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EXECUTIVE SUMMARY

The illicit proliferation, excessive accumulation and misuse of arms and ammunition
pose a persistent challenge for peace and security at the global, regional and national
levels. States suffering from extremely high levels of organized armed violence
and those in conflict-affected and post-conflict settings are often disproportionately
burdened by the illicit flow and availability of arms and ammunition, which impedes
their efforts to provide security to their populations, respond to humanitarian needs,
and to create an environment conducive to sustainable development. Furthermore,
poor ammunition safety management poses a significant hazard to personnel
and has been assessed as a contributory factor in many catastrophic unplanned
explosions at munitions sites (UEMS).

The International Ammunition Technical Guidelines (IATG) provide comprehensive
and practical guidance on ammunition stockpile management. They incorporate
three-ascending risk reduction process levels (RRPLs) to consider the realities
and capacities in different contexts. This document provides practical advice and
guidance on the implementation of safe and secure ammunition management
practices in conflict-affected and low-capacity environments and in doing so it
extracts essential elements from the IATG for guidance and information.

It covers:

e The contextand need forimprovingammunition management in conflict-affected
and low-capacity environments;

e Guidance on how to improve safety at ammunition storage sites by reducing the
risk of an accidental explosion and by mitigating the effects of an explosion,
should it occur;

e Advice onimplementing effective security measures to prevent stock diversion ;

e Advice on how the problem of unclassified ammunition should be addressed;

e Guidance onthe development of specificammunition management competences
andthe training and development of personnel involved in ammunition management-
related activities;

e |dentification of problematic areas where the international community can assist
states in conflict-affected and low-capacity environments;

This document is intended for use by:

e Government officials and policy makers

e Ammunition practitioners and those involved in the day-to-day management
and operation of ammunition storage and processing facilities

e Staff of international entities and non-governmental organizations in the context
of delivering ammunition safety enhancement projects.

This document offers practical information and guidance on how basic ammunition
stockpile safety and security can be improved and risks reduced in ammunition
storage and processing facilities with a view to more comprehensively utilizing
the IATG in the longer term.
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The illicit proliferation, excessive accumulation and misuse of arms and ammunition
pose a persistent challenge for peace and security at the global, regional and national
levels. The diversion of arms and ammunition —often occurring as a result of transfers
without proper controls, unauthorized retransfers or leakages/thefts from poorly
secured stockpiles — enables armed rebels, gangs, criminal organizations, pirates,
terrorist groups and other unauthorized users to exponentially bolster their power.
States suffering from extremely high levels of organised armed violence and those in
conflict-affected and post-conflict settings are often disproportionately burdened by
the llicit flow and availability of arms and ammunition, which impedes their efforts to
provide both security and safety to their populations, respond to humanitarian needs,
and to create an environment conducive to sustainable development.

Figure 1—An Example of Poor Ammunition Managementin West Africa.”

2ok 1 3 B

Inadequate ammunition management poses a significant safety hazard to personnel,
both within a storage facility and external to it. Figure 1 shows a real example of
weapons and a variety of munitions kept carelessly in a shipping container adjacent
to a populated area inWest Africa. Poor ammunition safety management has been
assessed as a contributory factor in a significant number of catastrophic unplanned
explosions at munitions sites (UEMS). The chart at Figure 2 shows the number of
recorded UEMS in the period up to February 2018.
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Figure 2—Unplanned Explosions at Munitions Sites.?
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While the cost of a UEMS in terms of loss of life and injuries is relatively simple to
measure, the financial costs may also be extremely high. In February 2009 a
substantial quantity of military propellant was intercepted by the US Navy on the
Russia-owned, Cypriot-flagged MV Monchegorsk in the Red Sea, while in transit
from Islamic Republic of Iran to the Syrian Arab Republic. A total of 98 shipping
containers were seized and they were later stored in un-covered storage, with
direct exposure to solar radiation, at the Evangelos Florakis Naval Base in Cyprus.
The storage location was adjacent to the island’s principal electricity generating
station. On 11 July 2011, the contents of one of the containers ignited spontaneously
and subsequently the entire stockpile detonated. Later analysis by the NATO
Munitions Safety Information Analysis Center (MSIAC) estimated that the net
explosive content of the stockpile was approximately 480,000 kg.® The incident
resulted in 13 fatalities, 62 injuries and over 3 billion Euro of infrastructure damage.
The former Cypriot Defence Minister was also later convicted of manslaughter.

While this document focuses on ammunition safety management, it is important
to consider that civil explosives may also be stored in government operated and
managed ammunition storage facilities. Commercial explosives, particularly those
associated with the quarrying and other resource extraction industries, may often
have much shorter safe shelf lives than military ammunition natures® and may also
be packed in less robust packaging.

In addition to the safety threat posed by ammunition, there is a security dimension
related toammunition management. Inadequately regulated arms and ammunition
are key enablers of armed conflict and high levels of organized armed violence and
a means of sustaining it. As the UN Secretary General has emphasized: "Armed
violence erodes legal and peaceful dispute resolution mechanisms and undermines
the rule of law. Easily available and uncontrolled arms and ammunition threaten
political processes, undermine police and military authority, and deeply harm security
sector processes” ® Armed conflict and high levels of armed violence represent

[ 12



a grave impediment to economic growth and is one of the leading reasons that
businesses decide not to invest in a country. There is a common denominator in
these trends — that progress on virtually all security and development goals are
severely hampered in areas where arms and ammunition are poorly regulated.
Thus, weapons and ammunition management (WAM) has become crucial in the
work of the United Nations (UN) in conflict-affected and post-conflict environments.

Diversion of ammunition may take place for a number of reasons including®:

Battlefield capture;

e | eakage due to ineffective physical security and stockpile management (PSSM);
e State sponsored diversion; or

e | oss following state collapse.

Inaddition, the Improvised Explosive Device (IED) has become the weapon of choice
of any insurgent and terrorist groups and the ready availability of military munitions
has acted as an accelerant for IED proliferation. Recent conflicts in Iraqg, Libya and
Syrian Arab Republic have demonstrated how a lack of security and control of military
ammunition stockpiles can fuel insurgencies and terrorist campaigns based on the use
ofthe IED. Indeed, the warheads and explosive contents of military munitions thatare
diverted, are perfect for inclusion in the main charges as IEDs as they are optimized to
produce anti-personnel or ant-infrastructure effects and are thus extremely damaging
when employed against non-hardened or other unprotected targets.

Figure 3 shows the aftermath of a massive suicide vehicle-borne IED used to
attack the UN Headquarters in Baghdad, Irag, on 19 August 2003. The IED was
manufactured using military high explosive (HE) filled munitions that had been
looted from an Iragi Army ammunition storage area (ASA). The attack resulted
in the deaths of at least 22 people, including Sérgio Viera de Mello, the Special
Representative of the Secretary General in Iraqg.

Figure 3— Aftermath of the Bombing of the UN Headquarters in Baghdad, Irag.”
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21 PURPOSE AND SCOPE OF THIS DOCUMENT

This document is first and foremost designed to assist those individuals and
organisations operating in conflict-affected and resource-constrained settings.

This document offers practical advice and guidance on how basic ammunition
stockpile safety and security can be immediately improved and the ways risks can
be reducedinammunition storage and processing facilities with a view to full application
of the IATG in the longer term.

This document provides practical advice and guidance on the implementation of
effective and safe ammunition management practices, based on the IATG, in conflict-
affected (CA) and low-capacity (LC) environments. It provides the following:

e The context and need forimprovingammunition management in conflict-affected
and low-capacity environments;

e Guidance on how to improve safety at ammunition sites by reducing the risk of an
accidental explosion and mitigating the effects of an explosion, should it occur;

e Advice onimplementing effective security measures to prevent stock diversion ;

e Advice on how the problem of unclassified® ammunition should be addressed ;

e Guidance on the development of specific ammunition management compe-
tences and the training and development of personnel involved in ammunition
management and other ammunition-related activities ;

e |dentification of potential areas where the International Community can assist
states in conflict-affected and low-capacity environments;

2.2 AUDIENCE OF THIS DOCUMENT
This document is intended for use by:

e Government officials and policy makers to influence those who have control
over the allocation of resources and those who may be involved in the development
of national policies and legislation relating to the management of explosives and
ammunition.

* Ammunition practitioners, including managers and technical officers whoare
involved in the day-to-day management and operation of ammunition storage
and processing facilities;

e Staff of both international and non-government organisations and other entities
involved in the delivery of national capacity development projects relating to
ammunition management. Itis also relevant to those involved with implementation
of regional initiatives and national capability enhancement measures.
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The document does not seek to replace or supplant the IATG. It signposts the reader
to the relevant section of the IATG, and other external resources, where more
underpinning information is required. Ammunition management is always a potential
hazardous activity, and unauthorized and unqualified staff should not handle and/or
manage ammunition at any time.

2.3 STRUCTURE OF THIS DOCUMENT

This document is structured so that each section stands on its own merits. The core
sections of the document are organized as follows:

Section 3 — Context provides an overview of the subject and describes what
is different for ammunition management in conflict-affected and low-capacity
environments to better founded and resourced settings;

Section 4 - Improving Safety — Reducing the Risk of Accidental Explosions
examines those measures which may be taken to reduce the risk of accidental
explosion occurring;

Section 5-lmproving Safety - Mitigating and Managing the Effects of Accidental
Explosions examines those measures which may be taken to reduce the effects
and impact of an accidental explosion should it occur;

Section 6-Developing Ammunition Storage Infrastructure for Conflict-Affected
and Low-Capacity Environments examines expedient methods which may be
employed for the development of ammunition storage and processing infrastructure.
This section contains guidance additional to the IATG based on good practices
on the ground;

Section 7 - Implementing Effective Security Measures and Preventing Stock
Diversion examines methods which may be implementedin resource constrained
environments and where conflict places particular demands on security forces;

Section 8- Managing Unclassified Ammunition provides advice and guidance
on how the intractable problem of unclassified ammunition could be addressed.
This section contains guidance additional to the IATG based on good practices
on the ground;

Section 9 -Training and Competence Development examines the basic ammu-
nition management and technical competencies required for safe operation of
ammunition storage and processing facilities ;

Section 10 - Engagement with International Stakeholders looks at areas where
international stakeholders and donors can contribute to national capacity building
in conflict-affected and low-capacity environments.
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24 METHODOLOGY

This document has been developed from the work conducted by an informal group
of expert practitioners on weapons and ammunition management (WAM) during
a UNIDIR-led series of meetings between June 2017 and September 2018. The
expert meeting series was entitled ” Exploring Technical Processes to Operationalize
Essential Weapons and Ammunition Management Elements in Conflict-Affected
Settings "This document highlights critical aspects of the IATG, which are particularly
relevant for conflict-affected and low-capacity environments.® Some of the material
presented in this document is based on the practical experience of the informal
group of expert practitioners. This document is subject to updates based on revisions
of the IATG, related tools and support documents.
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3.1 THEIATG PHILOSOPHY AND GUIDING PRINCIPLES

The IATG follow the philosophy of a safe, secure, effective and efficient conventional
ammunition stockpile management system, which should be to ensure the implemen-
tation of certain minimum protection criteria for personnel and property, whilst
maintaining effective security and control of ammunition and explosives.

The IATG are shaped by four guiding principles '® and these apply equally to conflict-
affected and low-capacity environments:

e National Responsibilities and Obligations. National governments hold the
primary responsibility to develop and apply national standards to their national
stockpile. This should normally be vested in an authority, which is responsible
for the development and enforcement of national legislation and regulations
and oversees the coordination and management of the state’s ammunition
stockpile. In conflict-affected environments, where there is an absence of state
control and authority, it may be necessary for international organizations, such
as the UN, to implement ad hoc ammunition management practices normally
in accordance with the principles enshrined in the IATG.

e Explosives Safety. Explosives safety is paramount and this includes the need
to protect those most at risk from undesirable explosive events, such as local
civilian communities and explosives workers.The IATG contains risk management
guidance on how the risks of an unplanned explosion at an ammunition storage
site could be reduced, as well as measures to mitigate the hazard to those
beyond the perimeter of a storage facility. Duty of care requires the risk of any
hazard being realised shall be as low as reasonably practicable (ALARP).

e Capacity Building. Many states possess only alimited capacity to manage ammuni-
tion effectively, safely, and securely in their national stockpile. A key element of the
IATG is the requirement to build up the national capacity to develop, maintain and
apply appropriate standards in order to support well-adapted stockpile management.
In this context, capacity building is concerned with assisting states to develop
national capabilities to: reduce and dispose of excess or unnecessary stocks ; develop
safe systems of storage for existing and retained stockpiles; and to improve the
overall safety and effectiveness of ammunition stockpile management.

e Adherence with International Regulations and Guidelines.The IATG have been
developed to maintain consistency and adherence with other international norms,
conventions and agreements. ™

Each national regulatory context is unique. The IATG are not meant to be a blue print
tobe replicated in every country at the national level, regardless of the circumstances.
Rather, they provide the authoritative, tested underpinning principles and guidance
on which sound national policy, regulations and technical operating procedures
may be based.

19 |
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03 — Context I

3.2 WHAT ARE THE CHALLENGES OF APPLYING THE IATG IN
CONFLICT-AFFECTED AND LOW-CAPACITY ENVIRONMENTS ?

Ammunition management in conflict-affected and low-capacity environments may
be characterised by one, and usually more, of the following:

Regulatory Issues

e There can be a limited national legislative or regulatory framework covering the
storage, transport and processing of ammunition;;

e Proper accounting of stock may not be taking place and surplus ammunition

not defined. Surplus stock may be seen as an asset, rather than a liability, and

insufficient emphasis is placed on the disposal of surplus and unserviceable

ammunition;

There may be insufficient national guidelines and legislation governing the

transport of dangerous goods, including ammunition and explosives ;

There may be limited technical or standard operating procedures governing the

processing and storage of military munitions;;

There may be insufficiently rigorous procedures in place to assure the safety

and security of ammunition stockpiles and there may be a significant risk of illicit

diversion, fuelling national and regional instability ;

Basic procedures forammunition safety management, such as: risk assessments,

fire-fighting, emergency rescue plans, and safety drills may have not been

developed, implemented or tested.

Resources

e Resources may be constrained and there may be insufficient national funds to
cover capital and operating cost expenditure on ammunition management systems;

e Ammunition may not be systematically procured for associated weapon systems
in amounts relative to use, shelf-life, storage capacity etc. There can even be a
disconnect between ammunition stored and weapons which are in service i.e.
ammunition may be stored for which the state no longer has any compatible
weapon in service.

Technical

e The safety and security risks associated with ammunition storage, transport and
processing might be generally not well understood. Furthermore, the risks may
notbe communicated to senior managers and ministers and those in governments
who should either accept or take steps to mitigate the risk;

Hazard classification data (hazard division and compatibility group) may be missing
from the markings on ammunition packages. The ammunition may not have
been subjected to hazard classification testing and certification by a competent
national authority'?;

| 20



e The condition of ammunition stocks may be unclear, and no surveillance or
inspection regime is in place. Ammunition may be unpackaged, badly packaged,
or inadequately marked;

e There may be few, or no, technical measures implemented to reduce the hazard
to stored ammunition by lightning or static electricity.

Security

e Access to ammunition sites may not be rigorously controlled and there may be
a significant risk of both diversion of explosives, for example for use in IEDs,
and sites may be vulnerable to sabotage;

e Basic fire prevention measures may not be implemented, and insufficient vege-
tation control takes place during the most hazardous (dry) seasons. Contraband
restrictions and non-smoking policies in ammunition facilities may not be in force.

Infrastructure

e The infrastructure associated with the storage and processing of ammunition
can be rudimentary, and not fit for purpose;

e Ammunition storage facilities can be located close to inhabited civilian dwellings
and the concept of safeguarding™ cannot be understood;

e Ammunition facilities may be located close to critical national infrastructure, or
other sources of hazard such as: toxic industrial chemicals, flammable gases and
liquids; all of which would exacerbate the effects of a UEMS.

Competences

e National personnel may lack the core competences required in ammunition
management;
e Training of ammunition personnel may be rudimentary or incomplete.

3.3 LOW-CAPACITY ENVIRONMENTS

The term ‘low-capacity’ covers a category of environment where for a variety of
reasons ammunition management maturity may be at a relatively basic level. Often
the key issue is one of a lack of resources or prioritization, but other issues may
also have a significant impact.

Resources and Capital

A lack of resources and capital has a fundamental impact in determining the “art of
the possible’ in low-capacity environments. In all States there is a requirement to
balance investment in the state sector according to national priorities and needs.
In low-capacity environments there are seldom sufficient resources for states to
implement the guidelines and measures recommended in the IATG (even considering
the IATG's ascending risk reduction level process) and it is necessary for them

21 |

I
=
13
[9)
&
C
S}
O
f30)
<)



03 — Context I

to apply their limited resources where they will have greatest effect. There is a
significant role that the international community and donors can play in assisting
states develop national ammunition management capabilities and this is covered
in greater detail in Section 10.

Legislative and Regulatory Frameworks

A lack of a defined legislative and regulatory framework is a significant problem in
developing effective ammunition management practices in low-capacity environments.
Ensuring that national leaders, ministers and other senior stakeholders are aware
of the hazards posed by poorly managed ammunition is important. All too often this
knowledge is gained the hard way i.e. dealing with the aftermath of a catastrophic
UEMS.

The development of national frameworks forammunition management necessarily
requires top-level support from government ministers. In circumstances where there
is limited or no national legislation or regulation, it will also require the attention of
those involved in the drafting of primary legislation.™

Issues of Numeracy and Literacy

Developing effective ammunition management personnel competencies is difficult
whenthere is an absence of fundamental numeracy and literacy skills. Basic numeracy
is aprerequisite for sound ammunition accounting and the ability to read is critical to
understanding the markings on ammunition packages. For this reason, pictograms
forman important safety element in the marking of ammunition packages and assist
those with poor literacy skills in assessing the hazards associated with particular
ammunition natures. Similarly, the use of fire division symbols on the approaches
to explosive store-houses can assist fire fighters in evaluating the hazard posed by
a fire in a storage location.

Technical Skills and Education

The more advanced aspects of ammunition management and regulatory oversight
require a measure of engineering and technical knowledge which may not be present
in some less developed states. "™ While it is tempting for donors to try and impose
an advanced ammunition management system on recipient nations, itis important
that a broad approach is taken to the development of personnel competences.
Assistance in future manager and leader education programmes may be as important
as implementing practical ammunition management projects on the ground.

The ability to construct and maintain ammunition storage and processing facilities is
sometimes limited by lack of technical knowledge and the general civil engineering
capabilities that are present within a low-capacity environment. Often, even basic
civil engineering plant and equipment associated with simple earth moving and
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construction is not readily available. Similarly, materials such as sand, cement and
rebar may not be available in large enough quantities and/or quality to construct
heavy walled buildings or structures with reinforced concrete roofs. Infrastructure
projects which are possible to implement with simple tools and widely available
local materials are most appropriate for low-capacity environments

Military Procurement Focus on Equipment

A challenge most Armed Forces face, not just those inlow-capacity environments, is
to focus on technical equipment matters without considering the broader capability
integration issues associated with the acquisition of a particular weapon system.
All too often this overriding focus on equipment results in a neglect of running
costs, logistics, training and infrastructure considerations. Some complex weapon
systems, such as air defence missile systems and maritime guided missiles, give
rise to lifecycle management requirements e.g. storage costs and manpower for
maintenance procedures within complex ammunition processing facilities. A coherent
approach to the effective lifecycle management of ammunition is a prerequisite
for the implementation of an effective ammunition safety management system.'®

Arms exporting nations should exercise caution in transferring, either through sale
or gift, complex weapon systems that require substantial supporting infrastructure,
in particular to low-capacity environments. For some weapon systems, particularly
those containing toxic items such as liquid propellants, the financial and environmental
costs, and organizational capacity needed for subsequent disposal can be substantial.
In addition, from an importing perspective, it is essential that a thorough analysis of
through-life issues is undertaken before any complex weapon system is acquired.

34 CONFLICT-AFFECTED ENVIRONMENTS

Characteristics of Conflict-Affected Environments

Conflict-affected environments often have some or all of the characteristics of the
low-capacity environments described in the previous subsection but are further
complicated by conflict. In this context, major combat operations may have ended
but there may still be considerable security challenges posed by violent extremists
or other non-state actors. In addition, conflict may have resulted in the loss of
control of centralized state stockpiles of weapons and ammunition and these may
have been looted. Inadequate ammunition management in one state may also
have regional consequences. There are well documented examples of terrorist
organisations or armed groups transferringammunition across international borders
and over considerable distances to meet their specific operational requirements.'”
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03 — Context I

Lack of Central or Local Government Control

Acommon feature in many conflict-affected environments is a lack of authority exerted
by either central or local government. In the worst cases, on-going civil wars make
the enforcement of national laws and regulations impossible. In situations where
regional or UN peacekeeping operations are filling the governance vacuum, it is
strongly recommended that best international practices, such as those described
in the IATG, are followed for ammunition management.'®

Problems of IED Proliferation

Recent conflicts in Irag, Libya and Syrian Arab Republic have demonstrated how
alack of security and control of military ammunition stockpiles can fuel insurgencies
and campaigns of armed violence based on the use of the IED.®This was demon-
strated clearly in Irag during the period 2003 to 2011 where violent extremist groups
gained access to the former regime’s stockpile of military munitions. HE-filled
shells, warheads and aircraft bombs formed the principal constituents of IED main
charges during this period. Figure 4 shows a typical suicide-vehicle-borne improvised
explosive device (SVBIED), which was intercepted by Libyan security force personnel
and rendered safe in January 2018. It demonstrates clearly how military munitions,
in this case large calibre HE artillery shells, may be re-purposed to form effective
IED main charges.

Figure 4—1SIL/Da’esh Suicide-vehicle-borne IED, Abugrein, Libya.?”
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A well-documented lesson to be learned from Libya, Irag and Syrian Arab Republic
is that violent extremist groups are quick to exploit available sources of explosive
and the IED is now the weapon of choice for many groups. Military munitions,
such as aircraft bombs, HE shells and missile warheads, are usually included in
IEDs as the main charges and they have an impact far greater than that of most
homemade explosives. From a national security and cost-benefit perspective, it
is far more effective to deal with surplus and unserviceable munitions while they
are stored centrally and properly secured in an ammunition storage area (ASA)
awaiting destruction, than to wait for them to be dispersed and then deal with
them as individual IEDs.

3.5 OPERATIONAL CONTEXT RELEVANT TO APPLYING THE IATG IN
HIGH-RISK AND LOW-CAPACITY SETTINGS

Gaining National Ownership and Buy-In

A critical success factor inimplementing any effective ammunition safety management
system is gaining buy-in and commitment from the highest levels of government.
Itis important that senior government ministers are made aware of the safety and
security hazards posed by poorly stored or large stockpiles of unserviceable or
surplus ammunition. In circumstances where military munitions are not stored in
a manner consistent to the IATG then this resulting risk should be quantified and
accepted by the appropriate authority.?"

Applying the IATG

Governments applying the IATG will need to identify what should be done firstand how
their limited resources be employed to best effectto minimise risks to people.

The following sections in the document describe a number of discrete approaches
that could be taken either sequentially orin parallel to reduce the hazards associated
with ammunition storage and processing sites. Every situation is different, and itis
recommended that a top-level risk assessment be conducted first before decisions
are taken on how to employ scarce resources to best effect.
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03 — Context I

Understanding the Technical Terms Used within the IATG

Ammunition management is a domain replete with complex technical terms and
can be difficult to understand for those without formal training in the subject. It is
essential that those involved in ammunition management take every opportunity
to explain in simple terms why certain processes and approaches are required
for dealing with ammunition, which are different to other military commodities or
dangerous goods.The IATG contains a comprehensive guide to the technical terms
associated with ammunition safety management.??

Lack of Competences in the Planning, Management and Operation
of Safe Systems of Work in Ammunition Facilities

Alack of competences in the areas of planning, management and operation of safe
systems of work in ammunition facilities imposes severe limitations on what can
be achieved by states operating in conflict-affected and low-capacity environments.
There is an onus on the International Community and donor states to ensure
that where support is given to addressing ammunition management issues, due
cognisance is given to the development of personnel competences. This is covered
in greater detail in Section 10.
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This section provides an overview of the methods and approaches which could be
employedto reduce the risk of an accidental explosion occurring withinan ammunition
storage or processing facility. A fundamental element of any effective ammunition
safety management system is a coherent approach to the identification of hazards
and the evaluation of risk. In all environments, time spent developing or refining a
baseline risk assessmentis seldom wasted as it contributes to a broader understanding
of the specific risks associated with the operation of a particular site.

41 ASSESSING AND MANAGING RISK IN AMMUNITION STORAGE AND
PROCESSING FACILITIES

Conduct of Risk Assessments

The IATG provides substantial guidance on how risk assessments should be con-
ducted.? In its most basic form, a simple risk assessment could look at individual
processing and storage sites and make an estimate of the worst-case effects of
an accident occurring. The IATG Implementation Support Toolkit provides useful
software applications, which, with some training, may be used to predict worse case
explosion effects. Risk assessments should be conducted by personnel who are
trained and sufficiently experienced in ammunition or explosives safety management.

The ALARP (as low as reasonably practicable) conceptis widely used inammunition
management and it is an objective for states’ ammunition safety management
systems which should be sought by national authorities.?” In the early stages
of implementing ammunition safety management principles and processes, it is
recommended that those actions that have the greatestimpact on improving safety
are implemented first. Determining whether a particular process at an ASA, or
ammunition processing facility, is ALARP usually requires some technical judgment
and knowledge on the part of the person conducting the risk assessment. Such
qualitative assessments may be significantly affected by the skill and experience of
the person conducting the risk assessment hence they should be peer reviewed.

If a risk assessment is to provide meaningful and technically appropriate outputs,
it is essential that the risk analysis exercise be conducted by an entity with suffi-
cient knowledge in ammunition safety management. Risk assessments should
be conducted for individual almunition holding and processing units. A top-level
risk assessment may also identify existing system-wide vulnerabilities. These may
also identify vulnerabilities in national accounting systems or the susceptibility of
ammunition to be diverted for illicit purposes when it is being transported or used
without adequate supervision, for example during training on live firing ranges.
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Should the risk assessment at a particular site indicate that there is a high probability
of a potentially catastrophic UEMS then this must be immediately brought to the
attention of the relevant authorities. In such a situation, the following additional actions
should be initiated:

e The production of an Explosive Safety Case (ESC)?® which details the likely
consequences of a UEMS;

e The development of an action plan to mitigate the risks identified in the risk
assessment, which should also identify the outline level of resources required ;

e Acceptance by the senior responsible personnel that while the identified risks
are not ALARR they are acknowledged (in a form of a ‘Letter of Authority’ as
established in the IATG).%®

An Explosive Safety Case is an effective method for communicating the unmitigated risks
associated with the operation of an ammunition storage or processing facility.

Itis essential thatthe ESCis generated by staff who possess the appropriate technical
competences to identify potential hazards and to assess possible consequences and
effects. The principal findings and recommendations of the ESC should be clear, concise
and understood by those who are responsible for accepting the risk, normally senior
military commanders or government ministers.

In conflict-affected environments where there is an absence of arecognised central
or local government, and a regional or international peacekeeping contingent is in
place, then the risk assessment could be conducted by appropriately qualified and
experienced ammunition professionals within the deployed peacekeeping contingent
and, if possible, with the participation of the local authorities.

Use of the IATG Implementation SupportToolkit?”

The following tools of the IATG Implementation SupportToolkit are particularly useful
inassessing risk and reducing the probability of an accidental explosion at a particular
location. It is important that the limitations of each tool are understood and that
they are used by an appropriately trained person. The tools are subject to periodic
enhancementand updating.The use of these tools in conflict-affected and low-capacity
environments is strongly recommended.?®

e Explosion Consequence Analysis. The Explosion Consequence Analysis tool 2
allows a user to determine the likely blast effects of the detonation of a specific
quantity of explosives at varying distances. The tool allows an estimation of the
distances at which specific injuries will occur to exposed personnel, distances
at which glazing damage will be sustained, and the predicted level of damage to
buildings constructed from brick and masonry.3?
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e Quantity Distance Map. The Quantity-Distance MappingTool®" uses a map-based
graphical interface to display the radii within which for a given net quantity
of explosive there should be restrictions on inhabited buildings, buildings of
vulnerable construction, or public traffic routes. If buildings and public traffic routes
already exist, this tool can be used iteratively to determine the Net Explosive
Quantity (NEQ) of explosives that can be stored before an accident would
adversely impact on an existing route or building. Figure 5 shows an example of
typical results that may be obtained from using Quantity Distance tool.

Where non-explosive hazardous material is stored in proximity to explosive sites,
such as toxic industrial chemicals, then it may be necessary to employ other tools
to assess and evaluate the combined hazard. For example, WebWISER®? is an
internet-based application that is designed to assist emergency responders in
hazardous material incidents.

Figure 5— Example output from the Quantity-Distance tool.

Quantity-Distance Map

Plasse use this map 1o dispizy Quantity-Distances for explasives in Hazsrd Division 1.1. This map i for ilustiative purposes only: to calculste exact Quantity-Distances for a given Potentisl Explosion Site,
use the Explosive Limit Licence generator

Vuinerabie Buiding Distance (VBD) — Purple Line:  957m
Inhabited Buiking Distance (1BD) — Yellow Line: 478m
Public Traffic Route Distance (FTRD) — Green Line:  33m

Net Quantity of Hazard Division 1.4 Explos
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e Risk Reduction Check List. Within the IATG, the tasks and activities necessary
for safe, efficient and effective stockpile management equate to one of three risk
reduction process levels (RRPLs). These are indicated within each IATG as being
either LEVEL 1, LEVEL 2 or LEVEL 3, depending on the degree of complexity
of each task or activity. The Risk Reduction Check List*® tool provides a simple
method to determine the RRPL for a particular stockpile.
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42 AMMUNITION HANDLING AND STORAGE MANAGEMENT

Ammunition Storage Planning®¥

Ammunition storage planning is the critical activity concerned with assigning am-
munition to individual storage locations. At the strategic level, prioritization should
be given to the storage of operationally essential ammunition natures in storage
locations which provide the required levels of physical and environmental protection.

At the individual ASA level, in considering whether it is appropriate to store an
ammunition nature in a particular ESH, the following factors should be considered:

e The Net Explosive Quantity of the Explosive Storehouse and the current Net
Explosive Quantity of ammunition natures stored in that location. Will the inclusion
of additional ammunition exceed the maximum licensed Net Explosive Quantity
permitted to be stored in that location 7?39

e |s the ammunition compatible with the compatibility group of the ammunition
already stored in the Explosive Storehouse 739

e Does the ammunition nature contain materials which require segregated storage
e.g. natures containing White Phosphorus or liquid propellants ?

e Does the ammunition nature require any specific equipment for safe storage ?

e |s the ammunition nature propulsive ? If it is, can it be stored such that it is
orientated in a safe direction ?

Ammunition Storage Management®"

At its most basic level the ammunition stockpile should be segregated such that
serviceable and unserviceable munitions are not stored in the same physical ESH
location. Itis particularly important that hazardous ammunition, such as that within
inadequate or badly damaged packaging, or containing shelf life expired propel-
lants, is not stored with other serviceable ammunition. In some circumstances
the serviceability of ammunition may be a matter of perspective and technical
judgment. Safety and serviceability may require the use of ammunition surveillance
techniques. For example, the assessment of serviceability and safety of military
propellants is almost impossible without the use of diagnostic chemical analytical
techniques. Deciding whether ammunition is safe to store, move or use requires
personnel with the requisite technical competences.

There is a fundamental difference between ammunition that is safe to store and
ammunition that is safe to use. Many types of ammunition, particularly warheads,
shell fillings based on melt cast compositions of TNT, and large diameter rocket
grains may crack and degrade when subject to extreme temperatures in diurnal
cycling. While such cracking does not pose a significant hazard in storage, it may
result in catastrophic accidents if such ammunition natures are fired.
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Itis essential that serviceable and unserviceable ammunition natures be segregated.
Certain ammunition natures may deteriorate into an unsafe condition when they
have exceeded their safe shelf life and these natures should be disposed of atthe
earliestopportunity.

Ammunition Accounting

Arobustammunition accounting system is fundamental to the effective management
of ammunition. An ammunition accounting system does not have to be computer
based. Perfectly satisfactory manual accounting systems exist. In its most basic
form, arobustammunition accounting system must account forammunition by type,
quantity and location. It is impossible to conduct a meaningful risk assessment at
an ASA unless the types and quantities of ammunition stored are known.%®

When taken in conjunction with some basic technical information, such as the NEQ,
hazard division and compatibility group of the ammunition nature, it is possible to
draw some simple conclusions regarding the hazard posed by the ammunition in
a particular storage location to other potential explosion sites (PES) i.e. other sites
which may be processing and storing ammunition. It is also possible to determine
the degree of hazard posed to external entities such as: inhabited and vulnerable
buildings, public traffic routes and other locations.

While a basic assessment of risk can be conducted based on simple ammunition
stock quantities, unless the technical condition of the ammunition is known, it is not
possible to determine whether that ammunition is safe to transport and use. In
conflict-affected and low-capacity environments it is recommended that a simple
system of technical condition be employed, and that ammunition is assigned to one
of the following categories:

e Ammunition is safe to store and transport and is serviceable and fit for issue and
use in all conditions;

e Ammunition is safe to store and transport but is unserviceable or shelf life has
expired and requires disposal.

e Ammunition is unsafe and requires immediate destruction.

Fundamental elements of any effective ammunition accounting system are the need
for an accurate inventory of the stockpile and its condition (e.g. serviceable, unser-
viceable or requiring disposal) and a robust approach to auditing. No effective safety
or security related stockpile management decisions or actions can be taken if a state
does not know what ammunition it has or the condition of that ammunition. Once
the inventory is completed, then accurate accounting practices can be implemented.
Independent and comprehensive auditing then become essential backstops against
corruption and the prevention of diversion. Arigorous audit system includes a hierarchy
of internal audits, external audits and regulatory oversight. As a practical matter, it
is the independence of the auditors, a mechanism for corrective action, and recourse
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to political oversight that will ensure an effective auditing system is established
and maintained. In the end, an audit is meant for assurance, notinsurance. Auditors
only check the standards ; they do not design orimplement them. Given the human,
financial and political resource constraints on auditors, a government may need to
design a system of controls and risk management to set the proper foundation for
the auditors’ work.

4.3 AMMUNITION HANDLING, STACKING AND ESH MANAGEMENT

Ammunition Handling

Ammunition must always be handled with care. Rough handling, including dropping,
must be avoided. Even seemingly robust items, such as artillery shells, can have
the integrity of their HE fillings dangerously compromised by rough or incorrect
handling. More delicate natures, such as thin-skinned items and those containing
solid fuel rocket motors, liquid propellants, white phosphorous, or safety and arming
mechanisms, may become unserviceable or unsafe for further storage if subjected
to improper handling. The IATG provides further specific guidance on ammunition
handling.®® If mechanical handling equipment (MHE) is employed then operators will
require appropriate training in its use. The safe storage of fuel and the maintenance
of the MHE must also be considered.*?

Ammunition Stack Management

Ammunition should be separated by nature*" within the storehouse and by lot or
batch if thatis known. Palletized ammunition should not be stored against the walls
of the store nor should it be stacked higher than the recommended maximum
height. Stability of stacks is important and ammunition boxes and pallets should not
be stacked above a designated safe height as collapsing stacks pose both a hazard
to personnel and are a potential source of fire or accidental explosion. Figure 6 shows
an example of an unsafe ammunition stack ; in this example the palletized 155 mm
artillery shells are not designed to be stacked more than one pallet high.

Unpalletized ammunition should be stacked using pallets and dunnage. Stacks should
be separated by gangways to facilitate personnel access and stocktaking actions.
Gangways also permit airflow over the ammunition stack helping cool ammunition
stocks during high ambient temperature storage conditions. Gangways also facilitate
easy access to stock and facilitate accurate stocktaking and audit. It is essential
that ammunition is not stored directly on the ground and that air flows underneath
packages when possible. In hot-wet conditions, particularly in areas prone to
flooding, ammunition pallets and wooden boxes will deteriorate quickly if stored
on the ground.“? Non-palletized, boxed ammunition may be stored on loose pallets,
separate dunnage, or on racking.
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Figure 6 — Unsafe Ammunition Stacks at an Ammunition Storage Area in North Africa.*®

Maintenance of Store Cleanliness

Explosive storehouses (ESHs) should be swept clean and be free from debris. Itis
particularly important that material which could pose a fire hazard is not permitted
toaccumulate. Explosive or propellant dusts and residues pose a significant hazard
if they build up within ammunition processing areas. All areas should be swept clean
at the end of each working day and explosive waste should be disposed of in a
safe and authorised fashion. Only approved tools and equipment shall be present
or used inside ESHs.

Only ammunition natures should be stored in ESHs. Non-explosive components and
other parts of weapon systems should be stored in other suitable locations.

Storage of Propulsive Munitions

Ammunition natures containing their own means of propulsion, such as missiles and
free flight rockets, should be orientated in storage such that the projection hazard
presented in the event of an accidental initiation is reduced i.e. they should be
orientated to point away from doors and towards substantial walls or barricade or
away from populated areas (in the absence of intervening barricades).*¥

35 |

7]
c
.S
7]
]
Q.
x
!
©
=
c
[0}
o
O
Q
<
e
o
~
@
o
[0}
g
=]
(o))
=
o
=)
el
[0}
o
|
>
=
(o)
2
©
[%2)
(o))
=
>
o
=
(=8
E
<
(=]




2]
=
kel
%)
o
[}
X
L
©
=
=
[}
o
9]
O
<
e
o
av4
@
oc
©
<
=
o
=
o
>
°
@
o
|
>
2
©
2
@©
n
o
£
>
o
2
S
E
<
o

Management of Empty Ammunition Boxes*®

Empty ammunition boxes should be removed from the explosives area and stored
in a designated area. If allowed to accumulate, empty wooden ammunition boxes
pose a fire hazard. All hazard markings and labels should be removed from empty
ammunition packaging.

Specialist Equipment

If ammunition that contains white phosphorous (WP) is stored, then appropriate
specialist equipment to deal with leaks should be readily available. Similarly, am-
munition items containing liquid propellants may require specialist draining kits to
deal with leakage.*®

Movement of Non-Palletized Ammunition*”

The movement of unpalletized ammunition is a personnel-intensive activity and
requires heavy manual labour. As this activity is most often conducted by those
with limited technical ammunition knowledge it is important that it is appropriately
supervised in order to ensure that suitable care is exercised in the handling of
ammunition.

4.4 CLIMATIC PROTECTION

Ammunition deteriorates quickly if stored in open conditions without protection
from the weather.*® In wet conditions, even robust natures, such as plugged artillery
shelland aircraft bombs will corrode rapidly. Corrosion around fuze wells and driving
bands may quickly render these natures unserviceable. In high-temperature climatic
conditions, repeated diurnal temperature cycling may affect the integrity of explosive
fillings and melt cast compositions based on TNT are particularly susceptible to
damage. Condensation may also form inside ammunition packaging after hot-cold
temperature cycling and can lead to accelerated corrosion of metal items. Propellant
stability is also particularly at risk from high humidity and high temperatures, and
those risks are further discussed in sub section 4.8. The IATG recommends that
ammunition should ideally be stored at a temperature between 5°C and 25°C
with a relative humidity no greater than 75%.4® Where possible, stand-off solar
protection should be provided for shipping containers to reduce the direct effects of
solar heating. Figure 7 shows an example of environmental protection fitted above
containers used for the storage of ammunition in Central Asia. Simple measures,
such as painting storage containers white can significantly reduce the effects of
direct solar heating. Similarly, the opening of doors during the hottest parts of the
day can improve airflow and lower the maximum temperature of the stock within
the container. Field expedient methods of using water bottles to assess the risk
of condensation are also simple and effective to implement.
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Figure 7—Environmental Protection on Shipping Container Based Ammunition Storage.*”

Lightning is a particular hazard in tropical conditions where thunderstorms may be
both violent and prevalent. Lightning hazards should be mitigated through the use
of lightning protection systems (LPS) and this is considered in greater detail in
Section 4.6.5.

45 STORAGE BY HAZARD DIVISION AND COMPATIBILITY GROUP

Ammunition Storage by Hazard Division

To promote the safe transport of dangerous goods, an internationally agreed system
for classification was devised by the UN®", which is now used globally. Whilst initially
produced for the transport of dangerous goods, the principles have been applied
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by many states as the basis for a simplified consequential hazard and risk assess-
ment for the storage of ammunition.®? In most low-capacity and conflict-affected
environments itis likely that responsibility for transport will rest with a government
department other than the Ministry of Interior or the Ministry of Defence and the
facilitation of international trade, rather than hazard management, will be the most
important factor governing the development of national legislation and regulations.

Ammunition, under the generic term ‘explosives’, is one of nine internationally
recognised categories of dangerous goods as shown inTable 1.5

Table 1-International Dangerous Goods Class Definitions.

Class Description Comments

1 Explosive substances and articles Divided into 6 hazard
divisions

2 Gases Divided into 3 hazard
divisions

3 Flammable Liquids

4 Flammable Solids, Spontaneously Divided into 3 hazard

Combustible Materials, and Dangerous divisions

when Wet Materials
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5 Oxidisers and Organic Peroxides Divided into 2 hazard
divisions

6 Toxic Materials and Infectious Substances Divided into 2 hazard
divisions

7 Radioactive Materials

8 Corrosive Materials

9 Miscellaneous Dangerous Substances and

Articles

Itis an essential rule thatammunition classified in International Dangerous Goods Class 1
shall not be stored or transported with other dangerous goods in any other class.
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The hazard classification code (HCC) assigned to an ammunition item relates to its
packaged condition. Unpackaged or poorly packaged ammunition may have a different,
and more hazardous HCC, to the properly packaged item.

Ammunition Storage by Compatibility Group

The IATG provides comprehensive guidelines on the mixing rules governing the
storage of ammunition by compatibility group.5¥ In conflict-affected and low-capacity
environments it is strongly recommended that the minimum number of differing types
of ammunition nature by compatibility group are stored in the same storage location.
The following natures should always be stored in separate or segregated®® storage:

e Ammunition containing white phosphorous;

e Detonators;

e Damaged ammunition;

e Recovered or captured ammunition®®;

e Ammunition in an unknown condition;

e Bulk propellants and artillery and tank propelling charges;
e Pyrotechnics and fireworks;;

e Ammunition designated for disposal.

Ammunition containing a white phosphorous filling (compatibility group H) poses
challenges in storage as white phosphorous melts at a relatively low temperature
thus is prone to leakage.®” The IATG specifies additional measures that should
be taken regarding the storage of ammunition containing white phosphorous in
order to reduce the hazard associated with leaking ammunition.% Some complex
munitions that contain liquid propellants also have specific handling characteristics
and safety issues, which must be considered during storage and processing.

Ammunition Stock Segregation and Separation

\Where space or resources preclude or render itimpossible to apply the compatibility
group mixing rules specified in the IATG%® then the following practical measures
may be taken to mitigate risk in the immediate term with a view to applying the IATG
more comprehensively in the longer term:

e Use of Inert Barriers within ESHs. Inert barriers are an effective method of
achieving segregation of stock within an ESH. Some purpose designed barrier
systems consist of interlocking polymer box sections that can be filled with water
or sand. Such systems, being transportable, are ideal for use around ready-use
ammunition associated with aircraft. An example of a polymer-filled modular
interlocking barrier system is shown in Figure 8 and a waterfilled barrier system
in Figure 9. A similar, but less robust, effect may be achieved with inert filled
sandbags or ammunition boxes.
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Figure 8—Polymer Modular Interlocking Barrier System.5%

(7]
=
.S
(%}
°
oL
x
(NN}
©
=
c
[0}
°
O
Q
<
e
o
7
@
o
[0}
S
=]
(o))
=
O
>
el
()
o
|
>
Fn
[0)
«
©
%]
(o))
=
>
o
=2
(=8
E
<
(=]

| 40



e Use of Lower Hazard Division Ammunition within ESHs. Interposing am-
munition in hazard division 1.4 between stacks of ammunition with a higher
hazard division can also be effective. In the event of an incident in an ESH, the
separation of stacks of hazard division 1.1 ammunition with hazard division 1.4
will reduce®, but not eliminate the probability of an entire ESH contents being
subjected to prompt initiation. It should be noted though that all stock in the
affected ESH will be rendered unserviceable.

e Use of Detonator Bays. If detonators® or fuzes in compatibility group B must
be stored with their parent natures it is important that a degree of separation is
interposed between them. This may be achieved using sandbags, filled empty
ammunition boxes, or other expedient barrier systems. The objective of the
barrier should be to prevent direct line of site between any of the ammunition
containing compatibility group B natures and other ammunition stock, particular
in hazard division 1.1, contained within the ESH.

e Separation of Unserviceable Stock. Unserviceable ammunition should be
segregated from serviceable ammunition and should be disposed of at the
earliest opportunity. A common factor in many previous UEMS has been the
accumulation of excessive quantities of unserviceable ammunition. Itisimportant
that states do not regard unserviceable ammunition as an asset and that its safe
disposal is afforded a high priority. In most conflict-affected and low-capacity
environments the expeditious disposal of unserviceable munitions will have an
immediate and positive impact on safety.

4.6 FIRE PREVENTION

Fire prevention is a critical element of ammunition safety management. The IATG
provides comprehensive guidance on fire prevention measures and also those
steps that can be taken to prevent fires in vegetation and vehicles from spreading
to structures containing ammunition.® The keys to effective fire prevention are
the systematic elimination of ignition sources within the explosives storage or
processing area and preventing the uncontrolled spread of fire.

Fire Prevention - Planning and Risk Assessment

For all sites where ammunition is stored and processed, a written fire plan and set
of fire orders should be created. For major sites, contingency planning should also
include any actions required by the local authorities adjacent to the site and should
specify areas which may need to be evacuated in the event of a fire taking place.
Planning for evacuation is critically important if civilian dwellings have encroached
on the safeguarded area around the ammunition site /.e. buildings are within the
calculated inhabited buildings distance (IBD) of the site.
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All staff within the site should be trained in immediate fire-fighting measures and
suitable instructions should be displayed on signs. For ammunition natures that
present a special hazard, such as those containing white phosphorus or liquid
propellants, instructions should also be displayed in ESHs close to where these
natures are stored.

Fire Fighting Equipment

The types and quantity of fire-fighting equipment which are available within a site
should be capable of extinguishing the most likely sources of fire i.e. those originating
from vehicles or fire propagated through dry vegetation. In most conflict-affected
and low-capacity environments it is unlikely that a pressurized emergency water
supply system will be available to support fire-fighting operations throughout the
site. In these circumstances, appropriate use should be made of static water
supplies in tanks and ponds. Simple fire beaters are the most effective means of
extinguishing grass fires. Fire extinguishers are expensive to acquire and maintain
and may not be available in sufficient quantities to equip every individual ESH. In
these circumstances, provision should be made to have fire extinguishers on hand
during routine vehicle movements of ammunition. They could also be usefully
carried on immediate response vehicles.

Prohibited Articles and Enforcement of No Smoking Areas

A major aspect of fire prevention is the denial of access of ignition sources into all
areas where ammunition is stored and processed, this includes:

e Strict enforcement of contraband regulations and all smoking materials, lighters
and matches should be prohibited;

e Strict enforcement of no smoking areas and a clearly designated smoking area,
outside of the explosives area, should exist. Pictogram based signs of a type
similar to that shown at Figure 10 should be displayed prominently at all entrances
to ammunition sites;

Figure 10— Pictogram Based No Smoking Sign.
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e Prohibition of the use of non-approved tools and equipment;;

e Mobile telephones and unauthorized radio transmitters should not be permitted
within the explosives area®;

e Cooking should only take place in nominated administrative areas and not within
the explosives area;

e Only authorised and serviceable vehicles should be permitted within the explosives
area and all should be fitted with a fire extinguisher capable of extinguishing an
engine or a tyre fire.

Contraband signs should indicate that the following items, unless specifically
authorised, shall not be taken into an explosives facility :

e Matches and/or any other means of producing flame or high temperatures.
e Tobacco in any form, including snuff;

e Any articles used in connection with smoking;

e Radio transmitters or receivers, including mobile phones;
e Tools and other equipment;

e Any battery or mains operated item;

e Unauthorized explosives;

e Dangerous or flammable substances;

e Cameras;

e Firearms;

e Drugs and medicines;

Metal shod footwear.

Control of Vegetation

Vegetation control is critically important to prevent the spread of fires within ASAs.
The IATG provides basic guidance® on the control of vegetation as shown in
Figure 11.
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Figure 11—Fire Prevention —Vegetation Control in Explosive Storage Sites.
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Where resources for grass cutting and vegetation control are limited, prioritization
should be given to vegetation control during the periods of greatest fire hazard i.e.
during dry seasons. The nature of the ammunition storage infrastructure present
in the site determines the priority for vegetation control. It is recommended that
vegetation control is addressed in the following descending order of priority :

e Open storage / stacks®”;

e Any explosive storage buildings constructed from flammable materials, such
as those made of wood;

e Explosives stored within unprotected or un-barricaded shipping containers;

e Heavy walled buildings (reinforced concrete, concrete block, or brick) ;

e Earth covered buildings.

In some circumstances, trees may have been planted within the ASA in order to
afford camouflage and concealment. Careful consideration should be given to
balancing the needs of security and cover from observation, with the requirements
of fire safety. Certain types of tree may eject firebrands over large distances when
they are subject to fire and trees of this type should never be allowed to grow close
to ammunition storage and processing buildings which incorporate flammable
structural materials.

Vegetation should also be controlled adjacent to perimeter fences in order to prevent
fires started outside propagating into the ASA. Where possible, all substantial
accumulations of fuel such as trees and brushwood should be reduced within 30m
of an explosive storage or processing site. On completion of vegetation control, all
cuttings should be removed from the ASA to reduce the latent fire hazard. Removal of
vegetation adjacent to perimeter fences also aids observation thus improving security.
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Vegetation control should be carried out with appropriate and locally available equip-
ment. Hand tools and mechanical trimmers are entirely appropriate for vegetation
control close to buildings containing explosives. More sophisticated machinery,
required for extensive areas of grass cutting, may be too expensive to use in some
low-capacity environments. Livestock are an effective way of controlling the growth
of grasses and may be permitted to graze inside the safeguarded area of explosive
facilities. Rodents and other burrowing mammals must be controlled within the
explosive area as they can undermine and affect the integrity of barricades.

Lightning Protection

The distribution of lightning across the world is not evenly spread and in tropical
areas the number of lightning episodes may be many times that seen in temperate
regions. Figure 12 shows a graphical representation of global lightning activity.

Inallareas, but especially those prone to a high-level of lightning strikes, LPS should
be viewed not as an optional safety measure but a mandatory safety requirement.
Where possible, ammunition should be stored within buildings equipped with
serviceable LPS. For ammunition storage solutions based on shipping containers
or lightweight metal buildings, the metal fabric of the building should be earthed.
Where open stacks of ammunition are employed then fixed air termination type
suspended LPS should be employed. LPS are vulnerable to damage and should
be checked with appropriately calibrated equipment on a regular basis.

The installation, maintenance and periodic testing of LPS is a specialist activity
and it is essential that it is conducted by competent personnel. LPS should be
considered during the planning stages of new facilities. Where LPS are required
to be installed to protect existing facilities then suspended air termination network
systems are often the simplest to install.

Figure 12— Distribution of World Lightning Strikes.%"
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47 MANAGEMENT AND SEGREGATION OF MILITARY PROPELLANTS

Hazards Associated with Military Propellants

The accidental or premature ignition of military propellants has been the assessed
cause of some catastrophic UEMS.”? Military propellants have an undesirable char
acteristic in that they deteriorate with age, the rate of deterioration being dependent
on the prevailing ambient temperature and humidity levels.”” Ultimately, they can
ignite spontaneously with devastating consequences. Most solid propellants used
in military munitions are based on compositions which include nitrocellulose and
other materials. Nitrocellulose, an energetic material which falls within the nitrate
ester group of chemical compounds, poses some significant issues in terms of its
safety andlongevity in storage. Propellants form a key component of many military
munitions and examples are shown at Figure 13.

Figure 13— Military Propellants.”?
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The inherent instability of propellants based on nitrocellulose is well known and
has been studied extensively. The effects of weather, hot temperatures, direct solar
radiation, daily temperature changes (diurnal cycling) and high humidity may rapidly
degrade the performance and safety of explosives. Ammunition is designed for use
under stated climatic conditions, and its service life will be significantly reduced if it
is stored under climatic conditions that it was not designed for. In some cases, the
ammunition may rapidly become unserviceable and unsafe. Prolonged storage at
elevated temperatures and humidity has a definite detrimental effect on propellant
shelf life. During prolonged periods of storage, the rate of chemical deterioration of
propellantis approximately doubled for every 10°C rise in temperature above 30°C. 7%

Accidental or UEMS caused by propellant fires are far from uncommon as evidence
gathered by anumber of sources suggests.™ It has been suggested that auto-ignition
of propellant is a significant cause of explosions and is a major risk where ammunition
surveillance is limited or non-existent; however, it becomes a minor risk where
appropriate ammunition surveillance practices are applied.”

Reducing the Hazard Posed by Military Propellants

The following steps should be taken to reduce the hazard posed by ammunition
containing propellants. Ammunition containing military propellants should:

e Be stored in separate storage;

e Not be stored with ammunition classified in hazard division 1.1 i.e. ammunition
possessing a mass-explosion hazard”™;

e Have its shelf-life monitored closely through a process of in-service surveillance
and shelf life expired propellants should be disposed of as quickly as possible ;

e Be stored in storage locations with minimum vulnerability to fire (see section
on fire prevention);

e Stored so that storekeepers can gain easy access to all stock in order that they
may detect early evidence of propellant deterioration.””

Mortar primary and augmenting cartridges often contain substantial quantities of
double base propellants, which are prone to stabilizer depletion and spontaneous
ignitionand have been the suggested cause of anumber of UEMS. Itis recommended
that mortarammunition is stored in a separate ESH to other ammunition classified
in hazard division 1.1.

If appropriate temperature logging equipment is available, consideration should be
given to monitoring the temperature inside ESHs used for the storage of propellants.
The data derived from logging may be used, over time, to inform decisions on the
safe shelf life of ammunition natures.’®
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4.8 DESTRUCTION OF UNSAFE AND SURPLUS STOCK

Overview of Destruction Methods

The methodology to be adopted is governed by the quantity of ammunition that
requires disposal and the environmental conditions applicable in the country of
operation. Open burning (OB) or open detonation (OD) is often the most cost-effective
method.”® Disposal by demilitarization is usually more complex and expensive than
disposal by OB/OD and this may be a significant consideration for most low-capacity
environments.

Open Burning (OB) and Open Detonation (OD)

Disposal by OB/OD is the simplest and most effective method of achieving the safe
disposal of large quantities of stocks. OB is a technique particularly appropriate for the
disposal of bulk propellants. Figure 14 shows a number of artillery propelling charges
laid out in preparation for OD. Figure 15 shows the same charges after ignition.

Figure 14— Preparation of Propelling Charges for Open Burning.&
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Figure 15— Propelling Charges Undergoing Open Burning.8"

For OD, it is important that sufficient quantities of HE donor charges are made
available if OD is to be conducted reliably and safely. In planning the disposal of
munitions by OD, care should be taken to ensure that sufficient high NEQ munitions
are included when low NEQ munitions are selected for destruction. Reliable OD,
with correspondingly low toxic gaseous emissions, requires an appropriately sized
explosive donor charge if unexploded items ejected from demolition pits are to
be prevented.

Figure 16 shows the large-scale disposal of missiles being undertaken using OD ;
note the extensive use of high NEC anti-tank mines as donor charges and each
individual donor charge is connected to a detonating cord ring main to ensure that
all charges are detonated near simultaneously.

Destruction of Small Arms Ammunition

The disposal of small arms ammunition and other low NEQ items such as pyro-
technics can be a problem in conflict-affected and low-capacity environments.
While purpose-built incinerators are the most effective means of destroying these
items, simple field-expedient burning tanks may be fabricated from sheet metal and
employed to good effect.
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Figure 16— Large-Scale Logistic Ammunition Disposal using Open Detonation.®?

Logistic disposal of large quantities of ammunition is a complex and potentially
hazardous activity, especially when conducted in areas of high population density. It
is essential that demolitions are appropriately planned and supervised, and that due
cognisance is taken of safety at all stages in the disposal process. It is especially
important that central demolition sites (CDS) are located in safe areas and have
been subject to a safety assessment conducted by a competent person.
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The previous section focused on those activities which could be undertaken toimprove
safety at ammunition sites by preventing an accidental explosion occurring in the
first place. This section focuses on those actions which could be taken to mitigate
the effects of an accidental explosion, should it occur.

51 EXPLOSIVE LICENSING AND THE USE OF QUANTITY DISTANCES

The single mostimportant measure in mitigating the effects of an accident ora UEMS
is the appropriate use of Quantity Distances (QDs). This subject is covered in detail
in the IATG.®

It should be noted that the use of QDs does not guarantee that damage and injuries
will not occurin the event of an accident or explosion. Itis possible that injuries may
still be caused through high angle fragments being projected from an explosion
site and secondary fragments from glazing may also be a particular problem. Air
blast from large explosions may also interact in a catastrophic way with poorly
constructed dwellings and structures.

Inside Quantity Distances

The inside quantity distance (IQD) is the minimum permissible distance between a
potential explosion site (PES) and an exposed site (ES) inside the explosives area.
The intermagazine distance (IMD) refers to the minimum permissible distance
between a building or stack containing explosives and the location of other such
buildings or stacks which will prevent the immediate propagation of explosions or
fire from one to the other by missile, flame or blast.®

The mostimportant considerationin an ASA is ensuring that the quantity of explosives
storedinindividual ESHs does not exceed that permitted by the available IMD. If the

IMD is exceeded thenitis probable thatan explosion ata single ESH will lead to the prompt
propagation of explosions atadjacent ESHs, meaning the resultant consequences will be
based onthe aggregated NEQ of all affected ESHs, with potentially catastrophic results far
beyond whatwas originally envisioned.

The principal difference between achieving and not achieving compliance with IMD
is the magnitude of the event associated with an accidental explosion at a single ESH.
If IMD quantity distances are achieved, then an accidental explosion at a single
site is likely to affect only a single ESH. If IMD quantity distances are not achieved,
then it is probable that the ammunition contents at multiple sites will detonate
promptly and this may result in the propagation of a mass explosion to other adjacent
ESHs, with probable catastrophic implications. The necessity of compliance with
IQDs is shown in the scenarios described at Figure 17 and Figure 18.
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Figure 17— Inside Quantity Distance Example — Inter Magazine Distance Not Achieved.®®

Scenario 1: 80,000 kg NEC HD 1.1 ESH storage contents with an Inter Magazine Distance
(IMD) of 105 m. Actual physical separation of ESH: 70 m

Quantity Distance (IMD) Quantity Distance (IMD) Quantity Distance (IMD)
For 80,000 kg HD 1.1 For 80,000 kg HD 1.1 For 80,000 kg HD 1.1
105 m ’ 106 m e 105 m
E v
ESH 1 i ESH2 it ESH3
80,000 kg H 80,000 kg 3 80,000 kg
HD 1.1 ® HD 1.1 . HD 1.1
ESH separation distance ESH separation distance
T0m 70m

Result of an accidental explosion at any ESH

As IMD is exceeded ALL ESH contents are likely to detonate promptly

Figure 18— Inside Quantity Distance Example — Inter Magazine Distance Achieved.

Scenario 2: 20,000 kg NEC HD 1.1 ESH storage contents with an Inter Magazine Distance
(IMD) of 66 m. Actual physical separation of ESH: 70 m

Quantity Distance (IMD) Quantity Distance (IMD) Quantity Distance (IMD)
For 20,000 kg HD 1.1 For 20,000 kg HD 1.1 For 20,000 kg HD 1.1
66 m 66 m 66m

B [
a a
r r
ESH 1 1 ESH 2 T ESH 3
20,000 kg G 20,000 kg a 20,000 kg
HD 1.1 g HD 1.1 d HD 1.1
ESH separation distance ESH separation distance
T0m 70m

Result of an accidental explosion at any ESH:
As IMD is not exceeded the explosion is likely to confined to a single ESH and prompt
detonation of ammunition in adjacent ESHs is NOT expected

In evaluating QDs atammunition sites itis recommended that IQDs are considered
first and that the total NEQ of explosives stored at individual PESs is adjusted so
that a satisfactory IMD can be achieved. This approach will ensure that if an accident
or explosion does occur, it is likely to affect only a single PES. While the QD tables
in the IATG provide separation distances on stored quantities of explosive up to
250,000 kg, it is strongly recommended that in conflict-affected and low-capacity
environments ESH explosive contents are generally restricted to less than 10,000kg
NEQ.
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In most existing ammunition storage and processing facilities it will be necessary
to calculate the maximum NEQ of ammunition in a given hazard division which
may be stored based on the current ‘as built’ facility configuration. If adjacent ESHs
are of light structure and are un-barricaded then for QD purposes they must be
considered as open stacks when calculating the IMD. If space and the ground permits,
the IMD may be reduced or the NEQ of explosive stored increased, by the use of
receptorand interceptor barricades between the ES and PES.The use of barricades
is considered in greater detail later in this section.

Outside Quantity Distances

The outside quantity distance (OQD) is the minimum permissible distance between
a PES and an ES outside the explosives area. The inhabited building distance (IBD),
vulnerable building distance (VBD) and public traffic route distance (PTRD) are all
types of OQD.To minimize the risk of casualties during a potential UEMS, itis the IBD
which should be considered. QD tables in the IATG are extrapolated from empirical
data and trials and relate to buildings which may have substantially more robust
methods of construction than those which may be found in many conflict-affected
and low-capacity environments. In considering the use of OQDs in conflict-affected
and low-capacity environments it is recommended that a conservative approach
be adopted and that if buildings adjacent to ammunition storage and processing
facilities are assessed to be of poor construction then the QDs relating to the VBD
should be employed.

The maintenance of a safeguarded area around ASAs in conflict-affected and low-ca-
pacity environments may be quite difficult, especially where there is limited national
legislation or regional regulations relating to building planning and consent. Where
possible, new ASAs should be planned and sited such that the IBD for the planned
amount of explosive stored falls within the perimeter of the site thus eliminating
the potential for future encroachment on the safeguarded area. Over time, it is
possible that new public traffic routes or footpaths may be brought into use which
encroach on the safeguarded area. \Where possible, these public traffic routes
should be re-routed and those particularly hazarded by the ASA should be closed.

Reducing the Size of the Maximum Credible Event

The maximum credible event (MCE) is a measure of the size of the worst-case
explosive event which could take place at an ammunition storage site. The size of
the MCE is determined largely by the type of infrastructure in use at the site and
the effective and appropriate use of IQDs.

The size of the MCE may be reduced by the use of compartmentalization within a
given site such that the risks associated with the prompt detonation of an entire ESH
contents are reduced. This may be achieved through the use of internal barricades, or
interposing ammunition stock in HD 1.4 between and higher hazard division stacks.
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In ammunition processing facilities, care should be taken to ensure that excessive
quantities of stock do not build up and only a reasonable amount of exposed
ammunition, sufficient to facilitate efficient processing operation, is present at any
one time. Similarly, the quantity of ammunition packages which are opened within
a processing facility at any one time should also be limited.

Explosive Licensing

Comprehensive guidance is provided in the IATG on the rationale and process for
development of explosive limitlicences (ELL).8The analysis of an ammunition and
explosive processing area provides the firm baseline on which explosive risks can
be demonstrated to be ALARPR The use of QD tables and ELLs has the following
prerequisites:

¢ |t should be conducted by competent and experienced staff who are capable of
assessing ASA infrastructure, applying QD tables and producing ELLs;

e |t requires that the ammunition stock has either been hazard classified by
a competent authority or has been assigned an interim hazard division and
compatibility group;

e Technical information relating to the NEQ of ammunition is known, or can be
acquired from a reliable source;

e The personnel charged with the operation of the site are capable of reading and
understanding ELLs, applying aggregation rules, and calculating the total NEQ
of ammunition stored in a particular ESH.

As an early step in implementing an ammunition safety system based on ELLs it is
recommended that rather than solely specifying the total NEQ of explosive which
may be stored, it is also specified in terms of a specific quantity of ammunition
natures. For example, in a given ESH the maximum quantity of HD 1.1 ammunition
to be stored may be expressed as:

e 10,000 kg NEQ hazard division 1.1 ; or
e 1,460 Shell 155mm M107 HE (73 pallets).

5.2 SAFEGUARDING EXPLOSIVES STORAGE AREAS

Safeguarding is the means by which hazards caused by the location and operation of
ammunition storage and processing facilities in proximity to the civilian population
are reduced to an acceptable level. In order to minimise these hazards should an
explosion occur, QDs from inhabited buildings, roads, railways and other places
frequented by people are used. Given that the safe distances defined by QDs often
extend beyond the physical perimeter of an explosive storage or processing facility.
Safeguarding is the process by which encroachmentinto these areas is prevented.®”
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A common feature in many previous catastrophic UEMS has