	[image: ]                               [image: Logo

Description automatically generated with low confidence]           

School of Applied Computing / Ysgol Cyfrifiadura Gymhwysol



Council Request for Safety Report: Siting an Ammunition Depot on SA1 Waterfront

for

	
OME Safety Management and Legislation
ACDA 6022




Josh Gourlay (2111487)
Word count: 3295
Excluding title page, contents, abstract, table of figures/tables/equations, headings, captions, tables, references, annex



	



Table of Contents
Abstract	4
1.	Introduction	5
2.	Proposed Location	5
3.	Key Terminology	6
3.1.	Net Explosive Quantity (NEQ)	6
3.2.	Hazard Division (HD)	6
3.2.1.	HD1.1	6
3.2.2.	HD1.2	6
3.2.3.	HD1.3	6
3.2.4.	HD1.4	7
3.2.5.	HD1.5	7
3.2.6.	HD1.6	7
3.3.	Compatibility Groups (CG)	7
3.3.1.	Compatibility Group B	7
3.3.2.	Compatibility Group C	7
3.3.3.	Compatibility Group D	7
3.3.4.	Compatibility Group E	7
3.3.5.	Compatibility Group F	8
3.3.6.	Compatibility Group S	8
4.	BigBang Proposal	8
5.	Additional Factors	16
6.	Conclusion	18
References	19
A.	Annex A – Compatibility Group Matrix	20
B.	Annex B – Aggregation Rules	21
C.	Annex C – HD1.1 Individual ESH QD Map	22
D.	Annex D – HD 1.2.1 Individual ESH QD Map	23
E.	Annex E – HD1.3.1 Individual ESH QD Map	24
F.	Annex F – Explosives Limit Licenses (ELL)	25
G.	Annex G – Safety Questions	30


Figure 1: Location of PES	5
Figure 2: Simplified Representation of Each ESH / ECM	9
Figure 3: Simplified Representation of ESH Location at PES	9
Figure 4: ESH to ES Distance Calculation	11
Figure 5: Consolidated QD Map	14
Figure 6: QD Map for the Combined Storage of HD1.2 and HD1.3	15
Figure 7: East Entrance Potential Route	17
Figure 8: West Entrance Potential Route	18
Figure 9: Explosive Compatibility Group Matrix [2]	20
Figure 10: HD1.1 QD Map for Individual ESHs	22
Figure 11: HD1.2.1 QD Map for Individual ESHs	23
Figure 12: HD1.3.1 QD Map for Individual ESHs	24
Figure 13: Explosives Limits License – ESH1 [9]	25
Figure 14: Explosives Limits License – ESH2 [9]	26
Figure 15: Explosives Limits License – ESH3 [9]	27
Figure 16: Explosives Limits License – ESH4 [9]	28
Figure 17: Explosives Limits License – ESH5 [9]	29

Table 1: ES Definitions	10
Table 2: ES Overview	12
Table 3: Comparison of QD Calculation Methods	13
Table 4: Comparison of Building Distances	14
Table 5: Comparison of QDs for HD1.2 and HD1.3	15
Table 6: Assumed Storage Arrangements	16
Table 7: Aggregation Rules [5]	21

Equation 1: Hopkinson-Cranz Scaling Law	9
Equation 2: Calculated IMD using the Hopkinson-Cranz Scaling Law	9

[bookmark: _Toc216337371]Abstract
This report summarises the feasibility of siting a Potential Explosive Site (PES) in Swansea Dock Yards as part of ‘Big Bang Storage Solutions’ proposal in response to a UK Ministry of Defence (MoD) tender. The storage requirements have been critically evaluated using the IATG Toolkit and the minimum safe separation distances have been identified and compared to the values provided by BigBang. These values provided by BigBang as part of their proposal are vastly underestimated and should their storage requirements be approved, this would present a significant risk to the surrounding population and infrastructure mainly due to the quantity of HD1.1 present. Excluding HD1.1, the analysis has revealed that their requirements relating to HD1.2, HD1.3 and HD1.4 could feasibly be met, however, several other factors have been identified which have led to the conclusion that the proposed site location is not suitable, and alternatives should be considered. 


1. [bookmark: _Hlk216078011][bookmark: _Toc216337372]Introduction
Storage is a critical stage in the lifecycle of explosive articles and must be carefully managed to protect civilians, personnel, and nearby infrastructure. Safe storage depends on, to name a few, controlling temperature and humidity, maintaining the estate, keeping accurate stock records, and selecting an appropriate location.
Choosing where to site a Potential Explosive Site (PES) is especially important, as storing highly energetic materials near populated areas increases risk. This was demonstrated by the Lagos, Nigeria disaster, where a fire in a nearby market spread to a military Explosive Store House (ESH), triggering a detonation that killed around 1,000 people [1]. Although multiple factors played a role, the incident highlights how placing such facilities near densely populated urban areas can result in significant loss of life and destruction.
Swansea Council has approached the author to commission a report into the suitability of an explosive storage facility proposed by ‘BigBang Storage Solutions’ as part of an UK MoD tender.
2. [bookmark: _Toc216337373]Proposed Location
Figure 1 depicts the Potential Explosive Site (PES) in which five Explosive Store Houses (ESH) are to be located. The boundary of the proposed PES is highlighted yellow. 
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[bookmark: _Ref214755375][bookmark: _Toc216337401]Figure 1: Location of PES
The proposed site contains approx. 93 km2 of land comprised primarily of concrete foundations, minor roads and a large proportion of uninhabited grassland. Additionally, a large warehouse is located to the south of the central road, which is to be demolished should this land be used to house the proposed ESH’s. 
There are several factors to consider when choosing a suitable location to house an explosive storage facility as summarised below:
A. The distance between the PES and the surrounding facilities/infrastructure/buildings known as Exposed Sites (ES). 
B. The Net Explosive Quantity (NEQ) to be stored at the facility.
C. The Hazard Division (HD) specific to each type of explosive material held at the facility.
D. Explosive compatibility groups.
E. The building construction of the PES and ES.
3. [bookmark: _Toc216337374]Key Terminology
Prior to discussing BigBang Storage Solutions proposal, it is important to define key terminology when discussing storage and licensing of explosive facilities. Sections 3.1, 3.2 and 3.3 below provide definitions for key terminology to be discussed further in this report. 
3.1. [bookmark: _Ref213498371][bookmark: _Toc216337375]Net Explosive Quantity (NEQ)
The total quantity of explosive material within an article or store excluding any packaging, casings or other non-explosive components. For explosive storage and licensing, the metric by which safe separation distances between a PES and ES are calculated is NEQ.
3.2. [bookmark: _Ref213498375][bookmark: _Toc216337376]Hazard Division (HD)
Hazard Division is a United Nations (UN) classification system that defines hazardous materials based upon their end effect. Explosives fall into Class 1 materials, of which there are 6 subcategories referred to as hazard divisions, the definitions of which are summarised below [2].
3.2.1. [bookmark: _Toc216337377]HD1.1
Materials and ammunition that presents a mass explosion hazard. Examples include High Explosives (HE) either stored as raw material, or as part of an article. HD1.1 poses the most severe hazard, with a greater likelihood of causing significant damage, injury and fatalities if sufficient mitigations are not introduced. 
3.2.2. [bookmark: _Toc216337378]HD1.2
[bookmark: _Hlk216078496]Materials and ammunition that present a projection hazard, but not a mass explosion hazard. This can be further subdivided in HD1.2.1 referring to HD1.2 items with an NEQ more than 0.136kg and HD1.2.2 referring to HD1.2 items with an NEQ of less than or equal to 0.136kg. The distinction in subcategories classifies the materials based upon the lethality of the fragments produced, i.e. HD1.2.1 will result in larger and more lethal fragments over a greater distance compared with HD1.2.2. Therefore, greater QD are required for the HD1.2.1. Examples include fragmenting grenades.
3.2.3. [bookmark: _Toc216337379]HD1.3
Materials and ammunition that present a fire hazard, minor blast or projection hazard, or both, but does not result in a mass explosion hazard. Similarly, with HD1.2, HD1.3 can be further subcategorised into HD1.3.1, referring to HD1.3 materials with a mass fire hazard and significant thermal radiation effects and HD1.3.2 referring to HD1.3 materials that result in sporadic burning behaviour and are comparatively less hazardous. 
HD1.3 examples include propellants and rocket motors.
3.2.4. [bookmark: _Toc216337380]HD1.4
Materials and ammunition that present no significant hazard, examples include small arms ammunition, detonating cord and fireworks.
3.2.5. [bookmark: _Toc216337381]HD1.5
Materials and ammunition which are very insensitive by nature but may have mass explosion hazard properties if subjected to a fire, for example, Ammonium Nitrate.  
3.2.6. [bookmark: _Toc216337382]HD1.6
Articles which are extremely insensitive by nature which do not have mass explosion hazard properties. The probability of these articles accidently initiating or propagating is negligible. 
3.3. [bookmark: _Ref213498379][bookmark: _Toc216337383]Compatibility Groups (CG)
Each type of ammunition, in addition to its hazard division, is assigned a single letter designation which refers to its compatibility group. Given the various types of ammunition in service across the world, it is not practical or cost effective to have separate ESH’s for every CG. Therefore, storage of ammunition consisting of multiple CGs are typically required, the process of which involves applying specific rules to maintain a high degree of safety. The CG mixing rules matrix shown in Annex A [2] specifies which CGs can be safely stored together, which cannot be safely stored together under any circumstance and which CGs can be stored together provided certain conditions are met.
BigBang’s proposal discussed in Section 4 refers to several CGs, the definitions of which are summarised below [2]: 
3.3.1. [bookmark: _Toc216337384]Compatibility Group B
Articles containing a primary explosive and not containing two or more protective features. Examples include detonators and small arms primer caps.
3.3.2. [bookmark: _Toc216337385]Compatibility Group C
Propellant explosive material or articles containing propellant materials, which upon initiation deflagrate (sub-sonic burning [3]). Examples include single, double and triple based propellant, composite propellant and rocket motors.
3.3.3. [bookmark: _Toc216337386]Compatibility Group D
Secondary HE material or articles containing secondary HE material without means of initiation and propelling charge. Or a primary explosive containing article that has two or more protective features. Examples include raw TNT and RDX, artillery shells, mortar bombs, complex weapon warheads, or fuzes with two or more safety features. 
3.3.4. [bookmark: _Toc216337387]Compatibility Group E
Articles containing secondary HE material without means of initiation but with a propelling charge.
3.3.5. [bookmark: _Toc216337388]Compatibility Group F
Articles containing secondary HE material with means of initiation and with or without a propelling charge. An example of this is a Rocket Propelled Grenade (RPG). 
3.3.6. [bookmark: _Toc216337389]Compatibility Group S
A material or article that is sufficiently packaged such that any unintended initiation will result in the hazardous effects isolated within the confines of the packaging, provided the packaging has not been degraded by fire. If degraded by fire, the blast and projection effects will be minimal such that it does not hinder or affect fire-fighting or other emergency response efforts within the vicinity of the material or article. An example includes small arms ammunition. 
With the key terms now defined, Section 4 of this report will further discuss BigBang Storage Solutions proposal. 
4. [bookmark: _Ref213512472][bookmark: _Toc216337390]BigBang Proposal
BigBang Storage Solutions have provided some information to support their planning application, which can be found below: 
· Each ESH will be able to hold up 1000 kg of each type of hazard division (pallets stacked 3 high), thereby requiring no more than 5 x ESH built east to west along the waste land.
· The Vulnerable building distance is no more than 300 m for each ESH.
· The Inhabited building distance is no more than 125 m for each ESH
· The Public traffic route distance is 270 m for each ESH
· HD 1.1 is divided as follows:
· HD 1.1B – 50 kg
· HD 1.1D – 3200 kg
· HD 1.1E – 1250 kg
· HD 1.1F – 500 kg
· HD 1.2 is divided as:
· HD 1.2C – 350 kg
· HD 1.2D – 100 kg
· HD 1.2F – 50 kg
· HD 1.3C – 1000 kg
· HD 1.4S – 1000 kg

A series of assumptions have been made regarding the size and construction of the individual ESHs as it is not known at this stage exactly what type of material/ammunition will be stored. For example, it could be fully assembled articles of varying sizes or raw energetic materials, which have different storage facility requirements. Each potential ESH has been designated an Earth Covered Magazine (ECM) with an assumed internal capacity of 20m x 20m (Width x Length). IATG 05.20 guidelines dictate that an ECM should be covered with a minimum of 600mm earth spanning the sides and rear of the ECM [4]. Typically, as shown in Figure 2, further earth mounding is applied to the sides and rear at a particular gradient, the severity of which is dictated by the space constraints at the PES and the construction material used [4]. Therefore, for the purposes of siting these ESHs to determine the feasibility of BigBang’s proposal, the total diameter of each ESH is assumed to be 30m. 
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[bookmark: _Ref213260599][bookmark: _Toc216337402]Figure 2: Simplified Representation of Each ESH / ECM
A calculation was carried out to determine a safe Inter-Magazine Distance (IMD) between each ESH, which is based on the Hopkinson-Cranz Scaling Law as shown in Equation 1 [5]. 


[bookmark: _Ref213852336][bookmark: _Toc216337425]Equation 1: Hopkinson-Cranz Scaling Law
Where R = inter-magazine distance (m), Q = coefficient for IMD calculations (3.6) and W = maximum NEQ for the ESH. Values are substituted into Equation 1 and solved as shown in Equation 2.




[bookmark: _Ref213852699][bookmark: _Toc216337426]Equation 2: Calculated IMD using the Hopkinson-Cranz Scaling Law
Note, the maximum NEQ (W) in Equation 2 has been determined using the aggregation rules which are discussed further in this section.
Based upon the information provided by BigBang, the ESH dimensions determined in Figure 2 and Equation 2 and the identified site location in Figure 1, a simplified representation of the proposed site layout is depicted in Figure 3. As previously mentioned, this assumes the required demolition activities have been carried out on the PES.
[image: ]
[bookmark: _Ref213255298][bookmark: _Toc216337403]Figure 3: Simplified Representation of ESH Location at PES
The ESHs have been positioned centrally within the allocated area to ensure the greatest distance between each ESH and ES possible in all directions. Additionally, the central location provides ample space surrounding each ESH to allow for construction of roads giving access to the ESH for manual handling and delivery vehicles. 
Using the location of the ESH shown in Figure 3 and Google Earth, the distance between the ESH and surrounding ES was determined and input into the IATG Quantity Distance (QD) toolkit. This was used to assess the validity of BigBang’s statements relating to vulnerable building, inhabited building, and public traffic route distances. Table 1 provides a definition and examples of these terms [5].
[bookmark: _Ref213316931][bookmark: _Toc216337418]Table 1: ES Definitions
	Exposed Site (ES)
	Definition
	Examples

	Vulnerable Buildings
	Refers to buildings with typically weaker construction and less robust against explosive effects, or it refers to larger buildings with significant importance or function.
	Churches, listed buildings, multistorey buildings, schools, hospitals, hotels, frangible warehouse structures, large glass clad buildings, apartment buildings, oil refineries, power stations.

	Inhabited Buildings
	A building or structure that is occupied, either fully or partially, by people, typically civilians. 
	Civilian houses, admin areas within an ESH, offices.

	Public Traffic Routes
	Routes used by the general public, which can be specifically defined based on usage as high, medium and low density.
	Roads, railways, waterways, runways, public footpaths.


The minimum distance between a PES and an ES is known as either the Vulnerable Building Distance (VBD), Inhabited Building Distance (IBD) or Public Traffic Route Distance (PTRD) depending on the type of ES identified as defined in Table 1.
Figure 4 presents the method used to determine the approximate distances from each ESH to the identified ES using Google Earth’s measuring tool. Some notable ES are labelled A-N and the distances between each individual ESH and these ES was measured. Table 2 summarises the distances identified from this activity.  Note, the distances were measured from the nearest points relative to each other on the ESH and ES.

[image: ]
[bookmark: _Ref214755470][bookmark: _Toc216337404]Figure 4: ESH to ES Distance Calculation

[bookmark: _Ref213324673][bookmark: _Toc216337419]Table 2: ES Overview
	Reference in Figure 4
	Identified ES
	Type of ES
	ES Justification
	Distance (m) from ESH

	
	
	
	
	ESH 1
	ESH 2
	ESH 3
	ESH 4 
	ESH 5

	A
	HMT Santa Maria Hospital
	Vulnerable Building
	Significant importance/function
	437
	478
	527
	581
	622

	B
	Waterfront Community Church
	Vulnerable Building
	Significant importance/function
	349
	376
	418
	465
	520

	C
	Village Hotel Swansea
	Vulnerable Building
	Construction consisting of several floors and a large population density
	370
	369
	386
	412
	449

	D
	Public Footpath – Waterfront
	Public Traffic Route – Low
	Less than 200 users per day
	210
	182
	164
	144
	147

	E
	Waterfront Housing
	Inhabited Building
	Assumed sound building construction with civilians present
	224
	172
	172
	172
	172

	F
	Langdon Road
	Public Traffic Route – Low
	Less than 1000 vehicles per day
	278
	261
	252
	238
	228

	G
	Fabian Way
	Public Traffic Route – High
	More than 5000 vehicles per day
	410
	374
	348
	333
	293

	H
	Road into Seras Energy
	Public Traffic Route – Low
	Less than 1000 vehicles per day
	380
	302
	237
	178
	94

	I
	Seras Energy
	Vulnerable Building
	Frangible building construction
	395
	327
	260
	194
	110

	J
	7Steel UK Recycling Centre
	Inhabited Building
	Mostly open and lacking any frangible structures, but civilians working on the site are likely present
	380
	339
	315
	328
	286

	K
	Swansea Drydocks Warehouse
	Vulnerable Building
	Large frangible building construction
	469
	444
	439
	476
	473

	L
	Warehouse
	Vulnerable Building
	Large frangible building construction
	208
	260
	318
	391
	441

	M
	UWTSD SA1 Waterfront Campus
	Vulnerable Building
	Significant importance/function, high population density and multi-storey building
	244
	316
	382
	450
	514

	N
	Kings / Roberts Road
	Public Traffic Route – Low
	Less than 1000 vehicles per day
	189
	241
	297
	362
	452



BigBang have been informed that the storage facility, as a whole, is required to store the following quantities of ammunintion: 
· HD1.1 – 5000kg
· HD1.2 – 500kg
· HD1.3 – 1000kg
· HD1.4 – 1000kg
Based on this requirement, BigBang have proposed that each ESH would be able to house 1000kg of each HD. To assess the validity of this claim, a quantity distance (QD) map was plotted using IATG QD Map toolkit to understand what the safe VBD, IBD and PTRD would be. This simple tool calculates these values from an input of NEQ, explosive HD and ESH building type. To detemine these parameters, the rules relating to aggregation of multiple HDs into one ESH were followed and these can be found in Annex B. To summarise, these rules dicate that all ammunition present within each ESH, with the exception of HD1.4, must be treated as HD1.1 when HD1.1 is present. As BigBang’s proposal states that each ESH will hold 1000kg of each HD, the total NEQ of each ESH will be treated as HD1.1, therefore each ESH shall be treated as 3000kg of HD1.1. This was input into the IATG QD Map toolkit using the approximate coordinates of the PES. The calculated values for VBD, IBD and PTRD using this method were checked against the QD tables presented in IATG 02.20 Annex D [5]. However, there were some discrepancies in the distances obtained for VBD and PTRD between the two methods as summarised in Table 3. 
[bookmark: _Ref214109516][bookmark: _Toc216337420]Table 3: Comparison of QD Calculation Methods
	Distance Type
	Distance (m)

	
	IATG Quantity Distance (QD) Map toolkit
	Manual QD Tables in IATG 02.20
	Difference

	VBD
	640
	650
	10

	IBD
	400
	400
	0

	PTRD
	270
	400
	130


The 130m difference in PTRD between the two methods was due to the PTR density assigned. The online tool works out the PTRD on the assumption that the ES is a medium density usage  PTR, which equates to 67% of the IBD (67% of 400m = 268m ≅ 270m). As Fabian Way has been designated a high density PTR, the PTRD as dictated by IATG 02.20 Annex D [5], should be 100% of the IBD, hence the 400m value. The 10m difference in VBD values between the two methods was unknown, however for the purposes of comparing to BigBang’s proposal, the larger 650m VBD was used.
As shown on Figure 5 below the QDs have been overlayed onto a map highlighting the ES. The QD circles for each individual ESH were merged to create a single VBD, IBD and PTRD that encompasses the QDs for each individual ESH. Annex C presents the individual ESH QDs.
[image: ]
[bookmark: _Ref214021425][bookmark: _Toc216337405]Figure 5: Consolidated QD Map
The minimum distances as shown in Table 3 and Figure 5 were compared to BigBang’s proposal supporting information as shown in Table 4. 
[bookmark: _Ref213522810][bookmark: _Toc216337421]Table 4: Comparison of Building Distances
	Source
	Minimum Distances (m)

	
	VBD
	IBD
	PTRD

	Calculated values from IATG QD Tables
	650
	400
	400

	Values provided from BigBang’s proposal supporting information
	300
	125
	270


As shown in Table 4, there are significant differences between the calculated values of VBD, IBD and PTRD and clearly BigBang’s statements regarding these distances are vastly underestimated. Argueably, their statement regarding PTRD does align with the IATG QD Toolkit value, however this assumes a medium density usage PTR, of which Fabian way should not be categorised as such.  
Using the correctly calculated VBD, IBD, and PTRD values from the IATG QD Tables, comparison with the estimated distances in Table 2 shows that several ES fall below the required minimums, indicating that risks to civilians and buildings are not as low as reasonably practicable (ALARP). Figure 5 also provides visual confirmation of this.
The IATG QD tables and online toolkit were used to again to detemine what NEQ and HDs could be stored at the PES and it was clear that no quantity of HD1.1 could be stored. Even at 50kg of HD1.1 the IBD/PTRD is still 400m, the VBD is reduced to 165m but several ES remain well within these distances as shown above in Table 2. However, it was determined that the required quantity of HD1.2 and HD1.3 could be stored safely. The aggregation rules in Annex B were reviewed to determine the QD for storage of HD1.2 and HD1.3 which dictates that the larger QD shall be used when storing these HDs together. Table 5 summarises the QDs determined for each HD. Note, the NEQ is based upon the supporting information provided in BigBang’s proposal, however increasing the NEQ of these HD does not change the QD calculated. Unlike with storage of HD1.1, the NEQ of each HD can be reviewed independently and consolidation of the NEQ is not required to determine the QD. 
[bookmark: _Ref214627566][bookmark: _Toc216337422]Table 5: Comparison of QDs for HD1.2 and HD1.3
	
	Storage Requirement NEQ (kg)
	VDB
	IBD
	PTRD

	HD1.2.1
	500
	60
	60
	No QD

	HD1.2.2
	
	30
	30
	20

	HD1.3
	1000
	64
	64
	60


The identified ES summarised in Table 2 are far beyond the QD for 1000kg of HD1.3, suggesting the hazards to civillians and buildings are ALARP for the combined storage of HD1.2 and HD1.3. However, further mitigations against projection hazards could be introduced by using traverses to surround the ESHs. Figure 6 further highlights this and shows the combined QDs are mostly contained within the boundary of the PES. Annex D and Annex E highlight the QD maps for individual ESHs. 
[image: ]
[bookmark: _Ref214634654][bookmark: _Toc216337406]Figure 6: QD Map for the Combined Storage of HD1.2 and HD1.3
Example explosive licenses for the ESHs have been developed and can be found in Annex F. These dictate the maximum permissible NEQ for each HD that can be stored within the facility, however additional consideration should be given to the CG of the articles. 
BigBang have provided a breakdown of the HD and CGs required as part of their proposal, and a reasonable assumption of how these might be stored in the 5 ESHs can be found in Table 6.
[bookmark: _Ref215936631][bookmark: _Toc216337423]Table 6: Assumed Storage Arrangements
	ESH 1
	ESH 2
	ESH 3
	ESH 4
	ESH 5

	1000kg 1.1D
	1000kg 1.1D
	1000kg 1.1D
	200kg 1.1D
	1000kg 1.1E

	
	
	350kg 1.2C
	250kg 1.1E
	

	
	
	100kg 1.2D
	500kg 1.1F
	

	
	
	50kg 1.2F
	50kg 1.1B
	


Whilst the NEQs and HDs in Table 6 align with BigBang’s proposal, it would not be feasible to store 50kg 1.1B in ESH 4 due to the CG mixing rules summarised in Annex A. This NEQ can only be stored in the same ESH with the corresponding munition, for example 81mm Mortar fuzes stored in the same ESH as the mortar bomb, therefore an additional ESH is required to store this quantity. 
5. [bookmark: _Toc216337391]Additional Factors
It is clear that several other factors have been ignored by BigBang when selecting the PES, particularly the close proximity to water. The proposed area is centrally located in the Port of Swansea, surrounded by the King’s Dock and the Queen’s Dock to the South and the Prince of Wales Dock to the North. These docks are in constant use handling over 520,000 tonnes of cargo annually for a variety of services including construction, offshore wind, agricultural and supporting the UK energy sector [6]. These services are vital to UK economy and the construction of an new explosive storage facility in the proposed location could significantly impact these vital operations. 
The close proximity to the docks also prompts additional security considerations. Given the attractive nature of the contents both in terms of value and strategtic importance, the docks provide an additional access and egress route for individuals engaging in criminal activities. To prevent this, additional resource and funding would likely be needed compared to an in-land ESH solution, such as boat patrols, more secure perimeter fencing and upgraded surveillance equipment. 
A further complication with the dockside location is the increased humidity compared with an in-land location. Increased humidity will promote mould growth, likely causing damage to packaging, requiring replacement or re-stenciling periodically. An explosive storage license will only cover the ESHs for storage of explosive articles, thus these acitivities would not be allowed to take place in the ESHs prompting the requirement for a process building. The lack of a process building in the attached proposal suggests BigBang have not considered this. Furthermore, increased humidity can have a detrimental effect on the reliability and safety of the stored articles. Several explosive compounds, such as nitrocellulose based propellants are susceptible to hydroylysis of the intrinsic nitroester bond. Over time, this increased humidity can cause an autocatalytic reaction to occur depleting the stabiliser content leading to increased sensitivity and autoignition [7]. Similarily, the polymer matrix of several polymer-bonded explosives (PBX) is susceptible to hydrolysis, altering the material mechanical properties and in some circumstances, such as gun launch applications, this could cause premature initiation of the article due to the introduction of cracks/voids [8].
Finally, there are several logistical issues with the location of the proposed site. There are two access roads onto the site, which could be ideal for introducing a one-way system for deliveries. However, the  route when exiting fabian way (highlighted green on Figure 7) is not suitable for Heavy Goods Vehicles (HGVs), therefore restricting access to the site via the east entrance. Access via the west entrance is possible although not ideal for HGVs, but the route (highlighted green on Figure 8) runs through a densely populated area with multi-storey buildings, hotels, hospitals, and a university, significantly increasing the risk to civillians during explosive delivery operations.  
[image: ]
[bookmark: _Ref214721325][bookmark: _Toc216337407]Figure 7: East Entrance Potential Route
[image: ]
[bookmark: _Ref214721401][bookmark: _Toc216337408]Figure 8: West Entrance Potential Route
6. [bookmark: _Toc216337392]Conclusion
BigBang Storage Solution’s proposal to site five ESHs on a PES situated in Swansea Dock’s has been critically analysed and it was determined that the proposed location is not suitable. A comprehensive analysis of the surrounding infrastructure and use of IATG QD tables has concluded that several ES are well within the minimum distances required to safely store HD1.1 articles. However, the QDs associated with the storage of HD1.2 and HD1.3 have determined that the NEQ requirements proposed by BigBang Storage Solutions are possible when stored in ECMs. Other factors contrubuting to this conclusion include:
· Additional security concerns due to dockside proximity
· Increased humidity leading to more frequent repackaging/restenciling activities
· Increased humidity causing a detrimental effect on reliability and safety of stored articles
· Logistical difficulties due to the central location and increased risk to civilians and infrastructure during explosive delivery operations
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[bookmark: _Ref214721364][bookmark: _Toc216337409]Figure 9: Explosive Compatibility Group Matrix [2]
B. [bookmark: _Ref213519217][bookmark: _Ref214626997][bookmark: _Toc216337395]Annex B – Aggregation Rules

[bookmark: _Toc216337424]Table 7: Aggregation Rules [5]
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As the severity of hazards arising from the accidental initiation of HD1.4 are not proportional to the NEQ present, HD1.4 QDs do not account for the NEQ present, thus can be ignored when aggregating with other HDs. 

C. [bookmark: _Ref214030528][bookmark: _Ref214624379][bookmark: _Toc216337396]Annex C – HD1.1 Individual ESH QD Map
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[bookmark: _Toc216337410]Figure 10: HD1.1 QD Map for Individual ESHs 
D. [bookmark: _Ref214634919][bookmark: _Toc216337397]Annex D – HD 1.2.1 Individual ESH QD Map
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[bookmark: _Toc216337411]Figure 11: HD1.2.1 QD Map for Individual ESHs
E. [bookmark: _Ref214634936][bookmark: _Toc216337398]Annex E – HD1.3.1 Individual ESH QD Map
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[bookmark: _Toc216337412]Figure 12: HD1.3.1 QD Map for Individual ESHs
F. [bookmark: _Ref214753433][bookmark: _Toc216337399]Annex F – Explosives Limit Licenses (ELL) 
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[bookmark: _Toc216337413]Figure 13: Explosives Limits License – ESH1 [9]
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[bookmark: _Toc216337414]Figure 14: Explosives Limits License – ESH2 [9]
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[bookmark: _Toc216337415]Figure 15: Explosives Limits License – ESH3 [9]
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[bookmark: _Toc216337416]Figure 16: Explosives Limits License – ESH4 [9]
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[bookmark: _Toc216337417]Figure 17: Explosives Limits License – ESH5 [9]
G. [bookmark: _Toc216337400]Annex G – Safety Questions
1) Will the ESHs be used to store any articles that are recovered from conflict zones and/or foreign contries?
2) What exactly is being stored i.e. articles or raw material?
3) What is the 50kg 1.1B?
4) Do any of the stored articles include blast enhanced energetics e.g. HE containing aluminium
5) What is the importance of the proposed location and are alternative locations being considered?
6) Have maritime users of the docks been made aware of the potential location?
7) Why have BigBang not considered the use of traverses in their proposal? 
8) Have BigBang considered the impact to aviation routes from local airports at the proposed location? 
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Table 4: Compatibility Group Mixing Rules.

‘Compatibity Group B fuzes may be stored with the artcles 1o which they will be assembled, but the Net
Explosive Quantity (NEQ) shall be aggregated and reated as Compatibiity Group F.

Storage in the same building may be permitied if effectively segregated to prevent propagation.

Mixing of articles of Compatibilty Group G wih artcies of other compatibilty groups is at the discretion of the
National Competent Authoriy.

Articles of Compatibilty Group N should not in general be stored with articles in other compaibilty groups
except S._ However, if such articles are stored with artcles of Compatbilty Group C, D and E, the articles of
Compatibity Group N shouid be considered as having the characteristics of Compatibilty Group D and the
Compatibilty groups mixing rules apply accordingly.

‘Compatibity Group L articles shall always be stored separately from all articles of other compatibilty groups as.
well as from all ther arlcies of different types of Compatibilty Group L.

itis allowed to mix 16N munitions. The Compatibilty Group of the mixed set remains N if the munitions belong
tothe same family o i it has been demonstrated that in case of a detonation of one muniton, there is no instant
transmission to the munitions of another family (the familis are then called ‘compatible’). i itis not the case
the whole set of munitions should be considered as having the characteristics of Compatibilty Group D.

Amixed set of munitions 1.6N and 145 may be considered as having the characteristics of Compatibilty Group
N.
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Storage Requirement

* Use HD 1.1 Quantity Distance.

= Aggregate the HD 1.1and 1.2 NEQ.
- Evaluate aggregate as HD 1.1 then as HD 1.2 and use the greater
Quantity Distance.

= Aggregate the HD 1.1, 1.2 and 1.3 NEQ
- Evaluate aggregate as HD 1.1 then as HD 1.2 and use the greater
Quantity Distance.

= Aggregate the HD 1.1 and 1.3 NEQ.
= Use HD 1.1 Quantity Distance for the aggregated NEQ total

= Use HD 1.2 Quantity Distance.

= Assess QD for the NEQ of each HD.
= Use the greatest Quantity Distance.

» Use HD 1.3 Quantity Distance.
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unit Location Authorised s
Big Bang Storage Solutions. Swansea Docks. Explosives Storshouse
Maximum Authorised NEQ
HD 121 HD122 HD 134 HD132 HD14
and | for. and | for and | o ord | for
Okg No Limit No Limit 43289 34328k To physical capacity.
o kg g kg kg
Aggregation Rules Apply
Safeguarded Outside Quantity Distance Authorised: Units of Space:
1ATG 0220
‘Quaniiy Distances as recommended in I5TG matiies and QD tables.

‘Special Conditions and Notes.
N

Acceptance of Risk: Yes, as ALARP principle appiied
Endorsements: N

Explosives Limit Licence Authorisation

Signature: | J Gouray Name: Josh Gouray Rank: A
‘Appointment; | Technical Offcer unit Ammunition Inspectorate

DateElLlssued: | 121120025

Date ELL Expires: | 121122030

Attached Documenation: 1ATG 02 30F ELL Supplementary Matrix

Licence Serial Number: SATESHO10001
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Attached Documenation: 1ATG 02 30F ELL Supplementary Matrix

Licence Serial Number: SATESHO30003
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