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.

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
Q
O
§ 3 3 6 9 12 18 27
(o
Q
% 4 4 8 12 16 24 36
(&)
6 6 12 18 24 36 54
9 9 18 27 36 54 81

Table 3 — Risk Rating - Probability and Consequence

The risk to all intrusive activities at each location can then be deemed as Low, Low-Medium,

Medium-High or High as seen in Table 3.

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.

Semi Quantitative Risk Assessment 5 Annex 1
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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.

Semi Quantitative Risk Assessment 6 Annex 1
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3.1 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.

3.2 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 Risk Level Risk Tolerability Action Required
(PxC)
1-4 Low Partly Tolerable Re-active measures should be
employed such as UXO ‘Tool Box’
5-12 Low-Medium Partly Tolerable briefs, and a UXO ‘on-call’ service.
13-27 Medium- Intolerabl Pro-active measures should be
High ntolerable employed such as EOD Engineer Site
. . Supervision and  Magnetometer
28-81 High Highly Intolerable Surveys

Table 4 — Risk Scoring Categories

Semi Quantitative Risk Assessment
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4 UXB Ground Penetration

41 Approach

When assessing the potential for UXB ground penetration it is essential not to rely solely on

one particular empirical, statistical and arithmetical formula.

Whilst there have been numerous theoretical studies and models on this particular subject,
they always appear to be very conservative and suggest deep bomb penetration i.e. in
excess of 10m below ground level. In reality UXBs are rarely ever found at such depths. An
explanation for this over estimation may be that generic models and calculations assume
‘homogenous standard” geological conditions, without the WWII coverage of water, made
ground or hard standing. In addition the bomb penetration assessments typically use all the

conditions and factors that are favourable for deeper and worst case penetration.

Experience has shown that a realistic depth is gained by considering the theoretical models
and tables (such as Christopherson 1945, CONWEP TM5-855-1 and JSP 364)

supplemented by accounts of Bomb Disposal Officer tasks in the area.

4.2 Benchmark Weapons

For this assessment 6 Alpha typically use the 500kg SC as a benchmark for the maximum
bomb penetration, although a 250kg SC was selected for other areas based on the historical
data. Generally, these two variants were the largest of the common bombs used by the

Germans against London.

Semi Quantitative Risk Assessment 8 Annex 1



