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1 Introduction

The Royal Netherland&rmy (RNLA) and Royal Netherlands Air For¢BRNLAF) are frequently called
upon to participate in peace-keeping and contingency missigngf areaSince safety othe troops is
paramount, strict directives for field storage of ammunition and explosives have to be obisewmdkr,
the organization in charge of the operatidite the UN orNATO, prescribe forinstance interior and
exteriorsafety distancesyhich are often in conflictwith the desired operationdlexibility of the troops.
Furthermore,some directives on field storage of aomtion and explosivesare inconsistent and
insufficient to someextent, introducing amnnecessary additionailsk. Commissioned by order of the
RNLA and RNLAF, TNO Prins Maurits Laboratory hastarted a researcprogramme todevelop
consistent, more user-friendly guidelines for field storage of @miion and explosives to based by
commanders in thiteld. The work is supported by ti¢ATO AC/258 Groupwith the aim ofcomplying
with generalsafety principles as stated the NATO publication AASTP-1. This paper presents an
overview of theresults ofthe first phase of the researprogrammel[1l], in which all major aspects
involved in field storageare inventoried, existing guidelines ofield storage are evaluateahd the
principles of future guidelines for the RNLA and RNLAF are described.

2 Problem definition

One of the potential hazardhiring military missions out ofarea is formed by the anumition and
explosives of one’own troops during transport and storage in tlield. In casethe amnanition and
explosives mass detonates fanatever reasofi.e. enemyattack, snipers, sabotage, fireattention of
own personnel, etcetera), the explosieifiects can be disastrous ftire environment. Thereforevell-
considered and consistent guideliaes vital. It is obvioushat field storage principles différom those
for permanentstorage during peacetime.While permanentstorage in the interiozone emphasises
explosion safety principles and the conditioning ofdtoeed goods, field storage emphasegsectdike
optimal accessibility ofthe stored goodsthe need for storage facilitieghich are easy t@onstruct and
demolish, thause of logistics-friendly materials and the possibiliysézureand defend the field storage
site. These additional requirements czasily degradesxplosion safety, if strict procedurese not
available ornot observed.Therefore, guidelines for field storage should prescribe a well-considered
compromise between explosisafety principlesand military applicability Besides thiconsideration, a
major problem in formulating guidelines for field storage is the large variety of parameters involved.
Firstly, the mandate of the operati¢ine. peace-keeping, peace-enforcing) determinesrigiethat is
acceptedDuring peace-keeping missions, the survival of onai troops and civilians in the direct
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surroundings is paramounthich means that safety principles take priorfpr peace-enforcing missions
or war, the military equipment, including amnition and explosives, mustemain operational and
thereforetakespriority. In these situations, tteccepted riskor own troops ishigher. Althoughessential

in the development of guidelines for field storage, the teial of risk ishard to define and quantify,
because it requirethe specification of the probability of massexplosion of a storage facility. In
practice, only explosioeffectscorresponding tscaled distanceandtype of storage facilities with or
without extraprotective measures (barricades) can be quaniifiddding the damage and injuries to be
expected. Secondly, each missiont of areawill meet various circumstances ithe field. The
guartermaster of the Corps of Engineers must be able to set up a site plan for all kinds of geotechnical and
climatologic conditions. The guidelines should include alternagite planning options if theexisting
infrastructuredoesnot permit observation of standasdfety distances. Also, specatentionhas to be
paid tothe conditioning of thestored goods iextreme climaticenvironmentssince the quality of the
ammunitionand explosives musemain good, not only during the missioat alsowhen it isreturned to
the home country.

It is obviousthat thereare situations invhich afield commandehas to deviatérom standard guidelines

in order to fulfil a mission. Therefore, a very important part of future guidelines should be the inclusion of
sufficient information about the consequences regarding explosion safety and consegoensesdard
safety precautionf.e. safety distances) cannot bleserved. In practicehis means the presentation of
structural damage and personnel injuriessteveral sets of safetistancesWith this kind of additional
information, thefield commander is sufficiently informed tiake well-considered decisions.Another
importantaspect othe guidelines is that they should be user-friendly. inf@mation to plan a storage

site should be simple and straightforward.

Summarisingthere are anumber of aspects owhich guidelines for field storage of anumition and
explosives should be based:

site-planning procedures;

storage facilities which meet the specific military demands for out of area operations;
explosion safety principles including corresponding consequences;

inclusion of alternative safety distances;

principles for proper storage conditioning;

user-friendliness of guidelines.

onhkwhPE

It is obviousthat it is almost impossible to formulate guidelingich include all the variables as
mentionedabove. A selection or enore specific definition of thevariables has to be madEirstly,

existing field storage guidelinesare evaluated tanventory their principles, giversolutions and
shortcomings.

3 Evaluation of existing standards

World-wide, thereare anumber of standardgresenting explosiorsafety principles for storage of
ammunition and explosives. Only a fewtbéminclude specifianformationabout field storage. Because
these standards agenerally muchtoo detailed foruse in the field, field regulatiorsre derivedrom
them. The main standards and field regulatiomsich were available torNO-PML at the time of the
literature survey, were respectively:



1. NATO AC/258 Manual AASTP-1 [2];
2. U.S. Standards: DoD 6055.9-STD, DAP 385-64 and TM 9-1300-206 [3, 4 and 5];
3. UN Logistics Directive 100, 101 and 312 (two versions) [6,7, 8 and 9];

NATO AC/258 Manual AASTP-1

The NATO “Allied Ammunition Storage and Transport Publication”, AASTP-1, was established by a
forum of NATO members. Parts | il of the AASTP-1manualprescribe quantity-distances (Q-Ds) for
all kinds of permanentstorage facilitiesduring peacetime. Theénternationalsystem of classification
devised bythe UN isadopted. Thealefinitions of hazarctlassifications and compatibility groups are
presented as well as quantity-distance functions and corresponding exgeetsdof damage and
injuries. In 1981, it was decided to publisimewpart (partlV) dealing withquantity-distance criteria for
airfields. From thatdateon, regulationdor field storage ingeneral,missile installations anbasic load
ammunition holding areas were also published in this part of the manuabembial regulations for field
storage ardased orunits of quantities. The smalleshit defined is a fieldstack module containing a
maximum of 10 tons grosgeight. Examples athese small unitare loaded vehicles a@ontainersWith
these field stack modules, a field storage site can be planned, starmgnaum of200 tons grosweight

of ammunition and explosives. The positioning of modules in a field stsregesrather strict andbased
on explosionsafety principleg(i.e. to prevent sympathic detonation) and rapid accesthéoarticles
stored.Combinations of field storagsites are called field storagearea. They storbetween200 and
5000 tons and consists pfaximally 25field storagesites.Interior and exteriodistances ar@resented
only for field storagesites. Although theguidelines in this chapter of the AASTPate straightforward
and thus easy to apply by commanders in the field, dheyess suitable fahe RNLA and RNLAF. The
defined storagsites areoftentoo large byRNLA and RNLAF measures, and the quantity-distances are
based omgrossweightsinstead of the preferable net explosives quantities (NERsg}hermore, the
explosioneffects anddamage to the environment correspondwith the prescribed mimum exterior
distances ircaseone of the storage facilities detonatess not quantified. Thus, theommandeihas no
informationabout consequences at all. Because a fieldmandehas no suclinformation, hemight be
tempted to reduce safety distances in order to inctbasailitary applicability oraspects amentioned
earlier. For combaunits, who have tokeep their basic load ammition in readinesswithin the
boundaries of their barracks, the AASTP-1 publicatfmescribes separate Q-DBor basic load
ammunition holding areas (BLAHAS), a number of Q-D functions are defined in anr&ie@ from 50 kg
to 4000 kg. Thesé&unctionscalculate rmimum required interior and exterigafety distancesAlthough
small NEQsare alsdncluded, they do natducethe mnimum required safety distances. This is caused
by the factthat thethrow out of fragmentation andebris ishardly affected by the amount afmmunition

or explosives involved. Thieasic idegbehind the guidelines fALAHAs is very useful forthe RNLA
and RNLAF. Further improvements can be madeinmjuding theconsequencewhen standard safety
distances cannot be observed.

U.S. Standards: DoD 6055.9-STD, DAP 385-64 and TM 9-1300-206

The U.S. Department of Defense Explosives Safety BREBESB) established safety standards for
ammunitionand explosives. In 1983he first edition of thdDoD 6055.9-STDstandard was published,
which applies to all DoDcomponentssuch as the Military Departments, thinified and Specified
Commands and theefense Agencies. Thegeneralsafety standards weimplemented in the technical
manual TM 9-1300-206 entitiethmmunition and explosives standards” and themy Regulation AR



385-64 entitled “U.S. Armyexplosives safetyprogram”, whichincludes the Department of thrmy
Pamphlet DAP 385-64 entitled “Ammunition and explosives standards”.

The DoD 6055.9-STBtandardusesthe hazard classification system for dangerous goodieased by

the UN and it presents quantity-distances for lpattmanenstorage in the interiarone(i.e. U.S.A.) and
non-permanent storage in the theatre of operations. The contents of the chapter on storage in the theatre of
operationsare basicallythe same as the chapter lbasic load ammomition holdingareas of theNATO
publication AASTP-1. However, a chapter for larger ammunition supply points is not included.

Becauseahe DAP 385-64pamphlet is an implementation of tb@D 6055.9-STDstandardmany of the
numbersare identical. However, the pamphlet is a muracticalhandbook for the military in the field.
Separate chapters for peacetimeerseasoperations and wartime operatioaie includedFor wartime

and contingency operationagdditional optionsare provided tahe commandefaced with various and

changingbattlefield hazardsbased onthe acceptance of evencreasingdegrees of risk. Thenajor

options mentioned are:

» where Q-D considerations must be relaxed, prevention of propagation and the preservation of military
equipment, personnel, and ammunition should be paramount;

» the third (unwritten)factor in Q-D explosives safety calculations is time. The degrewhich
standards are relaxed should be directly related to the duration of the exfRelasation of
standards for 24 hours involves less risk than relaxation for 48 hours;

» the acceptance of aigh degree of explosionisk is dependent upon the competing hazards of the
battlefield. The risk of an accidental explosion is higher as ammunition approaches the forward line of
troops;

» Hazard Divisionl.2 (HD1.2) amnunition should be treated as HD1\When itbecomes impractical
to manage ammunition by HD, all ammunition, except identifiable HD1.4, should be treated as HD1.1.
All capturedammunition, mixed ammunitiomnd unserviceable/unknown amnition will be treated
as HD1.1.

Although the TM9-1300-206 is ndonger inuse, it includes some alternative approaches in §glthge
principles. A separate section is reservedtiier storage of amamition and explosives in the theatre of
operations. It introduces a diffzerent hazard classification system for the ammunition and explosives. Field
storage categories adefinedbased onthe desirability of stdng components of complete rounds in
adjacent stacks and on consideration of the hazards of a propagating expdosjeraf fragmentspread

of fires and chemical contamination. It is likely that these categaredatroduced specifically fouse in

the field for situationsvhere it is noknown whatthe hazard divisions and compatibility groups of the
ammunition and explosives are as defined by the UN classification system.

UN Logistics Directives 100, 101 and 312

Military units operating under the flag of the Ube Logistics Directives for all kinds ofmilitary
activities. Some of them include explosion safety principles for the storage afméttomand explosives.
During theliterature survey, théllowing LogisticsDirectives,used by UNPROFORNAUNTAC units,
were available at the TNO Prins Maurits Laboratory:

* Log Dir 312, entitled “Ammunition and explosives";

* Log Dir 101, entitled “Ammunition and weapons recovery plan;

* Log Dir 100, entitled “Ammunition and explosives*.

The following main conclusions were drawn from these field regulations:



1. in contrastvith the above-mentioned standards, pinecedures prescribed in the Logistics Directives
are very straightforward but inadequate;

2. Logistics Directive 312 (dated 20 March 1993) is incomplete, since it does not relate the prescribed
safety distances to maximum quantities. This can introduce hazardous situations;

3. the UN classification system is simplifiedtteo hazardclasses. These afemall armsammunition
and pyrotechnics” anthigh explosives”. Safety distances agwen for thesetwo ammunition and
explosives descriptions. This simplification is welcorhewever, exact definitions of bothazard
classes are not included;

4. all prescribed safety distances of storage areas to exposed sites are significantly smaller than
prescribed by the NATO publication AASTP-1. The references of the procedures and the policy
regarding the accepted level of risk are not mentioned;

5. Logistics Directive 101 repeats some advice from the NATO AASTP-1. However, some data is
copied incorrectly, which can result in dangerous situations.

The basicshortcomings of thetandards on explosive safety principdesl the field regulations supplied
by the UNarethat the formeiones are too detaileshd therefore impractical for fiekkommanders, and
the latter ones give inadequate information, which can result in hazardous situations.

4 Principles of proposed future guidelines

As confirmed by thaesults ofthe evaluation oExisting guidelines, it islmost impossible t@et up
consistent,clear and easily applicable fieldregulations forsafe field storage of ammmition and
explosives and still include athe important information. Therefore, a numbeptHctical simplifications
and definitions are proposed by the RNLA, RNLAF and TNO-PML.

* in order to make the future guidelinapplicable for a widaange ofusers,ranging fromsmall
(mobile) basic load ammomition holding areasfor first line troops up to largesemi-permanent
ammunitionsupply points, a modulabasedstorage concept is proposed. A 20SO-container is
defined as one modulepntaining a maximum 000 kg NEQ of ammomition and explosivesSince
such containerare alreadyoften inuse for transportation, unnecessary transfers of the dangerous
goods can be avoided or reduced to a minimum as well;

» the criteria on permissible explosion effects agsliting damage and injuries will be similar to those
stated in the NATO publication AASTP-1 for permanent storage during peacetime;

» the standard interior and exterior safety distances are based on the maximum content of 5000 kg NEQ.
Because, in practice, the containars often not completely filled, explosioeffects andresulting
damage and injuries can be considered as worst case scenarios;

» the expected damage and injuries, corresponding to the stegafatg distances itase amass
detonation occursyill be included. Onlythen, a fieldcommander is sufficiently informed take
well-considered decisions. Alsthe consequenceashenstandard measureasannot be met will be
included as far as possible;

» the international system of hazard classification as devised by the UN will be adopted,;

» the guidelines will include the option of usibgrricadessurrounding astorage modulewhich will
reducethe interior and exteriosafety distance€Examples of effectivdarricades arearth walls or
containers filled with small arms ammunition of Hazard Division 1.4S.

5 Conclusions

On behalf of theRNLA and RNLAF guidelines forsafe fieldstorage of ammmition and explosives for
military operationsut of area are beingeveloped al’NO Prins Maurits Laboratory. In the first project



phaseshortcomings of current (internationdiyectives arénventoried andgpecificdemands and wishes
of the RNLAandRNLAF are listed. The acquirddhowledge and information will besed inthe second
phase of the project which preliminary guidelines will be formulatedThe current directives for field
storage do not correspond to thasic demands of thd(RNLA and RNLAF. The NATO publication
AASTP-1 prescribavell-founded regulationdyut is not very accessibland therefore naapplicable by
commanders in théield. The logistic directives ofhe UN handlingfield storage of amomition and
explosives are inconsistent and inadequate. The offered level of protection for personnel and infrastructure
is significantly lower comparedith the NATO standard. Th&NLA and RNLAF adoptedthe level of
permissible damage and injuries@sscribed in th&lATO publication AASTP-1 fopermanent storage
during peacetime. However, it is expected that the implementation déwkisof risk in futureguidelines
will affect the military applicability. Therefore, alternatigets of smaller safety distancasd the
consequence®garding the increase of hazards will be included as Wedn, the quartermaster or field
commander will be informed as good as possible to take well-considered decisions.
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