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INTRODUCTION AND SUMMARY

1. An earlier semingpaper (1) described thieensing ofports around the British coastline
to handle explosives as required the Dangerous Substances in Harbour Areas Regulations
1987.

2. At the same time as that regulatory work, an independent study (2) was being made of the
major hazard aspects of the transportiahgerous substances by romdl and by sea. The
Report covered the transport of explosives by road and rail but it was considered inappropriate to
try and assegbe risks from handling explosives ports prior tothe completion ofthe licensing
programme.

3. The results ofhe major hazards study were summarised in a further seminar paper on the
risks from thetransport of explosives (3) which also looked forwartht® study and report on

the risks from explosives in ports. Mention was madiefwaylicensinghadgenerally led to
significant reductions ithe amounts of explosives, including military explosives, which could be
handled and the problems then created back up the logistical chain.

4, The report of the study on thisks from handling explosives iports has now been
published (4) and isummarisedhere. Themethodologies for estimating individuahd societal
risks at particular ports are tined and are compared with those used in other similar studies. A
rapid analysis technique based thre doninant risks from loading/unloading &ierths, also
described, provided a measure of the overall national risk.

5. The study cofirmed the value of licensing - riskaiere generally found to be well
managed but tolerablather than trivial, falling irthe lower part of the range where risks should
be further reduced if reasonably practicable. Effective management of safatym@ns
essential.

SCOPE

6. The remit ofthe study, completed for the Health aBdfety Commissionunder its
Advisory Committee on Dangerous Substances, was to obtain best estimate values for the risks of
moving Class 1 explosives through patsd to identifypossible riskreduction measures. The
technical objectives were:
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a. to establishthe types and quantities axplosives moved through portsnd the
populations at risk from such movements;

b. to establish what types of explosive accidents coocddir in ports, what ighe likelihood
of those accidents and what would be their consequences;

C. to establish a methodology ftire estimation of individual and societal risk from the
explosives trade at individual ports and nationally;

d. to establish a framework for the assessment of possible risk reduction measures.
THE STUDY
7. Since there ar&50 ports around Great Britain licensed to harelplosives, it was

necesary to restrict the in-deptstudies to a relatively few locations whitaken together
covered theange of different types of port concerned; including size and location, infrastructure
and method omoving explosivedbetween ship and short, typesexplosives handled, licence
limits andvolume of that trade. Aapid risk assessment technique was developed on the basis of
the initial studies and then applied to the remainder of the explosives ports.

8. In the event, five ports and one jetty were selectethéodetailed studyachhandling
all types of Class 1 explosives:

Port A, a major container port on a wide estuary with a high volume of trade in excess of 1000
te NEQ pa, andavith licencelimits equivalent to 200 te HD 1.1 A major gateway fialitary
explosives moved intand out of the port in containers by both road emild Container gantry
cranes used throughout.

Port B, a small break-bulk port located on a narrow river 11 km from the open sea, with a low
volume of trade of leshan 100 teNEQ pa and a licendamit equivalent to 2 te HD 1.1. The

port handled a wide range of military and commercial explosives using fork-lift trucks and mobile
cranes.

Port C, a major RoRo port within a narrowestuary anchaving a medium volume dfade
between 100 and000 te NEQ pa and a licenkmit equivalent to 2 te HD 1.1. Bothilitary
and commercial explosives passed through the port on road vehicles.

Port D, amajor break-bulk port on the open sea with a high volume of trade in excess of 1000
te NEQ pa and a licendienit equivalent to 110 te HD 1.1 Trade wemited atthetime of the
study tomilitary explosives of HD 1.2 brought intbe port agalletised cargoes by road and
handled by fork-lifttruck and dock-side crane; operatidapgically involving over 1000 tegross
weight over several days.

Port E, a small RoRo porton the open seaith a singlepier for loadingand unloading small
RoRo ferries. Aow volume of lesshan 100 te NEQ pa, typically involving just one vehicle at a
time, though licence limit equivalent to 10 te HD 1.1.



Port F, a licensed jetty usedor break-bulk and lightering when necessary. In an isolated
position on a wide estuatyaving licencdimits equivalent to 400 te HD 1.1 andvalume of
trade high at over 1000 te NEQ paypically used to handle large consignments of palletised
aircraft bombs delivered by container lorry, the jetty employed fork-lift trucks and mobile cranes.
Bombs loaded onttighterswere transported over 16 km out to anchorages for transfer onto
ocean-going ships.

Potential Causes of Explosives Events in Ports

9. The principal causes were considered tdhgepresence of unsafiems in explosives

loads or thenvolvement of explosives in energetic accidents. Cargoes which contain unsafe
explosives may initiate spontaneously or with relatively energy inputs. A number other,

different types of accidentsould occur in ports at one stage or another, suctiuasg the
transport of a cargo between the port entrance and berth, breaking bulk on the quay-side, short to
shiptransfers or during stowage of break-bulk cargoes on a ship, and which could in theory result
in an initiation of an explosives cargo. That is if impadttuli such as impact/frictiomeat,
electrostatic or electromagnetic energies or by chemical reaction are sufficient.

10. Leaving usafe explosivesapart, these accidents werdentified by a hazard and
operability (HAZOP) studynd those then recognised as too improbably to warrant further study
set aside. In total, nine scenarios, involving fire or impact, were selected for further study:

- road vehicle fires
- train fires

Fire Accidents ship fires

- road vehicle crashes and collisions

- train derailments and collisions

- crushing or penetration of packages by fork-lift
Impact trucks
accidents - falls of loads from cranes

- ships striking vessels loading explosives

- ship collisions

Categorisation of Explosives Cargoes

11. The likelihood that such scenarios would lead to an explosvesnt and the
consequences which would then result will both depend on the nature of the cargo being handled.
But it is not practicable to analyse separatelyrisies byeach of the many different types and

sizes ofexplosives cargoes. As the earlier study of major hazards in transport (2), the solution
was to categoristhe cargoes into amall number of groups withespect to themportant risk

factors and so that all explosives belonging toagticular group may be considered either to



producesimilar effects oninitiating or tobe, broadlyspeaking, equally susceptible to energetic
stimuli.

12.  Afterconsideringhe important risks factors - the susceptibility of the cargo to accidental
initiation by impact or by firethe hazard thawvould beproduced and thBIEQ of the cargo -
explosives werdnitially categorised intgix hazard groupghreeimpact risk groups and two fire
risk groupswhich when combined produced ten out of a possible thirty categories. It was seen as
unlikely that correctly packaged explosives would be initiated if involveddrtypes ofmpact
accidents thatould be anticipated to occur in portisough recognisethatsome (designated as
11) would bemore susceptible thahe vastmajority of others (12and that a fewnore (13)
would be much less sensitittean themajority and unlikely to be initiated in any credible impact
accident. Fire would generally pose a much greidwezat, thedistinction to be made then
between thosexplosiveghatwould most probably burn to explosion following ignition (F1) and
those unlikely to behave in that way (F2). The categorisation scheme in summary:

Hazard Division 1.1  -Articles 11,F1........... 12,F1............ 13,F1
-Substances 12,F1.....12.F2

Hazard Division 1.2  -Articles 11,F1........... 12,F1

Hazard Division 1.3  -Articles 11,F1........... 12,F1
-Substances 12,F1

13. Ruleswere made for the categorisation of cargoes containing different types of explosive;
HazardDivision is theusual way as HD1.1>HD1.2>HD1.3, impact risk groen as 11>12>13

and fire risk group F1>F2 - in each case referring to the substance or article which comes highest
in precedence.

14. To complete theategorisation process it is necessaryale account of thdifferent

sizes of load moved through ports in order later to estirtiteconsequences of any event.
Again, it isnot practicable to analysadl sizes ofload andagain it becomerecessary to group
loads into a smatiumber of notionasizes ofcargo. The method adopted was to determine for
each ofthe ten categories of cargo listed in para 12, the mean NEQ of loads within the bands: 1 -
99, 100 - 999, 1000 - 9999, 10,000 - 99,999, 100,000 - 1,00800Analysis of portraffic

data then producedareakdowns of explosives cargoes by haziwision, impact risk group, fire

risk group andsize ofload carried by roadail and ship at each of thsi&x Ports A to E. As an
example, lorry cargoes made up of articles of HD 1.Rat C partitionednto three notional

sizes:

Articles of HD 1.1/12/F1 4 kg 2% of total movements
400kg 4%
1800kg 6%



Likelihood of Events

15.  Analysis of historicatlatagave rates foeach of the dangerous occurrenltigted above

at para 10, and accident dataals data and experjudgement were used tdeduce the
conditional probabilitythat a specified category of explosives load would initiatheénevent of

its involvement in a particular kind of dangerooscurrence. Computingthose rates and
probablities with traffic datafor the annuahumbers of movements die different types and

sizes ofexplosives cargoes moved through ports gave frequencies with which different types and
sizes of explosivesventsmight potentially occur in portsForthe HD 1.1(A) loads atPort C,

the frequencies v fire on heavy goods vehicles (HGVs) were estimated as:

cargo-damaging lorry fire rate for HGVs (R) 5.10° per vehicle km

conditional probability of initiationas F1 (P) | 1
annual traffic levels for 4, 400 & 1800 kg (T) 1.86, 3.72 and 5.58 vehicle-km
frequencies of events for 4, 400 & 1800 kg 9:10 2.10 and®3.10 (RPT) pa

16. In addition to the possibility of explosivesentsarising fromfire and impact accidents,
experience showethat these eventsould alsooccur spontaneouslghould unsafe items be
present in explosive loads. In considerthg likelihood of suchaccidents the approach was
pragmatic; noting ast failures anassuming a similarate of furtherfailures inthe future. 50%

of all initiating events that have occurredringtransport operations since 1950 were caused by
unsafe explosives items of one kind or another - items badly designed, manufactured or packaged
or else mis-handled or allowed dieteriorate. An allowance for thmsks of ursafe explosives

was made by simply doublinthe explosivesevent frequencies derived fdire and impact
accidents.

17. The arguments which generated those valuesvell set out in the Report as is a
discussion othe uncertaintiegvolved. It was concluded that the small amount of accident and
trials datawhich was available did suggdakiat most ofthe results werdikely to err on the side

of caution. Butthe point was also madiatwhile the use of suckialues was in keeping with
the "conservative best estimate approaclhrisio analysisfurther research to establish objective
values of conditional probability and die potential threat posed by unsafglosives would
clearly be desirable.

Consequence of Explosives Events

18. The focus as in thearlier study (2,3) was othe risk of explosivesevents causing
fatalitiesnot on other consequences suchnfgy, loss of assets or property damage. Several
models, developed for thenost part under thdJK's MOD Explosives Storagand Transport
Committee asimproved versions of those available fibre previous study, were used to
determinethe distance$rom an explosion at which lethaffects could occur.Those models
covered blast effectgrimary fragmentsand the effects oidealised or non-idealised fires to



persons either indoors or outdoors as appropriate for artictbsubstances éfDs 1.1 and 1.3.
It was assumed hat an accidentahitiation of HD 1.2 loadmight cause up to four fatalities.
Although themodelswerelikely to producesome slighbverestimates;arewastaken toavoid
double counting.

19. The hazard ranges associated whthvarious types and sizes of explosives loads moved
throughthe ports were related to levels of lethality of 100% (gg L ), 90%, 50%,ah@l4d %.
Typical results for a cargo of 200kg of HD 1.1 substances on say a lorry were:

Hazard Distance to Persons Distance to Persong
Range Indoors (m) Outdoors (m)

L 100 18.00 14.00

Lo 19.00 14.50

L 22.00 15.00

L, 32.00 17.00

Lo, 56.00 19.00

20. Those hazard ranges wéhenapplied tothe populationdataprovided byeach of the
ports. Accountwastaken of the fact that &me portshe numbers of persons who would be
encompassed by the hazasahges could varwith both time ofday and day of week, and
allowance was also made when it seettitagly that peoplenvould be able tescapdrom the
scene of an accident before theplosivesevent occurred. An average fatalftyobability of

0.95 was assumed for those persaitkin the zone bounded by, andd. ranges and 0.7, 0.3
and 0.05 for the otherones out tdhe Ly, range. As before, the various uncertainties and shades
of caution werewell recognised; work continues the UK to further develop and refine the
different explosion effects models.

21. The frequency and fatality results obtainedtha various points aroundach port at
which an explosivesventcould be initiated were combined to provide two measures of societal
risk: FN curves which showhe estimated frequendy) of eventsresulting in N or more
fatalities:and "expectation values" which expréise longterm average number of fatalities per
year that could be expectédm the explosivestrade at each of the ports. At Port C for
example,there were twelve representative types ai@s of loadgor which frequency and
fatality estimates had to be determined for explosive eventhipsdocked there and from
which FN data could be constructed:



Frequency (F) of N or more fatalities (per year)

N>=1

N>=5

N>=10

N>=15

N>=20

N>=50

4.3.10°

2.6.10

2.0.10

2.0.120

1.2:30

4°10

The expectation values were calculatedhes produce of each of theelve pairs of
frequency and fatality estimates, tham of thevalues - ie 1.1® fatalities per year - thgiving
the overall expectation value for explosives events on ships docked at Port C.

22.  Similar calalations were made faall other points inPort C whereexplosivesevents
could potentially occur, and in tteame way fomll the ports concernedMost of the risk of
moving explosives through ports appears tocbacentrated at berths and other points of loading
and unloading; irpart a function of thdicensing system whickeeks to give high levels of
protection to those not directly involved the explosives handling operations. Individiasks

at berths were generally tfe order of 10 per year, the percentages of total expectaion
derived for berths lay in theange 52 to 100% angenerally dominated values obtained for
other locations.

Rapid Risk Analysis

23.  The rapid risk assessméathnique stands on thesultthatmost ofthe risk involved in
moving explosives through portsdencentrated on the berths wheselosivesare loaded onto
and off{oaded from ships. Iltakes account of the hazard graaupd quantities of explosives
handled, thenumber of cargoes handled in a representative period and typandfing
operation,and thenumbers of persons at or aroutite berth and their distancé®m the
explosives cargo.

24, Data for those parameters should be obtained by questioramardéranslated into
frequency and fatality estimates, then used to construgiléis. Fatal explosivesvents are
estimated to occur in ports national§th a frequency of 6.10 yr  The potential for more than
ten fatalities appeared to himited to theminority of portswhere relativelylarge numbers of
people may be present on explosisbgps orareemployed at explosives berths, or otherwise at
ports where passenger vessels nvay involved. Eventgesulting inaround 15 to 20 fatalities
were estimated to occur nationally with a frequency of4.10 , and for 100 or moreat 7110 yr .

Conclusions

25. It was outsidghe remit for the study to makelecisionsabout thetolerability of the
estimatedisks thoughthey appear tolerable when compavéth the criteria developed in the
earlierstudy on major hazards transport (2,3), if subject task reduction measures as may be
reasonably practicable. Thiekswere described rather all managed providing thaixisting
standards of management were maintained or further enhanced. Anahpossifor
improvementrelated to the preparation and effectingplementation ofthe emergency plan



required by legislatiorthe way thatmay assisthe evacuation of personnel beforeiacident
involving explosives which takes time to escalate into an explosives event can do that.

26. The study, just a snapshot in time, did not seek to compare the risks from different modes
of handling explosives in ports. However, methatiéch keep the number of people exposed to
a minimum must be preferable.
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