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1. Introduction

1. Following the last sesson of the Group of Governmenta Experts in July, we undertook to
examine the UK'’s practices in the fidd of munitions management in order to edablish
whether good munition management could bring about a reduction in the ingances of
unexploded ordnance (UXO).

2. Munitions management is a process that encompasses dl the procedures to which a
munition is subjected throughout its time in savice  These indude dsorage, handling,
inspection, testing, and monitoring procedures. The shdf-life of a paticular munition is the
period within which the munition can continue to be safdy and rdiably used. Monitoring and
tesing of the munition throughout its time in service can lead to this time being reduced or
extended. Poor munitions management can be coglly, detrimentd to operationd effectiveness
and, in the worst cases, can lead to unnecessary injury or loss of life.

3. The UK follows dringent guiddines in munition management, primaily to ensure the
safety of personnd, munition storage sStes and the surrounding area. Munitions management
procedures dso hdp to mantan the rdiability of our munitions, therefore reducing the
likdihood of munitions not exploding on impact. The purpose of this paper is to facilitate
condderation of preventive measures, specificdly munitions management, by highlighting
some of the factors that can have a negative impact on the rdiability, and safety, of munitions,
and by outlining some of the principles underlying the techniques that the UK employs to
combat these factors.

2. Factorsthat Impact on Munition Rdiability
Environmental Factors

4. The ey, rdiability and ultimae shdf-life of a munition is afected by a number of
factors. One of the most important is the effects of the environment to which a munition is
exposed during its life, be it in storage, during trangportation or in use. It is widely accepted
that munitions degradation, which invariably adversdy impacts on safety and rdiability, can
be driven by extreme climatic conditions. As such, it is important to establish proactive
munitions management regimes from the outset in order to ensure that munitions remain both
safe and religble whilein service.
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5. The environmentd factors which cause deterioration or damage, to which munitions can be
exposed as a result of bad handling or Storage practices, are:

Hest

Extreme cold

Sudden fluctuations between warm and cold climates, such as experienced in
desert conditions

Humidity or exposure to water

Prolonged exposure to direct sunlight

6. It is difficult to specify, in a geneic way, whether explosve charges and/or fuzing
mechanisms of munitions will be degraded by such factors. Such degradation could make
munitions less likely to explode on impact, and therefore add to the problem of UXO, and/or
could cause munitions to become more ungtable, and therefore create an increased hazard for
the personnd involved in doring, trangporting and handling the munitions. Neverthdess it is
clear that such degradation leads to an increased frequency of munitions not functioning as
designed, one of the consequences of which can be that some munitions will not explode on
impact. Furthermore, ungtable munitions can in themsdlves be a factor in cregsting UXO, as
an unwanted exploson in a dorage Ste can cause munitions to be propelled over Sgnificant
distances, some of which will not explode on impact.

7. Larger munitions degraded by the environmental factors listed above can adso become
UXO as ther fuzing mechanisms are often designed to sense environmentd criteria such as
the gpplication of power, acceleraion, time, rotation, remova of safety devices, impact, the
target and so on. The intention is that the fuze will only function if dl the gppropriaie
conditions are met, otherwise it will actively prevent functioning. This is done in a number of
ways, but normdly involves a shutter mechaniam in the explogve tran to prevent initiation of
the primary charge. Hence any fault in the sysem, for example lack of acceeration due to
degradation of the propelant charge, will result in the fuze becoming inert. In other words,
the munition will be unlikely to explode on impact. Although the fuze has become inet, the
unexploded munition 4ill contains large quantities of explodve charge in a potentidly
dangerous state. In any case, dl unexploded ordnance, whether reatively stable or ungtable,
must be treated as dangerous for clearance purposes, therefore adding to the UXO problem.

Other Factors

8. Two dgnificant factors tha can have a negative impact on the rdiability of munitions,
adde from environmenta factors are:

Vibration
Cardess or rough handling

9. Vibration induced fatigue can produce falures in the integrity of munitions chemicd and
norn-chemica components.  One result of this can be a falure of the fuzing mechaniam to
detonate the munition. Vibration can aso result in sudden failures such as the cracking of a
warhead high explosive payload.

10. Cardess or rough handling can affect the interna mechaniams of components, which
cannot be detected. Such damage may render the munition unserviceable or unsafe to use.
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3. Protection from Factorsthat Impact on Munition Reliability
Protection from Moisture

11. Rain, snow and damp cause great and often irremediable damage to munitions in a very
short time. The effects of moisture on various types of munitions and associated materids are
asfollows

Unboxed munition. The most harmful effect is corroson. In the later stages,
pitting of the munition may occur to such an extent asto make it unservicesble.

Seel containers and their contents Exposure to moisture will initidly cause sted
containers to lose their basic colour and markings However, eventudly they will
become perforated, with rapid deterioration of the munition contents following.

Explosive compositions. Some substances used in explosive compostions attract
and hold moisiure, leading to a reduction or even tota loss of the explosve
properties. They can dso become unservicesble and sometimes dangerous after
short periods in damp conditions.

Non-explosive materials. It is important not to store fabrics, felt and paper
materids in contaings housng munitions as these materids, by absorbing
moisture, create conditions favourable to corroson and decay in other materids in
the same container.

12. The sample solution to the effects of moisture is to ensure tha munition storage Stes are
well designed, built and maintained to protect against the access of moisture. Provided this is
the case, good ventilaion of the munitions will not only keep them cool, but will prevent
condensation in and around munition containers and the munitions therein.

Temperature Considerations

13. Extremes of temperature may affect the performance of solid propdlants, such as rocket
motors.  In munitions with fuzes that are desgned to fal-to-safe, this could lead to the
munition not exploding on impact.  Extremes of temperature can adso cause rapid
deterioration in explosves, whether the explosves are the fillings of rounds and components
or are hed in bulk. Specificdly, extreme temperaures may cause fillings to mdt and didtil
out chemicd condituents. Very low temperatures are not so objectionable, dthough fracture
can occur, paticulaly when temperature fluctuates between extreme cold and warmth.
Furthermore, explosves containing Nitroglycerine can become dangerous a very low
temperatures.

14. The temperature of Storage aess can be controlled through wel made buildings and
cooling equipment.  However, this is much more difficult to achieve on operaiond
deployment. During short-term operations, munitions are often stored in makeshift storage
areas, with some protection from direct sunlight. During longer deployments, munitions are
dored in meta containers, which will be ventilated regularly, both to keep the munitions cool
and to protect them from humidity.

Avoidance of CarelessHandling and Vibration Induced Fatigue
15. Munition containers are ecificdly dedgned to protect munitions during storage and

transportation. Damage to a contaner through cardess handling may directly affect the
contents. It may dso reduce the effectiveness of the protection provided to the contents,
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which could consequently deteriorate. Adde from teking care when handling munition
containers, it is adso important to keep the quantity of opened munition containers to the
practicable minimum a dl times as opening the contaners immediately lowers the levd of
protection that munitions receive.

16. Avoiding cardess handling is achieved by encouraging high leves of discipline and
training among those personnd involved in handling munitions.

17. Vibration induced fatigue is a paticular problem for munitions that will be exposed to
high levels of vibration. For example, munitions on the wing of an arcraft or in a tracked
vehicle. Little can be done to diminate this problem, except improving the vehicles in which
such munitions are carried.

4, L ogging and Monitoring Munitions

18. Although the negetive effects of environmenta and other factors on munitions can be
controlled, to some extent, through good storage and handling procedures, their effects can
not be avoided dtogether. This is paticularly true in the operationd environment. For this
reason, the most important agpect of munitions management is the logging and monitoring of
munitions.  If this is implemented in a rigorous fashion, it is the process mogt likely to yied
improved rdiability and safety of munitions, and as such is likey to reduce the indances of
munitions not exploding on impeact.

19. In the UK, we employ various software packages that log and track al our munitions.
However, the principles underlying this process can be implemented without the expense of
acquiring and maintaining the necessary hardware and software.

20. Mantaning the identity of munition is extremdy important.  All British munition
packaging is marked with a manufacturers Batch Key Identity (BKI), which gives the date of
manufacture and in which batch the munition was produced. If the munition is subsequently
found to be faulty, it can eadly be withdrawn, and therefore not fired. If a munition loses its
identity, through, for example, distortion of the BKI mak due to corrodon, it is withdravn
because its reliability can not be guaranteed.

21. Monitoring and testing are an important part of the management process. As dl batches
of munitions or each individud munition in the case of larger munitions ae uniquey
identifiable, a record can be made of exactly where they have been, how they have been
handled and the environmenta factors to which they have been exposed.  Munition
management specidists are then able to decide whether shdf-life should remain unchanged,
be reduced or whether the munition should be withdrawn from service. Tedting of individud
or baches of munitions is adso undertaken regulaly, and dl munitions returning from
operations are thoroughly ingpected before being put back into sorage. When a munition has
resched the end of its shdf-life, or when it is found to be unrdiable it is withdrawvn from
service and destroyed.

22. Traning regimes aso contribute to the testing process and help to identify rdiability
trends. This is paticularly relevant with respect to Guided Missles (GM). Every GM tha is
fired in traning is obsarved by traned munitions technicians. The missleés sarid number is
recorded and its performance is noted.
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5. What arethe Benefitsfrom Improved Munitions Management?

23. The benefits from improved munitions management are very clear.  Good munitions
management will reduce or, if implemented thoroughly, amost completdly avoid the risk of
catastrophic accidents a dorage dtes.  Accidents such as these obvioudy damage military
effectiveness through loss of munition stockpiles, but much more serioudy create a UXO
hazard and can dso result in loss of life.

24. Good munitions management can lead to improved military effectiveness  Fird, the
discipline required for good munitions management can lead to more effective Armed Forces.
Second, if the reigbility of munitions is mantained through better munitions management,
users of those munitions will need to use fewer of them to achieve the same results.

25. Findly, with specific reference to UXO, the dowing down of the degradation process that
can occur as a result of good storage and handling practices will mean that fewer munitions
will fal to function as desgned. More importantly, by implementing a thorough logging and
monitoring process, users can ensure that munitions that have degraded to a point where they
are unlikely to function as desgned will not be in service.

6. Conclusion
26. The main dements of good practice in munitions management are:

Undergtlanding the factors that can degrade munitions

Protecting against those factors

Tegting and evauating munitions

Logging and tracking munitions

Acting appropriatdy on information gained from testing, evduaing, logging and
tracking

27. The main benefits of adopting good practice in munitions management are;

Improved safety

Improved rdiability

Increesed military  effectiveness and fewer indances of UXO as a result of
improved religbility



