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ABSTRACT

IMEMG is the European Organisation assembling legdirmament groups working with IM technologies. It
aims at expressing the viewpoint of the armameshiistry with regards to relevant transnational ratjoihs and
requirements. This paper is the result of commorkwarried out by the Hazard Assessment & Clastifio
EWG and the Cost & Benefit Analysis EWG. IM brirgfesty for soldiers and survivability for combat gitems
enhancing battle winning capability and reducingsamuences of peacetime accidental events. Logistiefits
due to the introduction of IM for armed forces ¢mntaken through SSD1.2.3 safety distances. Howéhieris
limited to military storage. How could this beingtended? Civilian regulations overview is presentéth
examples of how they are applied in various Eurnpsauntries. Up to now, no practical correlatiomldobe
made between UN HD and IM standard. Consequemttiayts' qualified IM in the inventory are still lthad
and stored by non-military as ordinary ordnancehwib real benefit for logistics. In an attempt tdve this
issue, a proposition for harmonisation of HD1.Gesia with STANAG 4439 requirements was prepared by
national experts. Then, HD 1.6 criteria amendmex#t heen approved by UN Committee of Experts on 10
December 2010 and it has been published on 8 M2ith. The EIDS (become EIS) requirement is limited
the main charge. This is a significant step forwatdvertheless, some unrealistic criteria are raaiet and
even new ones introduced! Therefore, HD1.6 wouitdaie an unattainable standard for a long time odsgvar
However, even with existing regulation, explosiveanufacturing industry can benefit from the usesafier
explosive compositions in every day operations.ugdn of regulation constraints can be achieveduh the
reduction/elimination of accidental detonation siskhus the accidental effects are limited to trarffux.
Finally, interests for the development of specigulations for IM are underlined by some Cost Biéne
Analysis (CBA) all along life cyclérom cradle-to-grave. Tools dedicated to this aspect may help to gfyanti
some cost evolutions provided by IM, step-by-sttpenhance safety of peacetime phases (productorage,
transport ...) as well as during military logisticpenations. A better acknowledgment of these imprmms
into future regulations will be profitable to all.
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1 INTRODUCTION

IMEMG is the European Organisation assembling legdirmament groups working with Insensitive Mumiso
(IM) technologies. It represents a total of 17 camips from France, United Kingdom, Germany, Itahg a
Norway. It has been established for six years amdhle traced back to the foundation of "Club MURAI™
1991. It aims to express the viewpoint of the arm@mndustry with regards to transnational regafaiand
requirements in the field of munitions safety. dtdcting as a focal point of contact for membeeshelstic
authorities, EDA and MSIAC. It has established salv&xpert Working Groups (EWGS) in order to explor
technical topics. This paper is a result of comnaoralysis work prepared by the Hazard Assessment &
Classification EWG and the Cost & Benefit Analy&M/G.

Insensitive Munitions bring increased safety fddsys and survivability for combat platforms, enhing battle
winning capability and reducing consequences ofcgiae accidental events. Logistic benefits dudMo
introduction in forces can be taken into accountrégiucing safety distances for SSD 1.2.3 (Sub-§tora
Division), as has been illustrated by the IMEMGéper [1]. Unfortunately, the SSD 1.2.3 is limitednilitary
storage. Nevertheless, opportunities appear in sooumtries to take into account the risk reductfon
industrial and civilian logistic phases. This pap&o gives examples from various European countfethe
benefits that may be gained from the applicationiwfian regulations to explosive storage.

The UN Orange Book (Recommendations for Transportaif Dangerous Goods [13]) is used as the basis f
the Global Harmonised System (GHS) implementatiéor. explosive goods, tests and criteria have been
duplicated from the Orange Book and it is promwddain Europe through the Regulation on Classificati
Labelling and Packaging (CLP) [2].

At present, IM products do not exist accordingremsportation rules because the HD 1.6 (Hazardsoin)
criteria do not take into consideration the perfance of current state-of-the-art of IM technoloidy.products,
which pass the STANAG 4439 criteria and which briogisiderable advantages in safety, cannot medithe
1.6 criteria because not all the energetic matendthin an IM product can be classified as "Extegm
Insensitive Detonable Substance (EIDS)".

Propositions for harmonisation of HD 1.6 criteridhwSTANAG 4439 requirements have been prepared by
national experts led by the British. Then, HD lisecia amendment has been approved by UN Comnitee
Experts on 10 December 2010 and it has been issu@March 2011 [14]. This amendment would sohe th
current, unrealistic EIDS requirement by limitifrgetrequirement to meet the EIDS criteria to thennchiarge of

the IM product. Nevertheless, at the same time somealistic criteria have been introduced and dhe®
surprising stricter than for SSD 1.2.3.

For industry in some countries, possibilities / agpnities exist to achieve IM benefits resultimgrii the
reduction of regulatory constraints due to the cfida / elimination of accidental detonation riskbe
accidental effects being limited to lower orderring reactions. These examples shall be dissendimaterder
to share best practice.

Finally, benefits that may be achieved by the dgwelent of specific regulations for IM may be iliaed by
the use of Cost Benefits Analysis (CBA) appliedbtighout the life cyclérom cradle to grave (i.e. across the
complete Manufacture to Target / Disposal SequéM¥DS)). Tools dedicated to this aspect may be used
assist in quantifying the cost savings providediMyat various stages of the MTDS. IM provides erdeh
safety during peacetime phases of the MTDS (praolucstorage, transport etc.) as well as duringtamyl
logistics operations. A better understanding okéhenprovements when preparing future regulatioitisbe
profitable to all. To provide this greater levelufderstanding is the main objective of this paper.
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2 INSENSITIVE MUNITIONS SAFETY REGULATIONS

Logistic benefits due to the introduction of IM duxts into service can be achieved by reducingtysafe
distances for NATO's SSD 1.2.3, as has been iltexirby the IMEMG's paper [1]. This sub-storagesitin is
dedicated to Insensitive Munitions which are ndiyfaompliant with UN HD 1.6.

Thus, these munitions are assigned to HD 1.2 despit being capable of reacting violently (i.e.ometting)
when exposed to the defined stimuli. Rather thaordding, IM products exhibit a burning reactiowigg a
Type V response to Liquid Fuel / External Fire,v8ldeating and Bullet Impact trials and a Typeré§ponse
for Sympathetic Reaction.

The SSD 1.2.3 is limited to military storage orllyis not useable for transportation or by indusirjus, for
example, this sub-storage division is implementedtbe United Kingdom through the document: ESTC
Standard No. 15 [3].

In France, The HD 1.2 Unit Risk is used [4]. Thisans that only one item is able to detonate actitlgnSo,
munitions relevant to this HD 1.2 U.R. are the IMMURAT . Such munitions have the following IM
signature (or better), Type IV reaction for Liqutdiel / External Fire, and Type Il for Slow Heatjrigullet
Impact, and Sympathetic Reaction.

Quantity / Distances arcs for HD 1.2.3 or HD 1.RUare significantly reduced in comparison with B2 and
HD 1.2. Such reductions bring some benefits focdsr such as:

- Additional quantity of IM stored within the samdetg distances
- Reduced storage areas and/or fewer storage magdairtbe same quantity of munitions
- Reduced number of security personnel to guardahe gjuantity of munitions.

Other opportunities appear in separate countriesake into account the reduced risk of IM produatsl
materials during industrial phases. These oppditsnare provided by domestic regulations for IndakRisk
Management.

For example, in France according to a Quantitaflisk Assessment (QRA) method, Plastic Bonded Eiy#os
(PBX) manufacturing can be operated within the taitgts of HD 1.3. Indeed, accidental risks areitth to
lower order burning reactions. Neither mass explosior violent explosions are considered as credilents in
an accident scenario. This has been demonstraimagth extensive characterisations of PBX compasitiand
also through the application of appropriate costthroughout the casting and curing processes.

Due to similar considerations in regards to indas®QRA, French regulations recognise than PBXs loan
assigned to HD 1.3 if they pass the Friability T@staddition to meeting the requirements of corioeral test
requirements such as Gap Test, Burning Velocity &&s) [5].

Unfortunately, such opportunities do not existtfansportation because the relevant rules areateby the UN
Orange Book [15]. The previous requirements for H®were over prescriptive in that munitions tretmot be
detonated in any credible storage and transponasiceare being excluded from HD 1.6. These mundtiare
being excluded from HD 1.6 because they contaidosiyes that are not classed as an Extremely litsens
Detonating Substance (EIDS). Explosives are bemgjedi EIDS status on the basis of an arbitrary tgap
threshold, despite all other evidence indicatirat they have very good hazard properties. Thegs,dtimment
has become partially obsolete since amendmentqatioh on 10 March 2011 [14].
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3 HAZARDS CLASSIFICATION DEVELOPMENTS

The UN Orange Book (Recommendations for Transportaif Dangerous Goods) is used as the basis &r th
Global Harmonised System (GHS) implementation. é&sglosive goods, tests and criteria have been chiplil
from the UN Orange Book and, it is promulgated urdpe through the Regulation on Classification, elktg
and Packaging (CLP) which will come into force omcBmber, %, 2010 [2].

Development of these regulations is important beedOLP gives the legal definition of hazard for Wiole
life cycle of substances. This means that CLP Hbgdassification will be applicable for manufachgiand
storage. Therefore, it is not clear how the us8®D 1.2.3 or HD 1.2 U.R. will continue as these-divisions
are not defined in Orange Book. Thus, for IM, oHIp 1.6 is available to recognise safety benefitaught by
the use of low vulnerability explosives.

Thus, these developments reinforce the need fatipehHD 1.6 criteria to be defined. As descrilpedviously,
IM products, which meet the STANAG 4439 criterialamhich bring considerable advantages in safetynoa
pass the HD 1.6 criteria because not all the etiergeterials within current IM products can bessified as
"Extremely Insensitive Detonable Substance (EID$jbrtunately, to solve this issue, a propositiom fo
harmonisation of HD 1.6 criteria with STANAG 4438guirements was prepared by national experts |etidy
British and related amendment is now published.

4 HD 1.6 CRITERIA DEVELOPMENTS

HD 1.6 criteria amendment would solve the curramealistic, EIDS requirement for whole embedded
explosive substances. The EIDS are renamed ElSefgty Insensitive Substance) to take into accguntand
rockets propellants which are not dedicated to rdgt Indeed, the EIS requirement is limited to riiesin
charge of the IM article. The booster compositibage to meet a reduced set of criteria which grartiof the
EIS criteria. This is justified because the masthefbooster is small compared to the mass of tie oharge,
and the booster, located close to the core of mlaémge, has a degree of protection from exteriralutit The
fuse compositions have to be placed behind twadrsarto provide a greater level of insensitiveness.

Nevertheless, at the same time some unrealistterieriare maintained (or introduced). These poarts
discussed below.

The Fragment Impact Test with an 18.6g fragmentamdmpact velocity of 2530 m/s velocity is intradd.
This test seems totally unjustified for the UN Beahd Criteria of Transport of Dangerous Goodss T$inot
representative of any credible threat presentethglwivilian transport or even for most of logistidefence.
Indeed, this high fragment velocity can only beieehd by air to air warheads (but with much ligHtagments
of 3 or 4 g) or through Explosively Formed ProjlecEFP) charges. In addition, the maximum demeaitesti
response to pass this test must be a Type V respuiith response descriptors coming from the AORG3.
The national experts consider that a Type V respdmsthe Fragment Impact Test is the counterbaldaadhe
EIDS waiver for booster / fuse compositions. Inifidd, the fragment impact threat is not required MATO's
SSD 1.2.3, and then it would be coherent to dostivee for UN HD 1.6. It is surprising that HD 1.6stsicter
than SSD 1.2.3 while safety objectives seem togoévalent.

The "accidental scenario" connected with this Fraignimpact test appears highly unrealistic. If dation of a
munition is able to generate 18.6g fragments tliangeht 2530 m/s, then a damage, both in termsaetialties
and damage to structures, equipment etc, will bisex in the surrounding area due to the effectheofionor
charge itself. Bursts of high energy will be progetin all cases beyond 15 meters by the donogehdihus, it
is unimportant that the acceptor munitions respdeseither Type V or IV or Ill.
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The Type V response requirement for Fragments Iiipast in order to satisfy the criteria of UN HD1s6very
high. Apart for some simple types of ammunitiotés tesponse will be very hard to attain for mosehsitive
Munitions. This event scenario can be compared sjthpathetic detonation, but for this trial the ahatory
response is only Type lll.

For the Bullet Impact Test, a similar concern appetn the approved UN Manual of Tests and Critegia
maximum Type IV reaction is mandatory. In the cotrproposal, this criterion moves to Type V. Thiems
unnecessarily severe in regard to Type V definjtiespecially for large munitions. Neverthelessisitnot
unreasonable to specify the same reaction typd ABISG 4439.

Concerning the Type V response descriptors, problesve been identified with the new AOP 39 ed3. ma&
problem comes from the specified maximum projecéinargy which is limited to 20 joules. This enekgyel is
very low and it has been demonstrated that a baret| filled with water subjected to fuel fire tesuld exhibit
a response consistent with a hazard classificatidtD 1.2 (or Type IV reaction according to AOP3BY the
same reasoning, this configuration would also kssified as HD 1.2 according to UN Orange BooksThdue
to the 2.5 kg cover plate of the steel barrel bgirapelled 22 meters.

In conclusion, the HD 1.6 criteria amendment isyviateresting because it presents real improveménts at

the same time, it would be necessary to adjustFiiagment Impact Test conditions to 1830 m/s and the
maximum allowable reaction to a Type lll or IV fourrent IM products to meet the criteria. It seesso
possible to harmonise criteria with SSD 1.2.3.

5 EXAMPLES OF REGULATORY CONSTRAINTS REDUCTION

For industry in some countries, possibilities / oppnities exist to achieve IM's benefits resultingm the
reduction of regulatory constraints due to the cfidan / elimination of accidental detonation riskbe
accidental effects being limited to lower orderrbng reactions. These examples shall be dissendimaterder
to share best practice.

5.1 EURENCO'S SORGUES PLANT

The Sorgues plant has produced military explosioe85 years. The site is very densely populatetl wilarge
number of workshops. This resulted in the need amtain minimum Quantity / Distances arcs preventime
construction of new buildings / workshops (illuséchin figure 2).

A QRA was conducted for a new workshop dedicatelBX casting and curing for artillery shells. Itshiaeen
shown that the accidental risks in case of firelianéed to low order burning responses. This isagneptable
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approach given the insensitiveness of PBX materimgg processed, the process control guaranteeing
conformity of the explosive mix and the continuopocess employed using the Eurenco bi-component
technique

Thus, this activity has been classified as a HD fy®technic operation. This classification haswaéd the
workshop to be constructed whilst maintaining tbguired quantity distance arcs. In addition it hekieved
significant savings in the capital expenditure isggifor the construction of the new installatidiis illustrates
the potential cost savings that can be achieved li#ensitive Munitions manufacturing. The new aflation
has been producing insensitive shells (for moesiljery, and tank) for four years.

NEQ 3000 kg %% j;/ “ it NEQ 300 kg %_: /w %
) T Pt T [ e/l [ OTTNO ! T e L mey]|
= 1 e e N e A B | ==t L N O = e e e A

FIGURE 2: Example Regulatory Constraints Reductiondor EURENCO's Sorgues Plant
"For 10 times less of Net Quantity Explosives, Qudity-Distances are 6 times larger for detonation 1$k"

5.2 NEXTER'S LA CHAPELLE PLANT

One of the flagships products manufactured by Nebignitions is 155 mm IM artillery shell named LUR1
The LU211 is an explosive artillery shell interoglele with weapons of NATO-standard 39 caliber a@d 5
caliber according to the requirements of the ingerability agreement JBMoU (Joint Ballistics Memuatam of
Understanding). This shell IM is loaded with XFsensitive melt cast explosive. Even in caseggfr@ssion,
the excellent behavior of the XEEomposition allows the classification of the LU2M.in Hazard Division 1.2
Unitary Risk and MURATx. In the case of a positive improvement of the k&tipn (see chapter 4), this shell
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could be a serious candidate for HD 1.6 classificatThe same type of shell is also loaded in aigarwith the
conventional comp. B explosive: a TNT/RDX mixtu@onventional shells are classified in Hazard Dovisl. 1.
These both types of artillery shells generallydallthe same industrial process and are manufaciaréue

same workshops. However, the use of insensitivdosix@ compositions allows substantial improvements
which are:

« Blast hazard areas reduction. Only one shell isrtdkto account for blast and fragment hazardss Thi
advantage is due to the fact that no sympathedicticn can occur with HD 1.2 Unitary Risk shells

* Increased capacity of existing storages, at eagh ot manufacturing. In most cases, when existing
hardened building are used, the maximal numbethefl shat can be contained in the building is no
more given by the NEQ. The number of shell is dinbjted by the available space inside the building.

* Reduction in the volume of internal transports. Shert term buffer storages have very limited ginant
for HD 1.1 articles. So, many transports are neggsketween short and long term storages. These
transports induce some costs and pollution, whasee avoided for insensitive shells

* Gains in process flexibility. Some operations onwamtional shells have to be necessary realizeld wit
remote control due to the detonation hazard. Witiemsitive shells, the same operation can be birect

done, without remote control. It procures gaindléxibility, particularly with regard to treatmemtf
eventual non conformities or breakdowns.

The figure 3 below shows the main workflow of 155namtillery shells Nexter's production plant of La
Chapelle. It summarizes the gains made by insgasiiunitions regarding to conventional munitions.

. \V4 Melting & casting:
4 < Opportunity for IM: use of premix
7 72 => H.D. 1.3 instead of H.D. 1.1
: Va integration
All internal transports:
Conv.: 0,8 t
IM: No mass limitation
(unitary risk)

&> /@%':::;:e \/

ng e
Buffer storage:
Conv.: 1t
IM: 15 t

C X- Réy Control:
| Conv.: 0,45 t
iM:1,2 t

“
4 aire c
30P%)
©

Np an';i‘\ o
Main storage: SQ_%V?\
Conv.: 90 t
IM: 300 t

zoné.de stockage actif !

Fmal assembly & packlng
Conv.: remote handling mandatory
(HD 1.1)

IM: direct handlmg possmle (HD 1. 3)

s atener ae aegorgement

[ p7

FIGURE 3: Example of industrial fluxes in Nexter'splant, the maximum acceptable weight of explosivesiindicated for each
workshop with comparison between conventional andM shells.
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In conclusion, main industrial workflows are sinfigld. This allows more flexibility in production én
participates in costs reduction.

Another new opportunity is emerging for XRhe use of premix composition in the filling wsHop. It allows
eliminating the conventional explosives in theirij phase. This would allow the classification bé ffilling

workshop in H.D. 1.3 instead of H.D. 1.1. The intdrcapacity of the workshop could be increasedaarttie
architecture of the workshop could be seriouslitiged.

6 COST AND BENEFIT ANALYSIS: WHAT FOR?

Industry and users need to improve their analysefVf implementation. Cost and Benefit Analysis @®Bs a
major aspect to be considered by the community (MoD, Operational Forces and Services, Industrife T
workshop organised by NIMIC/MSIAC in Rimforsa (2Q0dn this topic and the related documents [6][7][8]
recall the importance of increasing understanding awareness of IM. Indeed, the IM Day 2009 event
sponsored by IMEMG in Brussels underlined that livbiementation is unavoidable today and does nat teee
be demonstrated. Nevertheless, as military budgatsto decrease, it becomes vital to be ablestifjuithe cost
and the content of any new project. The methodotigfined and provided by CBA contributes to cordadling

the project by itself and positioning it regarditiie competition. Any stakeholder in the defence kaiars
interested in monitoring the CBA rules and the ugputs that can be expected.

UK was the first European country to take stepsatolw developing an IM Insertion Plan (IMIP). This
IMIS/IMIP approach considers all the munitions endce but operational cost aspects of IM are akén into
account. The use of CBA could potentially help g§sessing the potential benefits associated witlarergd
platform survivability, a reduction in the collasdérdamage / number of platforms rendered un-seabiee
following an accidental event and a greater suitgbfior service resulting from the introduction t¥. Other
countries, like France, have shown an interest8A @ order to provide additional evidence to suppbe case
for developing IM products. A holistic approachdisveloping and the intention is to determine thesllyhature
for all munitions in service in the French Forcés,order to analyse the economic impact of their IM
performance. On this subject, French DGA has lagdch major study (MURAT ETO) for Land Defence
munitions [9]. Some of the findings are as follows:

- Introduction of IM products has a significant irdhce in the costs’ splitting,
- The CBA could help to establish the elements toubed to reduce the cost associated with the
introduction of MURAT/IM (or in other words whate@athe important sources of costs).

To continue in Europe, munitions safety concept thgbolicy are taken into account at the differéaels of
the German defence organisation [10]. The neecttfopnm risk analysis for the munition life cycle, $pecify
IM signature and to define safety principles, rdes regulations for munitions in service, inclglliv aspects,
is recognised.

7 TOOLS AND CBA: WHERE ARE WE?

It is well recognised that IM introduction redug&sk, increases platform survivability and improtbe safety

of munitions use during their whole life cycle. Tidea to analyse and understand the costs inael#bi IM
introduction has quickly appeared. Estimates ofibeefits that could be expected with IM insertame of
interest to many in the defence community but treéguires particular efforts to put in place. Some
methodologies have been proposed and developedsdaftoare to lead Cost and Benefit Analyses, tme ai
being always the same: to determine the key cdserdr comparing a non IM-solution with a projectéd
version of the same munition. To put these metragles in place, some computerised CBA tools were
developed.
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Recent literature gives examples of the interesiegded by CBA. Some of them are dealing with tie& r
assessment and the determination of the munitifsycle linked to this kind of analysis. At thedinning of
the 2000s, a two part workshop was organised byl8IMgarding risk assessment and C&B analysis {one
each). It was agreed that Risk Assessment was depenpon the whole life cycle parameters to ddategm
(threat leading to a stimulus, probability of thensilus, leading response, probability of an eveffect of the
event upon the surroundings etc.). To define a G&t&lysis methodology was also an issue; neverthgles
existing models/software on C&B analysis were idient (ACB, CBAM, COBEAN Cascade etc.).

COBEAN, developed by CINO/DOSG, was optimised far haval environment and required some specialised
data, probably known by experts of this domain. ot seems to be more dedicated to assess thequmrxces

of an initial event, the cost being a component aofmore global approach. CBAM, developed by
NIMIC/MSIAC, is not dedicated to a special armameoitps and can be addressed to more general lifescy
[12]. The common aspect for these two tools isithgortance of collecting a significant amount otadaut
which allows a complete analysis to be conductant @ollected. In addition to these tools, ACB frtMEMG
(formerly Club MURAT) was also identified as beimd interest because it featured the most important
parameters agreed by the IM community for a C&Blyamig, for example at first step level of an analys
Consequently:

- Pilot NIMIC methodology (F. Méller) could be usesl abasis,
- Cé&B analysis simulation has to consider the whiféedycle,
- The model must have the capability to simulate timms with different levels of Insensitivity.

If a C&B Analysis is undertaken, 3 main phases &hbe observed:

1. To build the life cycle of the munition

2. Tolook for and to enter the data describing tecdiraind economical parameters

3. To analyse the results and to validate data input.
In ACB Software, the description of a munition lifgcle is proposed with an arborescence showingadheus
phases of the munition life and the relevant undbk threats / incidents that may occur duringhealtase.
This arborescence is subdivided into four levels:

- 1 - The studied caseThe reference munition and its corresponding IMv&t version in a given life
cycle is considered. It is possible to deal withesal cases in parallel, generally cases thatiaritas,
for example, several munitions that differ in théil profile levels with respect to the reference
munition, or by incorporating different assumptiam® the life cycle.

- 2 -The sequenceThe munition life cycle is divided into separaiperational phases which can be
preceded or followed by storage periods on theonatiterritory. Every sequence is characterize@ by
geographic zone of deployment, associated to samjlstatus (peace, crisis or combat).

- 3 - The elementary situation: Every sequence is defined by a succession of ssrdmansportations
and missions, which are theoretically unlimitednumber (on identical or different platforms). Each
individual storage, transportation or mission ifemed to as an elementary situation, becauseribis
possible to subdivide it more.

- 4 -The disaster:Every elementary situation can be the subject efa@rseveral accidental or deliberate
threats, generating a typical disaster.

Within Club MURAT/IMEMG CBA software, every elemenof the arborescence, including every

treated/studied case, every sequence, every elamaesituation and every undesirable event, is eéerred to
as a node. Data is needed at each node.
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The Moller formula is the core of the ACB softwalteallows the application of the Cost Benefit Aysib to an
IM/Murat munition case. It determines benefits whare dependent on earnings and cost differenetsebn
referenced and planned munitions. The general flarean be expressed by:

CB =RP + PP - DAC
Cost Benefit = Total statutory Earning + Total patgal Earning — Costs

- CB: Cost / Benefit of the IM program. CB is the balarof the cost-benefit and is given in the formaof
table. It represents the sum of the logistic angm@l earnings, minus the extra-costs of insgriitio
service and disposal, between the reference andgdamunitions.

- RP: Regulatory Profits (storage and transport) oritiig benefits are connected to the variation ef th
constraints (statutory or not) in the conditionstafrage, transportation and during missions. Thaeylt
from the accumulated variations of the costs ofagfe, transportation and missions, between the
reference and the planned munitions.

- PP: Potential Profits (damage in case of accider#)@mnected to the variation of the risk associated
with every elementary situation (the probabilityazfcurrence and the severity of the disaster),fand
every conceivable threat. They result from the auedated cost difference of disasters between the
reference and the planned version.

- DAC: Difference in Acquisition Costs is the differerfoetween the reference and the planned munitions
in their acquisitions cost, taking into account tioenber of munition needed in the study.
Whatever the software used, the difficulty lieestablishing the whole life cycle and in data azltn.

In 1999, a cost benefit analysis was undertakemguaiCB software as part of cooperative work perfedniy
NIMIC/MSIAC and Club MURAT dealing with a 155mm #diery shell and a short range ground to air méssil
This works demonstrated that collecting the data difficult, even on a restricted / reduced lifeley At that
time, storage / logistic benefits were neither takeo account, nor identified, mainly due to thetfthat it was
difficult to take the legal advantages of the mionis improved IM performance.

Some years later, it is clear that HD 1.6 or SSD3lmay offer financial advantages in the fieldstifrage by
reducing the size of the storage area, allowingag® in differently constructed buildings or redugithe
required safety distances. Over the last threewryears, several papers have highlighted this, ifte example
[11].
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Bullet Impact

To illustrate the regulatory benefits that may bangd by the introduction of IM, the CBA Working @ip from
IMEMG decided to revisit the previous 155mm artileshell evaluation, without altering the original
hypotheses investigated for the Potential Profitsnd the operational phase. The group also attedntat retain
the spirit of the original approach whilst undenstimg quickly that the work to be performed washajh
importance. It was decided to model a single nddéelife cycle in relation to regulatory considgons. The
peacetime storage node was chosen as this acdouatsproximately 50% of the life cycle for typicattillery
ammunition.

For an inventory of several thousand 155mm aniltdrells, it was estimated that a 20% reductiothefcost of
storage (depending on storage area reduction, inogtases over time, potential reduction of assedia
supporting functions etc.) could lead to an addaldbenefit estimated as being up to 10%. Addifidremefit
means the difference between the original resuttutated with and without taking into account regaty
profits. Percentage values of additional benefitscaly estimates but they help to illustrate thamall earning
percentage at each node of the life cycle could fea more significant benefit over the whole agscence.

This kind of approach for an artillery shell is quatible with previous advantages presented eanligns paper.
On the one hand, taking into account the advantafjesgulatory profits provided by IM introductiaran lead
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to an increase in the quantity of munitions ablé¢ostored at the same place (realising that phpbather
benefits associated with a reduction in the nunalb@rternal transports inside a plant could be sssd). On the
other hand, it can also help to optimise the expdokmits of storage buildings.

On each node of the life cycle (peace, crisis anlzat time phase), additional benefits may be fowitth
respect to regulatory changes: They may be smalhéver negative. If the same exercise is performitial a
short range ground to air missile, the estimatedlte introducing regulatory profit during peacegimre not
significant. It is linked to the much smaller quties of munitions within the inventory for missileompared to
artillery ammunition. It is probable that other kéts could be found at the storage building lategif. For a
small missile, the advantage could be estimatepefprming a calculation taking into account a fagtstorage
building construction (meaning reduced buildingtspthan heavier existing ones.

The previous discussion is mainly dedicated to destrating the peacetime benefits that can be asbeks
hazard classification is taken into account (tHgestt of this paper). There exist other benefitsrdycrisis time

and operational phases. These (additional) bermfitkl be significant but it is obvious that the AZBpproach

needs to focus more on potential benefits reladegperational phases, where greater benefits casdessed.

8 CBA AND WHAT ELSE?

Finally, in addition to cost benefit consideratipitsis also possible to consider the optimum campse that
can be offered to the customer by manufacturetenms of the tradeoffs between terminal performatide
profile and cost. Studying the whole munition lifgcle, it would be also interesting to propose:

- The best IM signature with respect to the statehef art of the considered munition to achieve
compliance (vulnerability techniques: technology tumiéy, energetic materials: properties and/or
manufacturing processes and related investmemisoetc.)

- To identify the key cost drivers (disaster, seqeemhase etc.) to be compliant with the signature
specified by the customer / stakeholders.

With this in mind, the IMEMG CBA Working Group insidering the idea of creating a tool which cduddp
in assessing and specifying an IM signature. A commpproach using this tool and ACB would be able t
provide to assist in finding the best compromissvben costs and IM introduction.
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9 CONCLUSIONS

Logistic benefits due to the introduction of IM duxts into service can be achieved by reducingtysafe
distances for SSD1.2.3 (Sub-Storage Division). Unfwately, the SSD 1.2.3 is limited to military tge only.
Nevertheless, opportunities appear in some courtiniéake into account the risk reduction for indakphases.

Some possibilities / opportunities exist to achigives benefits resulting from the reduction of rkgary
constraints through the reduction / eliminatiorao€idental detonation risks; the accidental effaotslimited to
low order burning events as defined through QRAthle way, Insensitive Munitions generate cost o¢idns.
Examples given in this paper should be dissemirfateldest practice sharing.

These opportunities exist for manufacturing andagfe installations. But, for transportation, thassification
rules are only based on the UN Orange Book. Intendidiit becomes the basis for the Global Harmahise
System (GHS) which is promulgated in Europe throtigh Regulation on Classification, Labelling and
Packaging (CLP) [2].

At present, IM products do not exist accordingremsportation rules because the HD 1.6 criteriae ot took
into consideration the real performance of curstate-of-the-art of IM technology. These requiretadar HD
1.6 are over prescriptive. Munitions that cannodb®nated in any credible storage and transperisso are
being excluded from HD1.6.

Propositions for harmonisation of HD 1.6 criteri@hwSTANAG 4439 requirements have been prepared by
national experts led by the British. Then, HD liiéecia amendment has been approved by UN Comnitee
Experts on 10 December 2010 and it has been issu@March 2011 [14]. This amendment would sohe th
current, unrealistic EIS (Extremely Insensitive Stance) requirement by limiting the requirementrteet the
EIS criteria to the main charge of the IM produdévertheless, at the same time some unrealistirierihave
been introduced and these are surprising strittan for SSD 1.2.3. The Fragment Impact Test has bee
introduced with the highest fragment velocity fixad2530 m/s, and with Type V reaction requiredniet the

HD 1.6 criteria. This requirement is not consistehen compared with the Sympathetic Reaction Tésrava
Type lll reaction required. At least, the fragmampact threat is not required for NATO's SSD 1.2:3 then it
would be coherent to do the same for UN HD 1.& #urprising that HD 1.6 is stricter than SSD 3..2.

Finally, benefits that may be achieved by the dgwelent of specific regulations for IM may be iliaed by
the use of Cost Benefits Analysis (CBA) appliedtighout the life cyclérom cradle to grave. Tools dedicated
to this aspect may be used to assist in quantiftiiregcost savings provided by IM at various stagfethe
MTDS. IM provides enhanced safety during peacepimases of the MTDS (production, storage, transgtor}
as well as during military logistics operations.bAtter understanding of these improvements whepapirey
future regulations will be profitable to all. Togwide this greater understanding is the main objeatf this

paper.
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Etude Technico-Opérationnelle
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Hazard Division
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UK IM Implementation Plan

UK IM Implementation Strategy

IM European Manufacturers Group

Munition Safety Information Analysis Centdofmerly NIMIC)

Manufacture to Target / Disposal Sequence

Munition a Risques Atténués

Net Explosive Quantity

NATO Insensitive Munitions Information Ctar

Plastic Bounded explosives

Quantitative Risk Assessment

Sub Storage Division
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