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PREFACE 

The Regional Seas Programme was initiated hy UNEP in 1974. Since then the 

Governing Co•mcil of UNEP has repeatedly endors~d a regional approach to th~ 

control of marine pollution and the m•nagement of marine and coastal resources 

and has requested the development of regional action plans. 

The Regional Seas Programme at present includes ten regions and i1as over 120 

coastal States participating in it. It is conceived as an action-oriented 

programme having concern not only for the consequences but also for the causes 

of environmental degradation a~d encompassing a comprehensive approach to 

combating environmental problems through the management of marine and coantal 

areas. Each regional action plan is for.nulated according to the needs of the 

region as perceived hy the Governments concerned. It is designed to link 

assessment of the quality of the marine environment and the caus~s of its 

deterioration with activities for the mandgement and development of the marine 

and coastal environment. Tile action plans promote the p~rallel development of 

r?~ional legal agreements and of action-oriented programme activities. 

By Jecision 88(V.)C of 25 M~y 1977, the Governing Council cf U~EP requested 

the Exect:tive Director to initiate the development of an action plan for the 

West and Central African Region. 

After a preparatory process, which included a numher of expert meetings, fact 

finding misFions anu in-depth studies on resources and environmental prohlemn 

of the region, the Conference of Plenipotentiaries on Co-~peration in the 

Protection and Development of the Marine and Coastal Environment of the \..'est 

and Central African Region (Ahidjan, 16-23 March 1981) adopted: 

the Action Plan for the Protection and Development of the Marine 

Environment and Coastal Areas of the West and Central African Region; 
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the Convention for the Co-operation in thP Protection anJ Develop~ent of 

the Marine and Coastal Environment of the West and Central African Regior; 
and 

the Protocol Concerning Co-operation in Comhating Pollution in Cases of 

Emergency. 

The GovernmPnts of the region also estahl ished a trust fund to support the 

activities called for in the Action Plan. UNEP was design~ted as the 

secretariat of the Action Plan and the Convention. 

This document was prepared as a contribution to the develcpment of the Action 

Plan for t~P West and Central African Region. Its main ohjective is to 

providP thP Govprnments of the Region with appropriate guioelines for the 

preparation of national and plant contingency plans for industrial accidents. 

Twn IJNIDO consultants carried out field m1ss1ons to Liheria and Senegal in 

order to collect rPlevant information on the curr~nt state of preparedness and 

intervention c.:pahility in case of major industriz! accidents in these two 

countries. 

A regional industrial risk assessment for the WACAF rPgion ~as also ~arried 

out in order to determine the zones in the region most exposed to tne risk of 

industrial accidents. 

CONSULTANTS 

Pi.•ro M. Armenant<>, Chemical En,:;ineer, was the principal consultant for this 

project. HP also prepared the cas~ study for Liheria. Jos Bormans, Chemical 

EnginPer, prPp~1-ed thP case study for Senegal. Mr. Kenneth Strzepek, Civil 

F:nginPPr, rissistf'd ~y Mr. S.C. Onyeji, Econorrist, prepared the WACAF regional 
risk assessment. 
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SUMMARY 

Guidelines for the preparation of ~ational and plant ievel contingency plans 

for industrial accidents in the WACAF region have heen prepared. A 

generalized procedure for conducting an industrial hazard analysis is 

presented. 

Informatior. on the current state of preparedness and interJ~ntion capahility 

in case of major indust~ial accidents was collected during field missions to 

Liberia and Senegal. 

A regional industrial risk assessment for the WACAF region has been carried 

out based on calculation of r~lative a) fire and explosion risk and b) 

environmental risk, for the major industrial sectors and the five geographical 

zones which make up the region. 

CONCLUS I Oi'S 

l. ContingPncy plans for industrial emergencies can be prepared at four 

different 11'vels; national, provincial, municipal and plant. The first three 

are responsibilities of the government or governmental agencies and 

organizations; the last should he developed hy industry. 

2. A hazard analysis is the firi:t step in the planning process. It corasists 

of identifying potential hazards, vulnerable points and risks associated with 

those hazards. Checklists and safety audits are the most important methods 

for hazard identification in industrial plants. 

3. The identification of resource!': (such as equiprr.ent, people and agencies) 

is the second step in the planning process. Functions and resronsibilities of 

diff~rent ~ersons or groups should also he identified. 
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4. The definition of th2 authorities in charge of an emergency, the chain of 

co!lll11and, and the procedure defi11ing the shift of authority to higher levels as 

th~ accident escalates are vital elements in any plan, and e~pecially in 

national contingency plans. 

5. A system of cont;ngenry plans developed by industry at the individual 

plant level is th~ basic building block of th~ response capability of a city, 

province or nation to industrial emergencies. Municipal, provincial or 

national continge~cy plans are needed to integrate plant contingency plans in 

case or major emergencies. 

n. Appropriate general legisation pertaining to plant safety and accident 

prevention is a ~ecessary complement to the preparation of roational 

continfency pians. 

7. An efficient and well equipped corps of national fire fighters is the 

essential hackhone of any national, provincial ~r municipal response 

capari 1 i ty. 

On the basis of the country missions it appears that: 

8. The larger industries are, in general, relatively well equippec and better 

prepared than the smaller ones to combat industrial accidents. 

'1. Fire is the most common industrial hazard, but its conse::iuences generally 

are limited to the industrial facility. Transport accidents involving 

hazardous materials are ~he major industry-related hazard faced by the 

population in the WACAF region, especially in those countries where no 

hazardous materi~l transport regulationa exist. An accid~nt which could 

result in the release of poisonous gases into the atmosphere would pose the 

greatest hazard to the population. 

10. The vulnerability of the population to industrial accidents is ,general!} 

speaking, rather low given the limited level of indu~trialization of rr.ost 

countfies in the region. 
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11. The vulnerahility of the population could increase if zoning regulations 

do not carefully define the areas assigned to industrial development and human 

sett lemer;t s. 

1he results of the regicnal risk assessment show that: 

12. Zones I and IV of the WACAF region hav2 the highest risk of fire, 

explosion or environmental damage as a result of an i~dustrial accident. Znne 

II has the smallest risk. 

13. The highest risks in the \-egion appear to be associated with petroleum 

refint>ries nn<l food manufacturing industries. Individual food-processing 

plants present a low risk, hut h:~cause there is 2 large number of these plants 

they o;fer a cumulatively high risk. Other high-risk industrial sectors 

identified in the analysis are plastic and textile manufacturing industries 

and oil storage. 

RECOMMENDATIONS 

It 1s recommendeo that governments in the region undertake the following 

activities in or~er to estahlish and implement industrial contingency plans: 

1. Makt> a cPns11s of thP existing industrial ebtahlishments in order to 

collect all the availahle information hy means of which possible accidents 

~ould he identified, including flammable and other hazardous materials present 

at these instellations. 

2. Classify industries according to ~he ~elative hazards they pose to man and 

environment. 

3. Set up regulations governing proper design, operation and maintenance for 

particular classes of hazardous industries. 

4. Establish standards and codes of practices frr handling, storing or 

trR~sporting hazardous materials. 

I 
I 
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5. Estahli~h procedures for licensing and inspecting industrial installations 

and designate a governmentrl agency for enforcement. 

6. ReQuire manufacturers to show that they have iden~ified the major hazards 

existing at their plants and adopted ~ppropriate safety measures, including 

the preparation of contingency plans. 

7. ReQuire manufacturers of especially hazardous installations to prepare 

contingency plans also for major emergencies. These plans should he flexible 

enough to be integrated with other municipal or provincial r~sponse plans. 

8. ReQ~ire that even industrial edtablishm~nts located in areas covered by 

governmental contingency plans develop their own plans, so as not to rely 

solely on public resources in case of an emergency. 

9. FPQuire the manufacturers to notify authorities of all ser1cus industrial 

accidents. 

10. Draw up legislation governing the transport of hazardous materials. 

11. Assign established agencies the tasks of preparing national, provincial 

and/or municipal contingency plans. 

12. Provide fire departments and other action response groups with the 

eQuipment, manpower and trai~ing needed to combat major industrial accidents. 

13. The Governments of the countries identified in the high-risk Zones I and 

IV should carry out a more detailed study, country-by-country, in o>der to 

eval11ate more accurately the extent and sources of industrial risk. 



Chapter I. I~TRODUCTION 

The West and Central African Region has heen recognized hy the Governing 

Council of UNEP (Decision 88.C(V) of 25 May 1977) as a "concentration a.-ea" rn 

which UNEP, in close collahoration with the relevant components of the un:ted 

Nations system was mandated to carry out a catalytic role in assisting the 

developing st?tes of the West and Centr3l African region to formulate and 

implement, in a consistent manner, a commonly agreed upon Action Plan. 

Recognizing ~he complexity of th~ prohlem and heing aware of ongoing 

activities, UNEP has ~ndertaken numerous activities tc provide a sound basis 

for the development aHd ill'~lementation of the Action Plan for the Protection 

and Development of the Marine Environment and Coastal Areas of the West and 

Central Africa11 Region adopted hy the Conference of Plenipotentiaries in 

Ahid pn, March 1981.Y 

The main pu~posc of the present study is to support the implementation of the 

Actio11 Plan, taking into account the guidance provided by the subseouent 

intergovernmental meetings and in particular: 

Meeting of the Steering Committee for the Marine Environment of West and 

Central Africa, Ahidjan, 20-22 July 1981-Y 

Meeting of the National Authorities for the Action Plan for the West and 

Central African Region, Geneva, 19-21 April 19821/ 

Second Meeting of the Steering Committee for the Marine Environment of 

West and Central Africa, Geneva, 22-23 April 1982~/ 

The First Meeting of the Steering Committee (Ahidjan, July 1981) defined the 

instit!ltion and co-ordination of national contingency plans as one of the 

priority projects to he developed in the framework of the \;ACAF Action Plan 

(paragraph 14 of ref. 2). The outline of the project has been reviewed and 

revised hy the Meeting of National Authorities (Geneva, April 1982) and 

approved hy the Second Meeting of the Steering Committee (Geneva, April 1982) 

(paragrt..ph 10 of ref. 4). The approved outline of the project served as the 

haRi.:i for the de11ign of the present study. 

-1 
I 
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TiiP ohiPctivP of this proiPct lS to provide thP WPst and CPntral African 

rPgi~n with guidPlinPs for the preparation of contingencv plans to dPal with 

PmPrgencies arising from catastrophic failures of industrial plants or 

hrPakdown of industrial waste disposal systems. Plans for responding to 

<:pillagPs of toxic suhstar.ces occurring during handling or transportation are 

also dPvPloped. Means for incorporatin~ the mPthodology to cope with these 

PmergenciPs into National Contingency Plans are presented. 

ThP ha7ards considPrPd 1n this study are fire, explosion, and toxic reiease 0f 

hazard.ms materials in the envirom.ient. 

A ha7ar<l:n1s material 1s dPfined as anv s11hstance which 1s explosive, 

inflammahle, corrosive, poisonous, toxic, infectious, radioactive er generally 

<langPro11s, and which may have detrimental effects on operating at.cl ,.,mergency 

personnel, the p11hlic, eQuipment and/or the environment. 

Partic11larlv relevant to the curre~t study are the results from the UNIDO/UNEP 

survev of industrial pollution of the marine enviro!lment from land-based 

sources (proiect FP/0503-79-18) which resulted in the putilication UNIDO/UNEP: 

S11rvev of Marine Pollutants frr.m Industrial Sourcc>s in t~e west an-! Central 

f 
. . 5/ A r1can Region- . Tiie information contained in this survey helped identifv 

the industrial estahlishments in the WACAF region which are associ:>tcd witr 

the highest risk 0f industrial accidents. 

The res1ilrs of tris work should assist !:he governments · f the WACAF cc. I' 

to: 

Tdentifv thP 7.nnes and ind11strial sectors Pxposed to the grpatest risk 

0f industrial catastrophies 

Focus thP :ittention of the resp0nsihle local officialg on the proli~ems of 

industrial accident prevention and contingency planning 

Develop national contingency plans for industrial emergPncies 

ro-ordinatP national contingency plans in cases of main regional 

emergencins. 
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Chaptr-r I I. THE PLANNING PFOCESS 

Contin;?:~ncv plans ior industrial emergencies can he prepared lit several 1evels 

_,f sophistication, depending on tht> degree of complt>teness requirPd as well as 

on the purposP of the plan itsPlf. The instruction!. for a machine operator in 

the case of fire in an industrial plant will differ significantly from those 

governing the co-ordination of different ministries or a~encies in the case oi 

a national disaster, evC'n though hoth sets of instructions are n•ferred to as 

contingency plans. 

All continr,encv plans have three elements in common: 

Analysis of the hazards 

Identification of resources 

Description of actio~s for the mobilization of personnel and equipment and 

duties in case of e~ergency. 

These elements need not appear as specific sections of the plan, hut should be 

logical phases of the preparation of the plan. Section A of this chapter will 

list and descrihe the most common types of contingency plans, indicating which 

tvpe of plan is most appropriate to a given planning purpose. Hazard analysis 

and resource identification will he dealt with in sections B and C. Actions 

and duties wi 11 he descrihed in Chapters III-V according to the purpose of the 

contingency plan. 

A. Ty~es of plans 

Contingencv plans can he classified according to their content and form, ~hich 

are directly related to the purpose the pla;is should serve. Contingency plans 

h . f . 6/ may e grouped in our categories- : 

Lists of reiiources and PQuipment, and telephone rosters 

Act ion g1•ide11 and checklists 

Responiie plan11 

Co-ordination plans 

-1 
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This :lassification does not imply that a plan will fall into just one 

categorv since a comprehensive plan can display features of twn or even more 

categories. 

Lists of resources and eauioment, and telephone rosters 

The simplest of all plans, they comprise lists of possihle resources and 

eouipment for use in an emergency, together with their locations and/0r way 

the resources can he alerted (if people) or ohtained (if material). In the 

most common case, using a telephone offers the ouiclcest and easiest way of 

mohili7.in? some of the resources, hut alternative methods, such as radio 

transmitters or alarm systems can also he used. Usually a plan of this kind 

does not contain a hazard analysis section, even though the planner must have 

considered pnssihle hazards at the time of preparation. Similarly, the plan 

dot·s not descrihe suhseauent actions to he taken. It shou1d onl~· he used hy 

"action-response people" such as a fire department who know the action _o he 

taken. 

The resource and eouipment lists maintained hy the "action-response people" 

usually descrihe the resources availahle within their own organizations (e.g. 

fire departments or puhlic works departments). Lists of technical experts 

from local companies and universities may he useful. A list may he prepared 

of volunteer organizations who could provide hard work, such as preparing and 

layin~ sand hags. These may he assemhled hy co-ordinating response personnel 

into city or other province lists The industrial community can provide a 

wide range of eauipment sometimes on a volunteer, sometimes on a direct .. hire 

hasis. F.ven when a community is covered hy an active province or city 

contingency plan, it should know the extent of its local capahilities so that 

the information can he made availahle to whomever takes charge in cases of 

em<'rgt>ncy. 

Rt>causp of its characteristics, thiR kind of plan is most suitahle for local 

communitif'R, Rmal l industrial plantR and local response organizations. Its 

main a~vantage lies in its simplicity and little preparatory work; however, it 

presupposes the a•niilahility of Rkilled personnel who know what to do with it. 
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Acti~n guides and checklists 

This kind of plan generally consists of 2 few pages or cards, preferahly of a 

convenient si:::e, carried hy people who are most likely to encounter an 

emerg~ncy (such as a truck driver transporting hazardous chenicals or an 

emerge~cy souad in an industrial plant). The plan may also hi: posted at key 

points thr:mghout the industri;il plant. 

Actior. gui:ies and checkli::;ts are generally suhsidiary to more comprehensive 

planr. They ar~ designed to ensure that a ff'w hasic thin)?:S always get done, 

such as shutting dol.'Tl machines or industrial pieces of touipment, 

ext:nguishing srrall fires at the very onset, containing spills of hazardous 

materials hefore they spread, or preventing access to dangerous areas. They 

should never he relied on as the sole response to an emf'rgency. They should 

serve only as reminders to persons who have had more comprehensive training, 

or as a methocl for activating a more comprehensive response. An action guide 

may he all that plant personnel need for handling a small e~ergency. However, 

an active response plan covering that plant will be necessary to provide 

following response to a large-scale emergency. 

Response plans 

A response plan provides instructions on handling one or more emPrgency 

situations. Its emphasis derives frorn the persons who prepare and use it. A 

designatPd response agency, such as a fire department, the civil defence 

agency, or the control centre nf a large industrial plant may include detailed 

specific field technioues in the plan. A city or province plan will define 

the responsihilities and capahilities of various community response dgencies 

and show how to activate them. 
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A rrsponsP p~an will contain information on whom and how to not:ify in the casp 

of an accident, and it may indicat~ the initial actions to he taken. Trese 

1.1i11 he dPscrihPd, in a more explicit and specific form, in the guides :c, he 

11sP<l hy the "action-.-esponse people". A response plan will also des.:-ribe the 

rPsponsP organi?.ation and procedure. The most vital element in the plan is 

thP chain of command during an emergency. The plan must clearly state at what 

stagP on-scPnP authority shifts to another level and which official takes 0.1 

thP nrw rPs,onFihility. A hazard analy:is section will be generallj included 

in thP plan: it will also specify the "':!.1erc•hle areas and include detailed 

m~ps of thP r£gion • lf he response plan is to he effective, it must contain 

provisions for updating and upgrading (e.g. hy audit). The plan also should 

indicate the type and timing of exercises and training sessions. In summary, 

thP responsP plan is similar to a hospital procedure hook. It specifi2s 

rPa1ities and stipulates what people are to do in an emergency. Seci:ion E of 

Chapter ITT contains a hri?f description of hospital contingency planning. 

RrfPrencP 7 contains a more detailed set of emergency procedures governing 

arlmissions to hospital. 

Co-ordination plans 

A co-ordination plan is generally aimed at defining the responsibilities of 

various ag .. ncies, groups, or individuals under various emergency response 

conditions. Co-ordin~tion plans tend to he rather ~omprehensive, and are 

. 1 . 1 . . 1 1 181 . 1 main y usrd at the nat1ona or prov1nc1a eve - or in very arge 

~itiPs11 . National disaster plans prepareJ by civil defence organizations 

arr often primarily co-ordination plans and may cover technological disasters 

as part of a matrix showing who does what during different kinds of 

disasters. Some elements of response plans are fourd in co-ordination plans. 

A en-ordination p!an indicates thP administrative procedures that should he 

followed in cases of emergency. It specifies the chain of connnand both wi(hin 

ancl hetwPPn pach of the agencie11 or groups involved in the emergency response 

opPrations. These plan!'! co-ordinatp the action!'! of those agencies or grot•ps 

as wPll RR define their responsihilities from a legal standpoint. 

1 
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R. Hazard analysis 

!):,sic to elllf"rgency planning, no matte•· how simple, is an understanding of the 

problems one might antic~pate. Hence, hazari analysis should always he 

carried out, and should be the first step in planning. It should a!so he 

included as part of a response or co-ordination plan or carried out prior to 

preparing simple plans, and documented in the accompanying letter when the 

plans are distributed. 

In ge11eral terms, a hazard analysis may he hroi;en up as fol lows~/: 

l. Identification of hazards 

A haz~rd is any situation that has the potential to damage life, property 

and/or the environment. When preparing ~ hazard identification related to 

industrial accidents, the following ouestions should be answered: What type 

of hazardous materials and/or industrial processes exist? Where is it (or 

where does it pass through)? 

2. Identific~tion of vulnerPhle areas 

Vulnerahilitf is the susceptibility of life, pro~erty and/or the environment 

to damage if c:· hazard manifests its potential. The ouestion to he answered in 

this phase is: What can the above identified '.1azards affect, and how? 

3. Assessment of risk 

Risk is the prohahility that damage to life, property and/or the environment 

will occur if a hazard manifests itself. The ouestion to he answered is: 

What is the likelihood that the hazard will occur and affect the vulnerable 

areas? The methodologies used in risk assessment fall broadly into two 

categories: oualitativP and ouantitative. Tne first group includes 

methodologies such as estimations based on professional judgement , e.g. the 

Dow Chemical Company Fire ar.d Explosive Index Hazard Classification 

Guid~/, the Hond Fire Explosion and Toxicity Index.!..Y, and the Hazard 

and Operability (HAZOP) study 12 /, The second group comprises methods such 
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1 A 1 
. 13,14/ l . 14,15/ .. as Fa11 t Trt>P na ys1s--- , Evi=:nt Ana ys1s--- , Human Error Pred1ct1on 

d . 16/ "d . l . 1 h d 15 17/ . . l . Stu lPS.- , f.p1 Pm10 og1ca Arproac Stu y--'- . Quant1tat1ve eva uat1on 

of risk may he vPry complex. The corresponding methodologies should only be 

11~Pd \Jhpn a verv comprehPnsive ha7.ard analysis is reauired. 

Ha7.ard analysis for national, provincial or municipal contingency plans 

6/ 
In this case, the following recommended procedure should be completed-=-: 

(aJ Identify possihlP sources of ha7~rdous materials, e.g. oil and chemical 

manufacturPrs, users, storers and transporters. Tahle 1 lists such possible 

SOllrCPS. 

(h) Contact thP officials in charge of these industries (or departments 

within an iPdustry) and interview them, in person or through a written 

011Pstionnaire, ahout thPtr activities. The auestionnaire should he aimed at 

pstahlishing the following facts: 

Ha7.ardous matPrials and tradP names 

Ha7.ardous properties 

Product safPty information and emergent:y guidelines 

TypPs of storegp/shipping containers 

Transportation routes/freauency 

Persons to contact for technic81 assistance 

Company accident"plans, ano possihility of interfacing with c011DDUnity 

plans. 

(c) IdPntify particularly vulnerahle or sensitive areas, in te·rms of peorle, 

property and pnvironment. F~.re and pol ice departments are good sources of 

information when planning at the provincial or municipal level or for large 

industrial accidpnts which could spread out~ide the plant or facility. 

As an examplP of vulncrahle area~ outsidP the plant one may consider: 

SPnsitive p11hlic health concernfl 

Drinking watPr intakps 

V1ilnPrahlP population centrP.fl 

-1 
' 



Tz'•le 1. S0urces of hazardous materials 

Farm and related industn: 

Crop dusting 
Fertilizers 
Pesticidf's 

PetrolPum industry 

Bulk c0nsumers 
Producers 
Oil fields 
Refinf'rif's 
Storage facilitif's 
Waste disposers 
Refueling facilities 
Fiulk terminals 

Transp0rters 

Airway 
Highway 
Waterway 
Pipeline 
Ra i lw-a•1 

Chemical industry 

Manufactucers 
Processors 
nistrihutors 
Recycling plants 

Man11facturf'rs (chemical users) 

Ruh her 
Paint 
Plastics 
Textiles 
Soap/Detergf'nts 
Any othe-s 

Wastf' disposal 

Sanitary waste!! 
Hazardous wastes 
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Hospital locations 

Schools, play~rounds 

Sensitive environmental areas 

Coastal areas 

~ildlife hahitats 

parks and recreational areas 

~ild and scenic rivers 

Historical sites 

Archeological areas. 

(d) Map the sources of h<.>zardous materials, important transportation routes, 

and sensitive areas, usinp; different colours for each. In so doing, nse hoth 

street mars (to show where population i3 affected) and topographical maps (to 

identify flow and drainage patterns). Pre-fire planning, as done hy som? fire 
18/ departments- , mav have led to maps of this typ<" already having heen 

f;reparecl. 

(e) Consnlt records (newspapers, police/fire, civil defence records) for 

actual industrial or industry-related accidents (no matter how small) and mark 

th em on th<' map. 

(f) Make a written description of what the map reveals, paying attention to 

anv ohvious pattern, such as areas of concentration of known accidents, 

clusters of industrial use or production, and storage. This description 

sh0uld also include the results of (g), (h), and (i) helow. 

(g) Try to estimate the prohahility of industrial accidents: the most 

difficult part of the whole analysis. One should notice that even very 

sophisticated techniouf's haiied on approaches such as "fault-tref's" and 
14/ "event-tn•es"- can lead to controversial results. T:1erefore, when 

numerical approaches are too complicated or time consuming to he applied, the 

prohahility of Gn accident could also he entimated in terms of qualitative 

categoriPs such as low, medium, or high iisk or evPn "likely-unlikely". 
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ExamplPs of high risk factors arP: 

p;:ist ;:icci.dPnts 

Maior transportation routPS 

Maior industrial concentrations 

Transpcirtat ion routes in t.:ban arPas 

Drinking water intak~s close to ~aior transportation routes 

or hazardous matPrial facilities 

ChPmical storage, production facilities or pipelines located 

in flood plains, near earthQuake zones or in other areas sub_iect 

to rPcurring natural disasters. 

(h) DPcide what would happen in the event of a disastrous industrial 

accident. Two things have to be consider~d: all the complications of a 

rPally largP accident, and the pffects of a natural disaster (fire, flood, 

parthquakP) on the ability to cope with the accompanying accident. Secondary 

pffects (c;uch ar traffic jams, business closure, reduced availability of 

manpowPr for Pmergency squads) should also be considered as well as thP direct 

prohlPm of accidPnt handling and control. 

TimP and resourcPs will probably dictate the depth and PXtPnt to which a 

hazard analysis is conductPd. At one Pnd of the spectrum will hP the case 

whp~e the fire/police team simply gives an assessment based on whatever 

knowlPdge they ;:ilready have; at tht> other end, one might conduct an industry 

survey, develop a picture of local transportation patterns with shippers, and 

gc> through a long set of "what if" scPnarios to assess plant vulr.erahility. 

Once completed, the hazard analysis should help decide the following things: 

The type of contingency plan required 

The degree of detail needed 

The types of rPsponse to emphasize 

The location of response and clean-up r"'sources 

The type of help needed if resources available do not suffice 
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Hazc~d analysis for plant contingency plans 

~~o single ideal ha?.ard identification system exists as systems vary with the 

type nf industry and process. Thus, for example, a firm involved in a hatch 

manufact11re nf a large numher of oq~anic chemicals is likely to he much more 

interested in technioues of screening and testing chemicals and reactions tha,1 

one operating ethylene plants. 

An important principle in hazard identification is ctilizing past experience. 

The use of standards and codes helps avoid hazards of which people may not 

even he aware. As far as hazard identification is concerned, however, the 

principal means of transmitting this experience in a readily usahle form is 

the checklist. A very general example of such a checklist is given in 

lq/ TahlP 2-· , hut one should he aware that many examples of checklists are 

availahle in the technical literatur 
14

• 
20

• 
211 

and should he followed when 

. hl ' . d l . .l d d "f" . "d lO/ appl1La e. Dows Fire an Exp osion In .. ex Hazar I enti icat1on Gui e--

is another example of a checklist for the process design; it is widely used 

and acceyted. The method outlined in this reference also gives a relative 

measure of the risk involved with different industrial operations. 

Another tool freouently used in hazard identification at the plant level is 

the safrty a11dit~/. It consists in a critical, detailed examination of all 

facets of a particular industrial activity with the o~jective of minimizing 

loss. It is usually carried out hy a team of professionals who produce a 

formal report and action plan. A safety audit may encompass complex technical 

operationR, emergency procedures, clearance passes governing access to 

dangerous areas, general housEkeeping procedures and management attitudes. 

The ~xamining team often uses checklists during the audit. 
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Tahle 2. Hazard analysis checklist 

Plant site 

(a) Is plant well F~tuated with regard to topography and adeouate drainage? 

(h) Will the climate or natural disasters ffiaterially affect plant operations? 

(E3rthouake, floods, fog. hurricane, lightning, smog, snow ,tornados and 

very low temperature) 

(c) Will toxic fumes from fire, explosion, or other accidents at the plant 

affect the surrounding community? 

(d) Arf' major highways, airports or c<1ngested areas near the plant site? 

Can emergency eouipment get through traffic at all times of the day? 

(e) Are utilities adeouate? (Water, gas, electricity, etc.) 

(f) Does the coll'lllunity provide adeouate fire fighting personnel and eouipment? 

(g) Does the coll'lllunity provide adeouate amhulance, hospital and police 

protection? 

Plant layout 

(a) Is the plant area enclosed hy adeouate fences and gates? 

(h) Is there a safe distance from the houndary to the nearest 

plant unit? 

(c) Are process areas separated from utilities, storage, office and 

lahoratory areas, and down wind from ignition sources? 

(d) Are hazardous units separated from all critical areas such as 

control rooms or process computer installations? 

(f') Doell !!pacing of eouipment consider the nature of the material, the 

ouantity, the operating conditions, eo11ipment sensitivity, the need to 

comhat fires, and the concentration of valuables? 

(f) Are loading arens on the periphery of the plant and away from sources of 

ignition? 

(g) Are administrative buildings and warehouses on the periphE>ry of the p
1
ant? 

(h) Are storage tanks away from the periphery, not too closely spaced, and 

diked or buried? 

(i) Are waste disposal syBtems down wind from personnel concentration? 

(j) Are there adcouate roadway!! for vehicles for entrance 3nd exit in the 

event of an emergency? 

. . •· . . • 



- 14 -

Structures 

(a) Do all huildings conform to the national huilding code (if any)? 

(h) Are foundations and subsoil adeouate for all loadings? 

(c) Are structural steel memhers and supports insulated so as to be 

fire resistive? 

(d) Have fire spread factors such as openings 1n floors, walls, elevator 

shafts, air conditioning and ventilation ducts been minimized? 

(e) Are hazardous process 3reas separated hy fire wall;? 

(f) Are hui1dings exposed to explosion hazards ventilated according to 

standards? 

(~) Are all huildings properly ventilated to limit toxic and flannable 

suhstances? 

r 1) Are there sufficient and clearly marked exits 1n all buildings? 

{i) Do electrical installations conform to the national electrical code? 

(i) Are drainage facilities in buildings adeouate: 

Materials 

(a) Have the ouantities of material in all stages of production handling 

and storage and all physical states heen considered in relation to 

the hazards of fire, explosion, toxicity and corrosion? 

(h) Have the pertinent physical properties of each material been determined: 

melting point, hoiling point, vapour pressure, particle size, etc.? 

(c) Have the chemical properties of each material heen classified? 

(d) Have the hazards of the material heen classified? Have highly hazardous 

materials heen identified and their location in the plant determined? 

(e) Is the material toxic? 

(f) Ha~e the stahility hazards of the material heen determined? (Reactivity, 

spontaneous combustion, self-polymerization) 

(g) Is the material corrosiv~? 

(h) Have the effects of impurities heen taken into account as related to fire 

and explosion, toxicity, corrosivity and stability of the material? 

(i) Is the material properly packaged and labelled according to national, 

or international regulations (if any), as well as industry and insurance 

company recommendations? 

- - -~.~--___________ ......_ ______________ ~ 



Chemical process evaluation 

, c ._, 

(a) Have the primary hazards of the process heen identified? 

(h) Is it a hatch or con.tinuons process? 

(c) Has the process been properly descrihed and examined through reaction 

eouations and flow sheets? 

(d) Are normal process conditions adeouately descrihed? 

(e) Have provisions been made to prevent; 

a. ahnonnal temperatures 

h. ahnormal pressures 

c. ahnormal rate of reaction 

c. improper addition of reactants 

e. material flow stoppage 

f. eouipment leaks or spills 

(f) Are emergency measures prepared in the event that the items cited in the 

previous ouestion occur? 

(g) Have potentially unstahle reactions heen detected? 

(h) Have process health hazards heen identified and control measures installed? 

Vnit operations, transport and storage 

(a) Have the potential hazards of all materials involved heen evaluated? 

(h) Are precautionary measures taken to guard against accidental reledse 

of flammable or toxic liouids, g~ses or comhustile dusts? 

(c) Are unstable chemicals handled in such a way as to minimize exposure 

to heat, pressure, shock or friction? 

(d) Are the unit operation facilities (distillation columns, adsorbers, 

strippers, etc.) properly designed, instrumented a~d controlled to 

minimize losses? 

(e) Have all heat transfer operations heen properly evaluated for hazards? 

(f) Have all transport operations heen checked for operator safety? 

(g) Are shipments of chemir.als from the plant packap,ed, labelled and 

transported in accordance with current regulations? 

(h) Are w~dte disposal and air pollution problems handled in accordance 

with current regulations? 
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0perator oractices and training 

(a) Has an acleouate "Standard Operating Procedure" manual heen preuared? 

Is it reviewed periodically ancl when process changes are made? 

(h) Are adeouate employee training programmes instituted? Do they cover 

hoth supervisory and oper~ting personnel? 

(c) Have adeouate start-up and shut-down programmes heen initiated? 

(d) Does the plant have a well-operated permit system for hazardous 

johs? Is it enforced? 

(e) Are employees trained to recognize potential process malfunctions? 

(f) Are ~rnployees trained to handle emergency situations? Is co-operation 

with other puhlic and private fire departments encouraged? 

(g) Are operators trained in the utilization of protective eouipment? 

Fouipment 

(a) Does each piece of eouipment have its own detailed check list? 

(h) Are recognized standards uspd in the design of eouipment? 

(c) 1s eauipment designed with adeouate safety control? Overpressure? 

Overtemperature? 

(J) Has eo11ipment heen properly constructed and installed? Was it thorou~hly 

checked hefore operating? 

(e) Is eouipment reliahle and easy to operate? 

( f) Is eo11ipr.1ent designed fee ease in inspect ion and maintenance? 

(g) Are all instruments and controls fail-safe? 

(h) Is the maintenance and inspection programme adeouate? 

(i) An· spare parts and eouipment repair crews ready? 

{j) Is the safety eouipment adeouate for the ~azards? 
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C. ldentification of Resources 

Aft~c the hazard analysis, the next step is to identify the resources, in 

terms of eouipment, people, and agencies, that should be made available to 

comhat possible accidents. The functions and responsibilities J' the 

different response group should he defined. The resources to he identified 

for the two simplest - resource lists and telephone rosters, and action guides 

and checklists - ~re similar to those for response plans, and are not 

considered separately. 

Response planning: identifying resources and functions of emergency response 

or support groups 

When planning at the plant level, the greatest source of information is to be 

found in the scientific and technical literature availahle fo• each class of 

industries. Standards and regulations already exist for mauy types of 
. . f. . 23' 24' 25' 26/ b d . 11 h incl11str1es, such .:is re iner1es • They may e use in a t e 

stages of plant life, from eouipment design to plant erection, operation, 

maintenance and shutdow 27 • 28 • 29 • 3o, 311 . These standards have been 

conceivecl and refined with time, specific attention heing devoted to safety, 

for people, propt>rty and Pnviron:nent. Whenever possible, plans should always 

hp examined in order to ascertain the appropriate resources reouired to fac~ 

the most typical industrial eme•gencies. When planning at the provincial or 

municipal level, or for accidents spreading heyond tht• plant hour.dary then all 

organi7.ations capahle of providing immedLate active and material support in 

the event of an accident should he identified. As a starting point, the 

planner should contact the organizations at his level and the next highest 

level listt>d in Tahle 3. These groups can either provide direct information 

or refprences to other sources of information. The accident response 

capah;lities of the various agencies or groups can he determined hy asking 

ouestions ahout the following topics: 

The person in charge 

Personnel assigned: training and skill~ 

F.011ipment available 
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Table 3. Contingency planning information sources 

Nat iona 1 a·,enc1es Ministry of Industry 
Ministry of Interior 
Ministry of Transportation 
Ministry of Labour 
Ministry of Energy 
Ministry of Pub 1 ic Works 
Environmental Protection Agency 
Armed Forces 
Coastguard 

_P_r_o_v_i_n_c __ ia __ l __ a~g~e_n_c_i_e_s ________________________ Provincial Env~ronmental Protection 
Agency 
Provincial Police 
Provincial Fire Marshal 
Provincial Department of Transportation 
Civil Defence 

Municipal agencies ~ayor/City Council/City Administrator 
------"""-----.>.:...------------------------------Civil Defence 

Fire Department 
Public Works Departmen~ 
- Roads 
- Water Supply 
- Sanitation 
- Flood Control 

Industr Chemical Plants and Petroleum 
·~'------------------------------------

Refineries, as well as users, 
Transporters, Storage 
Facilities 
Spill Clean-up Contractors 
Trade Associations 
Professional/Technical Societies 

Voluntary organizations Red Crescent 
~-------'--__..._ __________________________ ~.Red Cross 

Local Citizens Associations 
Service Groups 

United Nations organizations UNDP 
~-----------------"'----------------------~United Nations Disaster Relief 

Organization 
United Nations Environment Programme 
World Health Organization (especially 
the International Programme on 
Chemical Safety) 
United Nations Industrial Developme~t 
Organization 

-, 
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Existing environmental emergency response plans and activities 

Defined responsihilities and duties 

Existing mutual aid or interagency agreements 

Internal chain of command. 

Once this surv~y has heen completed, the data should he organized in a tahle 

or some other convenient form. This will facilitate an overall assessment of 

the accider.t response capahi!i:ies for the area. Once an area's availahle 

capahilities are known, assignment of planning tasks can commence. 

en-ordination planning: identifying comprehensive emergency responsibilities 

The main ohjective of a co-ordination plan is to establish clearly who is in 

charge, and furthermore, how that responsihility shifts, and to whom, as more 

and more resources come into play. If there is a network of contingency plans 

at different levels and planning is being undertaken at the municipal level, 

one should determine how the municipal plan will fit into the network a~d what 

its limitations are. Hence one should know exactly how far the availahle 

resources can go alone, and when and for what reason additional support is 

reauired. 

Certain governmental agencies may have legal responsibility, jurisdictional 

authority, a charter, an interagency agreement, or they may have heen 

delegated a response role in an emergency situation in some other manner. 

Therefore, when planning tasks are assigned, care must be taken to ensure that 

the assignments are in accord with legally mandated responsibilities and that 

no contradictions or unnecesi:iary overlapping of duties occur. 

The var1011s necessary emergency response functions should he assign ... d to 

agencie~ most logically capable of dealing with them. Some assign~ents will 

he obvious, such as law enforcement and fire protection. However, some duties 

such as transportation or emergency public information services may reauire 

Rome deeper searching in order to determine which agency or agencies is hest 

eouipped to handle the situation. A s11gge11ted list of emergency 

re11ponsihilities is given in Tahle 4. 



Tahle 4. Emergency responsihilities 

o Law er.forcement services 

- ~ity Chief of Police 
- Provincial Police Representative 
- Army Representative 

o Fire protection services 

- City Fire Chief 
- Volunteer Fire Chief 
- Province Fire Marshal 

o Communications and warning 

- Provincial Civil Defence 
- National Army 
- Parks Department 
- Fish and Game 
- Local and Province Police 
- Weather Bureau 

o Puhlic works engin~ering services 

- City/Province Engineer 
P11hlic Works Director 

o Utilities 

- Puhlic Utilities Representative 
- Private Utilities Representative 

o Health and medical services 

- City/Province Health Officer 

o Damage assessment 

- Tax Assessor 
- Records Department 

Ministry of Puhlic Works 

o Transportar.ion services 

- Ministry of Transportation 
- Fleet Supervisors 

Parks Department 
- Fish and Game 

o Emergency puhlic information 

- Chief Executive 
- Mayor/City Manager 
- Province Executive 
- Puhlic Relations Officer 

o Legal services 

- Province/City Attorney 
Attorney General 

o Rescue services 

- Fire Department 
- Police Department 
- National Army 

o Hazardous Materials 

- State Health Official - Civil Defence 
- Nursing Administrator 
- Hospital Administrator 

- Fire Department 
- Environmental Protection Office 
- Ministry of Public Works 

o Welfare Servic~~ Ministry of Transportation 

- City/Province Welfare Official 
- State Welfare Official 

o rersonnel and financial services 

- Personnel Director 
- Finance Director 
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A basic rule should he observed when assigning tasks in preparation for an 

el'lergency: all the tasks that need tv be completed before, during and after 

the emer-gency (not just the response tasks) should he listed first. Under 

those tasks one should list the agency or agencies that can accomplish that 

task. Listing the agencies first and then assigning the most appropriate 

tasks may result in some task being left unattended. 

Each task should be attached to a particular lead agency; other groups can he 

added to offer support. The lead agency should he able to provide for 

insertion into any plan a list of general actions for which they will be 

responsible during emergencies. A compilation of these actions for all 

agencies constitutes the plan. The lead agency may also have generated, for 

its own internal use, a phone roster and an action guide/checklist that 

describes detailed procedures governing that agency's response to emergencies. 
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Cl1apter III. NATIONAL CONTINGENCY PLANNING 

Ind11strial accidf'nts arf' an unavcidahle hy-product of industrialization. L. 

thP vast ma1ority of cases these accidf'nts are limited to the facility and/or 

wnrkf'rs, hecausf' either the type~ of activities at the plant do not pose any 

largf'-scale threat, or the accident is successfully controlled before it 

sprPads outside the plant. Unfortunately, for certain types of industrial 

pst;ihlishments such as refineries or f'Xplosives manufacturing companies the 

pnssihilitv exists, even if extrem~ly remote, that an accident will develop 

intn 2 large-scale disaster. As an example, on 24 Septemher 1977, lightning 

ignited an eight-million-gallon tank of diesel fuel at the Union Oil Company 

rPfinPry in Romeoville, Illinois. SuhsPQuently two additional tanks 

cnnt;iining two million and five million gallons of gasoline were ignited. ThP 

sit11ation was hrought under control aftpr two <lays of fire fighting and 

delivPry nf 20,000 gallons of foam concPntratP aF extinguishing a~ent. 

FightePn firP df'partmPnts were inv~lvPd in thP operations
321

• 

Jn this an<l in many othPr cases the population may he unaffected hy the 

<lisaster, h11t thf' size of the accident reo11ires the ir.tervention of external 

rPsn11rces and manpower. In addition, the economic loss may he staggering. 

National contingf'ncy planning is thf' only effectivf' way to combat large-scale 

industri;il accidf'nts. It requires the mobilization of national resources and 

a co-ordination f'ffort at a level higher than any private companies can 

provide: it reQuires the direct intervention of the government authority. 

ThereforP national contingency pl;inning is a governmental responsibility. 

1'-l;rny public structures, from ministries to fire departments, may he involved 

in its development, elahoration, and implemPnt;ition. 

Tiie reasons for establishing a national contingency plan are threefcld: to 

protect workf'rs and mf'mhers of thP p11hl ic, the industrial resources of the 

country, and the environment, from the conseo11Pnces of industrial accidents. 

Jn gre;itPr detail, a well-conceived national contingency plan will: 

Limit the consequences of an industrial accident in tf'1ms of human lives 

and economic losses 

. 
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Enahle the country to organize and utilize properly the national erner~Pncv 

teams and resources in case of industrial disaste• 

Co-ordinate the emergency response actions hetween the plant 8nd the local 

response teams 

Hake availahle to single industries emergency resources that they wauld 

rot he ahle to ohtain otherwise 

Promote co-ordination activities hetween local intervention teams 

Instil confidence within the industry and the puhlic 

Delineate the authority of the government in industrial safety and 

emergency response 

A. Preliminary planning steps 

National contingency plans are mainly co-ordination plans. Therefore their 

focus will he on the distribution of responsihilities and tasks among the 

parties involved more than on the descriptic~ of specific actions to he takPn 

in case of a maior accident. A hazard analysis will he the first step in th~ 

planning process, followed hy t~e identification of the comprehensive 

emergency responsibilities of the different ministries and agencies. Thes.0 

two steps were introduced in Chapter II. 

nie government should designate a ministry or agency to take the initiative to 

c11i':'!lllence the planning process. Then the representatives of the other 

interested ministries or agencies should he brought together in a series of 

meetings to develop the plan. A suggested workplan is the following: the 

first meeting would make clear the need for such a plan and how everybody 

would he called upon to meet f'Xpected nf'eds. The participants should he asked 

how they could assist during an emergency. Some of those present will have 

capahilities not previously known. Thf'y would then he reoueste<l to indic;,te 

in writing where they can best help. Aft~r the meeting, those in attendance 

would he divided into working committeeH based on the information they 

provided. 

At the following meeting, command organization would he discussed. The 

committees or working groups would then endeavour to identify all agencies, 

groups, or organization" that could provide assi11tance to their command staff 

assigmnent. A li11t should he <levelopP<l of the resources available from each 



- 24 -

agency, how the resources are ohtained (day and night), how they can he used, 

and the approximate amount of time reauired to become operational. The 

committee would send forms to representatives of the groups not in attendance 

so the disaster plan inventory could he completed. The resource lists would 

he collected, edited and compiled. 

At the third meeting the preparation of the contingency plan would he 

initiated. Each committee wo11ld develop a particular section of the pla!l, 

<letailing how the participants and eauipment designated in the resource 

invPntory could best he used. 

The national contingency plan should include a section for each co11111ittee 

f11nction, such as evacuation or safety, and outline the specific duties of 

each participant group and of the various divisions and units within that 

group. For example, the Police Group could contain municipal, provincial, 

national and a11xiliary personnel. The role of each would he designated as 

well as the respon3ihilities of specific units within the group, such as 

traffic, special service, and communications. 

Once each f11nctional group has developed a section of the plan detailing 

responsihilities and duties, the sections must he reviewed for any areas of 

overlap or tasks that have been omitted. Each agency must know its role in 

the command organization and overall operations and where ic would be expected 

to assist. 

R. Command and s .. rvice Rtructures 

Two of the main objectives of a national contingency plan are to define the 

command structure and to organize the different response teams into that 

structure so th.Jt the n11mero11!'! necessary operations could he carried out 

during large scale accidents. A suggested organization chart of the command 

structure ifl shown in Figure 1. 
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Figure 1. Organization chart ,,.,f the command structure 
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l. Accident commander 

The acc~dent c0mmander is responsih.1e for managing all emergency scene 

operations. He should direct the operations from a command post appropriate 

for the magnitude and nature of the incident. From this post he could ohtain 

expert advice and co-ordinate the actions of the operational forces using an 

Pmergency communications syste:n if necessary. 

The comn.ander must co-ordinate fire fighting tactics with other actions such 

as process or pii->eline shutdown, and seek advice from plant or carrier 

personnel with knowledge or specialized training in handling the products 

involved. The accident commander must oversee planning for personnel, 

eouipment, and other outside assistance or sc~port. He must he prepared to 

apply the tactical operations necessary to confine and control the emergency. 

The accidPnt commander hds three primary means of appraising the emergency • 

The first is hy visual ohservation of the emergency scene. If the command 

post is not adjacent to the scene, someone else may make a visual check of t~e 
scenP ;ind rpport to the commander. The third method consists in u3e of 

preplanning information that should he availahle at the command post. 

If it hecomes necessary for the accident commander to leave the command post, 

authority :"hould he delegated to another officer and the commander should 

remain in constant radio contact with him. 

2. Overall commPnd structure 

The accident commander should delegate authority and responsihility at any 

complex, large accident to line and staff officers. ThP commander is th~:-: 
free to develop the overall strategy and make the tactical decisions. 

The line officers are responsihle for achievi~g the ohjectiv?s of the Pccident 

commandPr's strategy such as fighting a fire or evacuating an area. The 

operational line is headed hy thl? line commander. A divisional officer n.ay he 

responsihlP for Pach front of the emergency. 

-1 
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The The staff officers provide technical assistance and support. 

administrative section relieves the commander of performing detail work 

associated with the accident. The planning section develops alternative 

strategies and tactical approaches for the commander's review. The logistics 

section co-ordinates and aco11ires needed supplies, eouipment, and personnel. 

Such an organization may he necessary in hazardous material accidents where 

many op~rations are involved. 

3. Line operations 

The ope1ation line commander is the on-site tactical commander and has 

immediate responsihility for removing injured or exposed persons and limiting 

the spread of the fire or hazardous material. He reports to the accident 

commander. His suhseouent responsibilities include decisions about: 

The type of operation: co~trol, attack, or withdraw 

Resources needed hy each group to carry out these operations 

Escape routes to safe areas and appropriate retreat signals 

Handling unexpected hazardous situations 

How long pe~sonn!l are to stay in action hefore rotEtion or heing relieved 

The operations at large accidents can he divided into geographical areas of 

appropriate size with division commanders. Sector commanders (Fig. 1) can he 

assigned to these geographical areas or to specific functions (e.g. evacuation 

or decontamination). 

The responsihility of a line command 0fficer should he to supervise the crew 

and co-ordinate its actions with other companies so they do not work against 

each other. The crew must fu1r:tion as a team; the offic..er should he concerned 

at all times with the safety and protection of the crew from ~xposure to toxic 

f11mP inhalation, poison ingestion or ahsorption, pressure vessel rupture, 

corrosive action, or explosion. 
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4. Supporting service~ section 

The supporting services section includes a communications officer, medical 

officer, safety officer and information officer. They assist the incident 

commander in handling the details associated with an emergency accident. This 

section directs radio land line communications (including those to other 

agencies), treats the injured, maintains overall safety, and handles the media. 

Communications officer. The communications officer must estahlish 

communications with all units responding and on the scene, outside agencies 

and technical information sources. He handles all transmissions into the 

command post and dispatched from it. The operation line commander must 

provide constant, specific and timely feedhack to him. 

The communications officer should ohtain a detailed list of telephone numhers 

of local people (such as MD's) ancl outside agencies which may have to be 

called. In many cases technical assistance may have to he reouested from 

emergency response centres as descrihed in Chapter V. 

The communications officer should also know where to ohtain additional 

eauipment such as power megaphones, portahle radios, power antennae, mobile 

telephones, or an emergency switchhoard. 

Medical officer. The medical officer is r~sponsihle for providing first aid 

to those rescued and making sure that they are promptly transported for 

treatment. He may have to establish an aid station to take car~ of victims or 

injuries; for major accidents, it may he necessary to set up an entire field 

hospital. If necessary he will reouest the supply officer to obtain medical 

supplies, resuscitators, oxygen, and amhulances. He should have complete 

knowledge of local hospitals and notify them accordingly so that one is not 

overcrowded while another awaits victims. 

r:1e medical officer must alno co-ordinate with a coroner on idP.ntification 

procPdues, removing hodies, and estahlishjng a temporary morgue. In 

Rituations of lesRer magnitude the dutieR of the safety officer and the 

medical officer may he comhined. 
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Safetv officer. The safety officer is responsihle for the life safety of 

everyone; emergency response pE':-sonnel at the scene, the p11hlic in the area 

and spectators. He ascertain whether there is a potential risk from hazarJous 

materials. Other duties are; informing the .:ccident command 0 r of !'afety 

prohlems; assisting in strategic and tactical planning; and reviewing al~ 

sector status reports to identify danger. The safety officer must have the 

a11thority to stop unsafe operations immediately if deemed necessary. He 

sho11ld make sure that special protective clothing 1s worn when necessary. HP 

may also have to establish crowd control lines or decontamination procedures, 

alor.~ with monitoring the condition of everyone working on the scene. 

The safety officer liaises with law enforcement officials in order to block 

off the area, re-ro11te traffic, and restrict access to the accident sce~e and 

the command post. 

Information officer. The information officer is responsihle for working with 

the news media and seeing that proper and correct information is gi~en out. 

He should provide accurate information so that erroneous or emharrassing 

statements are not placed on the news wires. He should decide where the press 

will he allowed to go. It may he advisahle to hold news conferences if the 

emergency continues. Adeouate telephone lines in addition to those for thP 

command post should he estahlished for the media. 

5. Planning section 

The planning staff consists of the resources officer, conditions officer, and 

water supply officer. They are responsihle for assisting the accident 

commander hy developing alternative strategies and tactical operations. The 

planning is done in co-ordination wit~ the coMmanders of the logistics and 

operation line sections. The planning r.ection must also i::onsider and present 

alternatives on how the operation line section can he divided into divisions 

and sectors; what eoui·;>ment and personnel should he held in reservf'; the 

location of the staging area (where the reserve eouipment is kept); possible 

accident spread, safety, and special prnhlems; co-ordination of planning with 

liaison, logistics, a~d operation line sections; and plans for the safe 

location of the command post. 
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Resources officer. The resources offict>r determines the number of companies 

that have responded or are en route to the scene of the accident. His duties 

are recording arriving coml>anies and keering track of their assignments, and 

supplying the accident conmander with current resources, including what 

companies are actually available for assignment. He also maintains the chart 

of the command post staff assignments. 

Conditions officer. The conditions officer keeps record of what is happening 

on the scene and prepares progress reports of the situation for the accident 

commander. The reports should include the area involved, possibility and 

direction of spread, progress of the operation line forces, and any special 

factors, such as rerouting of traffic, arrival of special extinguishing 

agents, or evacuation procedures. The conditions officer should maintain an 

overall cactical control chart, which would detail the location of companies 

at the scene and their assignment. This chart would also show the sectioning 

of the accident fronts, the positioning of apparatus, and attack positions. 

A variety of records must he kept at the command post during a hazardous 

materials situation ~nd a record system should he preestahlished. Records of 

all decisions should he clear, establishing who made it, and why. Records 

will assist in planning for the next accident and point out areas in need for 

improvement. They will also serve as a justification f~r any monies spent 

during the accident. 

Water supply officer. The vast majority of industrial accidents include 

fires. In such cases, a staff officer should be assigned the task of making 

availahle to the response teams the most common fire extinguishing agent: 

water. The water supply officer performs numerous functions such as 

determining the location, accessihility, and ouantities of water available 

from all usable sources, evaluating the accident water reouirements or 

ouantity needed for the planned operations, and initiating water supply 

operations to overcome deficiencies. 
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He should ohtain maps indicating storage capacities, main sizes, hydrant 

locations, and flows available in various areas. i"'he water supply officer 

will need to know apparatus capacities, locations, number of lines in 

operation, pressure drops, residual pressures, availqble hose, and discharge 

ports. His duties overlap the duties of line operations. 

h. Logistics section 

The logistics section consists of the liaison officer and supply officer. 

This section is responsihle for providing personnel and material for the 

duration to control the hazardous material emergency. 

Liaison officer. The liaison officer co-ordinates the actions of the outside 

agencies who can offer assistance to the emergency response team. The officer 

should ~now who represents the various agencies and where and/or how to 

contact them. 

Some of the agencies with whom liaison will he maintained include law 

enforcement; rescue or emergency medical se~vices; local government officials; 

utility company personnel, especially water, sewer, telephone, and electrical; 

health officials, hospitals, and ambulance services; the city lawyer for leo,al 

advice, if n~cessary; local, environmental agencies; local contractors for 

heavy eouipment; service groups for facilities if evacuation of l~rge numbers 

is necessary; manufact11rers' representatives or trade association officials 

who respond to provide technical assistance. 

Because of the number of agencies involved, the liaison officer will he in 

charge of any evacuation operations necessary. 

Supply officer. The supply officer maintains the staging area where the 

rescue eou1pment is kept. He will acauire, store, and record all resources. 

The supply officer sends tools, eouipment, personnel, and apparatus to the 

line sections at the scene of the accident on orders of the accident 

commander. He must then inform the resource officer of the assignments. 
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The supply officer must keep an inventory of eauipment and aake sure that 

supplies are maintained. Eauipment and material that might be needed during 

cin emergency would he: breathing appciratus; generators and lights for 

nighttime operations; special protective clothing; ample supplies of 

extinguishing agents; eauipment for damming ~nd diking, such as dump trucks, 

front loaders, and hulldozers; extra supplies of hose; cranes and tow trucks; 

floating hooms or ahsorhing materials for oil or chemical spills; 

decontamination or neutralizing materials for corrosives, poisons, or 

pesticides (these could include lime, soda ash, and chlorine bleach to name 

only a few); normal supply of gasoline, diesel fuel and oil. 

C. Actioos under the National Contingency Plan 

National contingency plans are comprehensive plans geared towards the 

orga~ization of the emergency resources rather than the description of 

specific actions to he taken. More detailed guidelines can he found in 

response plans developed hy emergency response teams or industries (see 

Chcipter IV). Only general indications can he given on how to handle a major 

emergency. Some of these indications are given below. 

1. Activation of the plan 

The seouence of events which culminates in the implementation of the national 

contingency plan is, in genercil, the following: 

;i. The first alarm is commu:1icated to an emergency response team such as 

police or fire fighters which arrive at the scene of the accident and 

begin the response operations. 

h. Th1! cmmiander of the response team dee ides that resources are not 

sufficieut to hring the accident under control. He asks for 

reinforcement from, for example, other fire departments in the same area. 

c. The joint response team still cannot control the accident. The accident 

commander alerts the authority in charge of activating the national 

contin~ency plan. 

d. An emergency is declared and the implementation of the plan begins. 

Of course, the ~ccident commander can alert the authority who has the power to 

activate the plan and aRk for its implementation in any phase of this seauence. 



- 33 -

ThP ;p1thority in char~P of activating thP plan will hP, in gPnPral, a high 

ranking C1ffici>r of thP administration, most likPly in thP Ministrv of 

Interior, or any rQuivalrnt authoritv. Alternativrly, this autho-itv can hP 

drlegatrd tn thr reprPsrntatives of this ministry at the provi~cial lrvrl, in 

order to acc'elPrate thr wholr procedure. 

Thr authority who activates the plan is also the person in charge C1f thP 

oprrations·. This command rrsponsihilitv may he drlegatrd to another officer 

especially drsignatrd for this joh. 

., 
'. F.st;:i't-·1 ishrrrnt of thr command post 

Thr cnmman<l pc·st is thr nprrating crntre frnm which definitr cnntrnl nf the 

acciciPnt is rxrrcisPd and maintainrd. All intelligrnce, feedhacl<, and 

informatinn will he dirrctrd tCI this one place. 

Jn or<lrr tn co-ordinate thP actions of the responsr trams at thP accicent 

location, an :idvancrd command post could also be established an<l placPd under 

the authority of the operation line commander. All division or sector 

conr.i.on<lf'rs shn11ld give perindic progress reports to the advancrd cnmmand 

post. ·inp rrports should includP the current accident situati0n and control 

prohahility, any rescue or evacuation procedures, safety concerns, the 

condition of thP arPa affpctrd by the accident, any furthPr resourcr 

rPq11irPr1rnts, and any spPcial developments in the hazardous situation. 

Thf frrdhacl< providrd hy the operation 1 inr commandrr and hy thr officers in 

charge C1f thr different srctions is then channrlled to the accident commander. 

1. DPvP]opmrnt and implementation of responsr ~~ratrgy 

On the hasis nf all thr information obtained, the accidrnt commandrr will 

devPlnr thr accidrnt response stratrgy. Grnerally speaking he has thrre 

options: control thr accident, attack it (r.g. a firr), or withdraw. 1~e 

actual r.trau·py 1nay hr a comhin;ition of thesr thrrr e!emrnts. The rrsponsr 

actinns arr lil<rly to hr rather complrx and co-ordinatrd activitie~ carried 

0111· hy the rf'sponsr trams. Thrreforf' a df'tailed account is impossihlr. 
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Manv prohlPms ar1sP tn the decision makin~ procPss during an accident. Most 

of them are attrihutahle to lack of information (or lack of correct 

information) and cmnmunication prohlems. Examples are jJOssihle unknown 

products, places that cannot ~e sPen or easily rPached (a train may hi P ~ile 

or longer i!'1 lPngth), allowing respondiniz units to hecome committed before 

heiniz given a dPfinite assignment, difficulties in co-ordinating multiple 

companies, multi-department or multi-agencies operations, and hesitation in 

decision making. 

4. Evacuation 

Fvacuation is considered to be the removal of all private citizens, including 

puhlic officials, press, nonessential employees or officials, and all 

non-working emergency response personnPl from the immediate area of danger. 

Evacuation may he necessary downwind for gases and vapours, downgrade for 

liauids or high vapour density gases, or in a circular area for products ::hat 

polymerize, rupture, or explode. A simple rule of thumb is to initiate 

evacuation for at least one mile. In laq~er metropolitan areas evacuation in 

al 1 di?-Pctions for onP mile would he a major i.:ntertaking requiring a 

considerahle amount of time to accomplish. 

Fvacuation, especially when dealing with largf' numbers of people, immediately 

develops numerous difficulties and problems. Many Questions must he answered 

in the planning stage hy estahlishing procedures or strategies to meet thesP 

prohlems. Some of the questions are; 

How to alert the people effectively? 

How tn handle persons who will not want to move unless they can see the 

imminPnt dangPr? 

How will large groilps he moved? (for example, Chicago oncP had to 

pvacuate 16,000 pPrsons from a silicone tetrachloride cloud21./) 

How \Ji 11 persons i:. the area he moved if they cannot drive because of 

visibility? 

How •..,1ill the public he mov?d, if it is necPssary, through a vapour 

cloud? Floth this and the routing rPconr.nendPd under tht> circumstances may 

neP<l coni;ideration heforP Pvacuation is initiatPd. 
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How will the final check he made to see that everyone has left the danger 

area, especially at night? 

Where will sufficient personnel he drawn from in a minimum of time to 

perform an adeouate evacuation? 

How will th~y he trained for search and evacuation? 

The personnel to do evacuation work may be a critical factor. In many 

situations the fire service will he concentrating on the control of the 

situation and will only he ahle to complete evacuation in the immediate 

proximity of the emergency. Police lines should he set up at the designated 

perimeter and no one allowed into the area. Police should also take care of 

the evacuation procedure. 

5. Restoration of services 

The accident commander may also he reouired to co-ordinate the restoration of 

services. A numher of vital services could be impaired hy the accident, thus 

.::reating minor emergencies of their own. Examples are contamination of the 

ground water tahle supplying wells or the water source for a community's water 

filtration plant. Auxiliary water supplies will have to he provided for the 

pop11lation. This could possihly involve fire department operations. Another 

example would he the restoration of electrical power. The fire department may 

have to supply emergency lights or power for vital operations while awaiting 

the intervention of the power company people. Numerous other services 

reouiring the assistance of the fire department and co-ordination of the 

accide;it commander might he necessary to hring the accident to a successful 

complPtion. 

D. Legislation and standards 

ThP Pxistence and enforcement of a proper legislation on industrial plant 

safety and accident prevention is a necessary prereouisite for the preparation 

of national contin~ency plans. 

Jn ordPr to haVf• a clPar picture of th., industrial situation of the country, 

the government could make a census of the local industriesl2
1• 

Questionnaires and plant inspections by technical government represpntatives 

could hp utilized for this purposP in or<lpr to learn: 
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l. Information relating to the installations, such as; 

Type of industrial activities 

The geographical location cf the installations and predominant 

meteorological conditions and sources of danger arising from the location 

of the site 

The maximum numher of persons working on the site of the establishment and 

particularly of those persons exposed to the hazard 

A general description of the technological processes 

A description of the sections of the establishmenL which are important 

from the safety point of view, the sources of hazard and the conditions 

under which a major accident could occur, together with a description of 

the preventive measures planned 

The arrangements made to ensure that the technical means necessary for the 

safe operation of plant and to deal with any malfunctions that arise are 

available at all times 

2. Information on the substances present at the installations, such as; 

Substances stored or used in connexion with the industrial activities 

Final products, by-products and residues 

Data on suhstance identification (i.e. chemical and trade names, empirical 

formula, composition and degree of purity) 

The stage of the activity in which the substances are involved or may be 

involved 

The Quantity (order of magnitude) 

The chemical and/or physical behaviour under normal conditions of use 

during the process 

The forms in which the substances way occur or into which they may be 

transformed in the case of abnormal conditions which can be foreseen 

If necessary, other dangerous substances whose presence could have qn 

effect on the potential hazard presented by the relevant industrial 

activity 

Detection methods available at the installation 

Methods available at the installation for rendering the substance harmless 

Indication on hazards to man and environment 
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3. Information relating to possihle major accident situations, that is to 

say: 

Emergency measures laid down hy the manufacturer in the event of accident 

dispersion of dangerous suhstances mentioned in item 2 

Emergency plans, including safety eouipment, alarm systems and resources 

available for use inside the establishment in dealing with a major accident 

Any information necessar;· to the competent authorities to enahle them to 

prepare emergency plans for use outside the establishment 

Tiie names of the person and his deputies or the oualified body responsible 

for safety and authorized to set th~ ~mergency pl3ns in moti0n anc to 

alert the competent autborties 

The governmFnt could also reou1re that serious industrial accidents he 

promptly nctifiP.d so that steps can he t~ken to alleviate the conseouences 

(including long-tPrm) and prevent the recurrence of such accident. Examples 

of seri,"lus accidents are: 

Any accident which causes death or results in disablement for more than a 

~1ven time (e.g. 3 days) from a person's regular joh 

Fires or explosions due to vapour, gas or dust which result in damages to 

the workroom or eouipment and which cause more than a fixed down time to 

the p~ant (P..g. 5 hours) 

ReleasP of toxic suhstances in the plant or the environment hey0nd limits 

determined for edch suhstanct 

Information on the accident should he supplied hy the manufacturers to an 

oppositely delegated agency and he concerned with: 

Type o! accident (explosion, fire, toxic release) 

Description of the circ11mstances of the accidents 

Dangerous substances involved 

Nature and extent of damage to persons' properties and environment, hoth 

within and m1tside the plant 

Causes of the accident 

Data available for assessing the effects on man environment 

-1 
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There are certain indust~ial activities which are more liable than others to 

cause major accidents. The government could recognize this by means of a 

le~islative act which classifies industries according to the threat they pose 

to man and environment. This classification could divide industrial 

activities in hroad groups (e.g. chemical industries) or narrower groups (e.g. 

explosive manufacturing industries). Th£n, regulations could he set on proper 

desi~n, operation, and maintenance of the plants. In particular, regulations 

sho11ld deal with suhjects such as plant spacing and layout, ventilation of 

noxious proct>sses, control of dust, sources of ignition, pressure relief 

eo11ipmt>nt, entry intc vessels, first aid eouipment, training, and dangerous 

practices. Reouirements could also he drawn for specific processes such as 

sulphuric acid or caustic soda manufacturing, 

Standards and codes of practice could also he defined for handling, storing or 

transporting certain classes of dangerous materials, such as petroleum 

products. 

Licencing of new industrial estahlishments and related planning activities 

should he the competence of governmental or local agencies. Periodical 

inspection of existing plants should also he carried out. 

The man11facturers could he reouired hy law to prove to an established 

competent ag~ncy, at any time, that they have identified existing major 

accident hazards, adopted the appropriate safety measures, and prov~ded the 

workers on the site with information, training and eouipment in order to 

ensure their !H~fety. The preparation of plant contingency plans could he 

considered as part r f these protective measures and he reouired ,at least, to 

some especially d.:·1gerous industrial estahlishments. 

Specialized governmental agenciet1 or ministries could also he mandated hy law 

to prepare municipal provincial or national contingency plans. In this case 

the procedure descrihed in section A could he followed. 

Tf existing, the Hini11try of Civil Defence (or any eouivalc~nt governmental 

agency) will mo11t likely he put in charge of estahlishing contingency plans 

for major ind11strial accidents, as a part of a general scheme concerning the 

assistance t.o the populations affpctPd hy natural or man-made disaKters. 

-1 
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Legislation on transport of hazardous material deserves special attention 

hecause of the most likely international implication. If not previously 

agreed upon, each country may reauire that dangerous good arriving at its 

frontiers he properly packed, lahelled and carried according to its own 

peculiar national regulations. Therefore international agreement should he 

established concerning: 

The list of substances prohibited for transport by road or hy any other 

means 

Special measures to be adopted when transporting certain classes of 

material 

Special reouirements for the construction of the carrier vehicles, train 

cars, or barges 

Labelling, placarciing and packaging systems for hazardous materials 

transport 

The regulations adopted hy the memher states of the European Economic 

Communit~/ represent a good example of international legislative agreement 

on this subject. 

E. Provincial and municipal contingency planning 

A national contingency plan, as descrihed 1n this chapter, should only be 

utilized in case of a major disaster. For smalier-scale major accidents 

municipal or provincial resources might he enough to bring the accident under 
35/ 

control~ • Contingency plans Luuld also he drawn up at these levels. The 

authorities or agencies in charge of preparing and implementing them should 

th~n he the appropriate ones operating at the provincial or municipal level. 

The procedures for preparing, organizing and implementing the plans are 

nevertloeless similar to those for a national plan, with self-evident 

modifications. Therefore this chapter can also he utilized for this purpo~e. 

F. Hospital contingency planning 

The number of casualties caused by a major emergency could he so elevated in 

some cases, that the local hospitals may he overhurdened. Therefore, each 

hospital management should also develor a contingency plan so that all the 

available resources may he mohilized and properly used in such events. 
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Although a detailed presentation is heyond the scopf of this document, a 

hospital contingency plan should include a telephone roster of all the medical 

pPrsonnel listed acccrding the the proximity of thtir reside,ce to the 

hospital. For example, the University Hospital 1n Ghent, Belgium, has a 
7/ 13-page emergency admittan~e plan bound with a red cover- • Tile plan is 

updatPd annually. In recent years the plan has b~en activated five times due 

to emPrgency admittance of fifteen or more persons following an accident. One 

accidPnt involved 17 injured persons resulting fro~ the transport accident of 

a ~ruck carrying inflammahle industrial gas. In another accident 33 persons 

were admitted aft2r inhaling chlorine gas relear.ed in an accident at an 

industrial plant. 

G. Summary of the m.:lin objectives of a natior.al contingency plan 

In summary, the objectives of a national contingency plan should be: 

Co-ordinate and unify the actions of different governmental ministries and 

agencies in case of a major industrial accident 

Estahlish the authority(ies) responsible to declare a major emergency 

Identify the responsibilities of the different ministry or agencies 

involved 

Identify the resources that could he mobilized if necessary 

Establish how responsibilities shift as more resources intervene to combat 

the accident 

Establish how provincial, municipal and plant contingency plans are going 

to fit into the national plan 

Identify and organize the different services or eectione 1n charge of 

implementing the plan (e.g. the supporting services, logietic, planning 

sections) 

DefinP the procedure to be followed tu upda~e the plan and carry out 

trainin~ exercisee 

Identify the funds available to cover the expenees incurred as a result of 

the emergency operatione 

1 

I 
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Chapter IV. PLANNING AT THE PLANT LEVEL 

No matter how carefully designed and properly operated, every indust<ial 

installation will have a finite probability - maybe exceedingly small - of 

running i~to an emergency, as a conseouence of mechanical failure or human 

error. The establishment of an emergency plan is 1n the very best interest of 

a company. Plant contingency planning is that part of the loss prevention 

system designed to minimize the effects of an industrial accident before it 

spreads outside the plant itself. A sound system of industrial emergency 

contingency plans, developed hy the industry people at the individual plant 

level, is the huilding block of the response capahility of a city, province or 

nation to industrial emergency situations. 

In many countries companies are under no legal reouirements to establish and 

maintain an emergency contingency plan, even though some health and safety 

aspects of the manufacturing process, which may well be considered an integral 

part of emergency planning, could be covered by specific legislation. 

Regulations concerning the number and location of fire extinguishers are just 

one example. 

Industrial emergencies can he classified in two broad categories: the first 

consists of emergencies which can he handled by means of personnel and 

material resources availahle at the plant; the second consists of major 

emergencies that may affect several departments of a plant and cause serious 

injuries, loss of life, and extensive damage to property. Outside resources 

are needed to hring major emergencies under control. 

The reasons for and the objectives of plant contingency planning are discussed 

in Section A below. The other sections are devoted to the id~ntification of 

the preliminary steps in the planning process, command structure during 

emergencies, and emergency procedures for industrial accidents of different 

gravity. 
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A. Motivations and objectives 

Companies may develop their own contingency plans not only in order to 

establish a safer environment for the workers and population living nearby 

(who could he involved in an industrial accident spreading outside the 

facility), but also in order to meet certain economic considerations. A 

well-rehearsed emergency plan will: 

Familiarize personnel with the plant, layout, fire fighting eauipment, 

and special tasks to be performed during an emergency 

Instil confidence and reduce panic when an emergency 

occurs 

Reduce casualties among plant workers and/or members of the public 

Reduce liability compensation due to casualties and/or outside damages 

Limit damage to the plant 

Help identify existing hazardous processes, materials or procedures 

Suggest new methods of reducing hazards (e.g. introducing new safety 

devices, working devices or procedures) 

Help reduce insurance premiums 

The objective of any industrial emergency plan should be to make maximum use 

of the combined resources of the plant and outside services (in case of major 

accidents) in order t;!:};./: 

Rescue and treat casualties 

Safeguard other people 

Minimize <law.age to property and environment 

Contain and control the incident 

Identify any dead 

Provide for the needs of relatives 

Provide authoritative info1:n.ation to the news media 

Rehabilitate affected areas 

Preserve relevant records and eauipment for any subseauent enauiry 

into the cause and circumstances of the emergency 
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B. Preliminary planning steps 

Before preparing the detailed plant contingency plan, management will first 

need to carry out a hazard analysis of the plant, followed hy the 

identification of the resources available or necessary tc fight those 

hazards. Details on hath points were given in Chapter II. The use of 

checklists is prohahly the most widespread and easiest way of conducting a 

hazard analysis (see Tahle 2). However, even the most appropriate and 

accurate checklist will not he effective in identifying hazards in the plant 

unless: (i) it is used (and not left on a shelf), and (ii) used properly so as 

to ensure nothing has heen neglected and all reasonable hazards have heen 

identified. There is no suhstitute for the inauisitive mind of a planner 

searching for hazards. In addition, plant officials who are thoroughly 

familiar with their eauipment are probahly more aware than anybody else of 

some of the hazards already present in tl1eir .,lant. Safety audits can be an 

effective way to identify hazards in industrial plants (previously descrihed 

in Chapter II). 

An examination of the facilities, procedures and operating history of a 

manufacturing plant is therefore essential in determining how a potential 

industrial accident can he prevented or detected and controlled. 

Nevertheless, previous experience has shown that certain eouipment or 

36/ procedures are systernatica 1 l.y more hazardous than others. Examples are-- : 

Transfer, loading and unloading facilities, including procedures 

for moving chemicals to and from storage tanks, trucks and rail cars 

Snurces of process upsets, and process start-up, shutdnwn and clean-up 

procedures 

Eo11ipment and storage tank diking, surface drainage routing, and 

sewer system layout 

Past history of individual departments with spillages 

Proper personnel training and orientation may also reduce accidents. A study 

on the suh jP.ct
361 

revealed that 58 per cent of all the spi 11 accidents 

occurring in a large company were caused hy human error and the remainder hy 

lllf'chanical 

-1 
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failurP. A more dPtailed study of the mechanical failures carried out hy the 

same authors revealed that ahout half could he attributed indirectly to human 

err0r, such as faulty design, wrong construction materials, and improper 

mainten<ince. Th.is human failun> of some sort was probably responsible for up 

to 80 ?Pr cent of the spills reported. 

The preliminary hazard analysis should also assess the potential for loss and 

damage outside the plant, and take account of: 

Population densities in the areas l~kely to he affected 

Location of rhe incident in relation to built-up areas and 

other sourcPs of hazard, such as neighbouring plants or tank farms 

Prevailing winds 

Possihle contamination of drains, crops and water supplies 

Possihle pffects of the coilapse of tall structures 

As a res11lt of these preliminary steps, management should then he able to 

answer the following questio1.s: 

\..'hPre, whithin the plant, is there the potential for a major 

emergency, e.g. as the result of fire, explosion or large-scale 

relea~e of ha?ardous material? 

r.iven the potential, what are the possihle consequences in terms 

of risk to people and spread of damage? 

How adpquatp arP existi11g resources and arrangements to handle the 

most serious foreseeable emergency? 

What furthPr prov1s1on or action is needed? 

Only after a satisfactory answer to each of these questions has been obtained 

can prPparat ion nf the cont ingPncy plan commence. 

-1 
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C. Key personnel and command structure 

Essential to the proper functioning of a contingency plan is a clear 

definition of who does what, when and how in case of an emergency. Even more 

essential is the definition of who is authorized to take important decisions 

such as dt>claring a major emergency which reauires the intervention of a 

response team froa: outside the plant. For reason of simplicity, assignment to 

po•t• in a contingency plan <hould follow the nonoal chain of command in th• . . 37/ 

plant. The plant manager should head the emergency organ1zat1on-- • 

Adhering to this practice will m1n1m1ze the training necessary to ensure 

co~petent leadership during the emergency. Decisions and authority will be 

accepted more readily hy the plant's personnel because they have always 

operated under this authority. This recognized leadership will instil 

confidence and prevent panic. 

In '2'.';ergency situations, decisions will almost certainly have to he taken 

which may affect the whole or a substantial part of the plant, and, in a major 

emergency, places outaide. In the latter case, many of the decisions will he 

taken hy the plant manager in conjunction with senior officers of the response 

services, such as police or fire brigade. 

Tht contingency plan should also provide for the presence of a person who is 

in charge 0f the emergency until the ?lant manager arrives at the scene of the 

accident. Since this person may he called on to take decisions invol~ing the 

whole plant, it is necessary that he have a thorough knowledge of the plant 

~ituation. The s'hift manager is prohahly the best person to direct the 

emergency operations at the first stage of the emergency. Thus, 

round-the-clock coverage of the com:mind post is achieved. 

D•puti« should also be appointed to provide cover for any ocoa"on when th• 

plant or the •hift manager• may he ar• away on holiday, ,ick leav•, o< oth•< 

h11sint>ss. Deputies should also he ahle to take charge, should managt>rS hecomP 

incapacitated as a result of the emergency'!:l./. 

Other plant personnel will also have key roles in providing advice to and 

implementing the decisions made hy thl~ senior manager in the light of 
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information received. The key personnel will inciude the s~n~u1 wanag~rs 

responsible for production, engineering, technical services (including 

laboratories), personnel (including medical services), transport, safety and 

security. As necessary, they will decide on the actions needed to shut down 

plants, fight fires, evacuate persJnnel, carry out emergency engineering work, 

arrange for supplies of eouipment, carry out atmospheric tests and liaise with 

police. 

There must also he depth of personnel in all positions in the plan so as to 

ensure that each position is manned. Enough people must be assigned to each 

position so that at least one person is at that position at any given time and 

that sufficient manpower is available to cover a prolonged emergency. 

A plant should have one or more emergency souads composed of personnel from 

operations, maintenance, line management and guard force, all of whom are 

specifically selected and trained in emergency control technioues and 

eauipment. The exact number of employees on an emergency souad varies in 

relation to the potential hazards and their size. 

F.mergency-souad members must be thoroughly trained in comprehensive first-aid 

treatment, handling of breathing apparatus, and emergency rescue procedures. 

They must be familiar with station and ambulance first-aid eouipment. They 

must also learn to recognize the different types of fires, available 

extinguiGhing agents, the proper protective clothing for fire fighting, and be 

familiar with firefighting eouipment, including hoses, nozzles, portable 

extinguishers, wheel units, fire trucks, and the plant'e fire-protection 
37 / systems- • 

ln sections of the plant affected or likely to he affecced by the accident, 

th~ emergency souad, under the guidance of a shift superintendent, will 

attempt to fight fires, isolate eouipment from which flannnable or toxic 

material is leaking, plug leaks of hazardous material, and, in general, try to 

hring the situation under control. Meanwhile, in those parts of the plant not 

itmnediately affected or deemed to he at risk, other essential personnel must 

he ready to carry out an emergency shut-down. Individual plant procedures 

should detail the actions to he taken for an emergency shut-doW\1 and the 

personnel needed to perform it. Any special protective eouipment which may he 

needed, such as clothing or breathing apparatus, should be readily 

;ivai lahl?.21.I. 
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If need be, other workers will have to be delegated to carry out essential 

work which may include: 

Providing extra first-aid services to deal with casualties 

Performing emergency engineering work, su~h as the provision of extra or 

replacement lighting, isolating eouipment, and providing temporary by-pass 

lines 
Transporting eouipment to the accident from other parts of the works 

Moving tank~rs or other vehicles from areas of risk 

Acting as runners in case of communication difficulties. 

In affected and vulnerable sections of the plant, all non-essential workers 

should be evacuated from the area and assembled at specified assembly points. 

The need to evacuate non-essential workers from areas not immediately affected 

will he determined by the size of the plant and the rate at which the incident 

may escalate. 

In medium-sized or large plants provision should he ma~e to estahlish an 

emergency control centre from which emergency operations are directed and 

co-ordinate~~./. It will he manned hy the plant managers, key personnel, 

and also senior officers of the outside services, in case of a major 

emergency. 'l11e centre should he sited in an area of minimum risk, in so far 

as this is possible, and close to a road to permit ready access hy a 

radio-eouipped vehicle for use if other systems fail or extra communication 

facilities are needed. If necessary, the police will assist in setting up an 

emergency control centre. An emergency control centre should he eouipped with 

adeouate mean~ of communication to areas inside and outside the works together 

with relevant oata and eouipment which will enable those manning the centre to 

plan accordingly. 

An emergency control center should therefore contain: 

An adeouate number of telephones 

An adeauate number of internal plant telephones 

Radio eouipment 

A layout of the plant showing: 
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Areas where there are large inventories of hazardous materials, 

such as tanks, reactors, or drums, as well as the location of 

compressed gas cylinders 

Sources of safety eouipment 

Fire-water system and alternative sources of water 

Stocks of other fire-extinguishing media 

Works entrances and road system, updated at the time of the emergency 

to indicate any road which is impassable 

Assemhly points and casualty treatment centres 

Location of the plant in relation to surroundir.g commu;iity 

Additional copies of the plant layout on which the following may be 

illustrated, during an emergency: 

Areas affected or endange~ed 

Deployment of emergency vehicles and personnel 

Prohlrm ~reas such as factured pipe-Iine5 

Areas pvacuated 

Other relevant information 

Note pads, pens, and pencils to record messages received and any instructions 

for delivery hy runner 

Nominal roll of employees 

List of key personnel, addresses and telephone numbers 

D. General emergency procedures 

Reauirements for individual plant procedurPs will vary according to 

circumstances and will take account of: 

Size and complexity of the plant 

N11mher of employeeR 

Materials h3ndled 



Nature of the process 

Location of thL plant 

Availability of physical resources 
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Because of the wide variation in these factors among industrial plants, it is 

not possible to set out a detailed procedure applicable to all. An emergency 

plan must be tailored to the needs and capabilities of a particular plant. 

Therefore, only plant officials and personnel can really design it.. Despite 

the many types of possible accidents and disast£rs that may occur, the premise 

upon which an emergency plan must be built is that of simplicity. The more 

complicated and detailed the plan is, the less likely its success during an 

emergency. 

Other elements often useful in plant contingency plans are outlined below. In 

combining these elements into a co-ordinated plan, account should be taken of 

the shift structure of the plant personnel to ensure that, in the initial 

stages, people nominated to take the inunediate measures are always present. 

The final procedures should be sufficiently flexible to allow for the widely 
. . 38/ 

differing circumstances accompanying an emergency-- • 

The plan should alsc take into account the possibility of a major emergency 

being declared, with the intervention of outside resources, material and 

personnel. Hence, the plan must be flexible enough to he integrated with 

other municipal or provincial response plans. 

The seauences involved are: 

1. Raising the Alarm 

It is the practice at many plants that any employee can raise, or cause to be 

raised, an emergency alar~/. This has the advantage of permitting the 

earliest possible action to he taken to control the situation which, in turn, 

may avoid the development of a ma1or emergf!ncy. It also provides, where 

appropriate, for early notification of the emergency to the outside emergency 

AerviceA. 

The choice of a suitable alarm sybtem will <lepend on local circumstances and 

wi 11 ht- influenced by the size of the plant, variety of hazard, 
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Fssential requirements are that there should be an adequate number of readily 

identifiable points from which the alarm may be rai.>ed directly or indirectly 

(e.g. by telephone to the plant emergency control centre) dnd that the alarm 

should he audible throughout the plant. In areas where there is a high level 

of noise, it may he necessary to supplement the acoustic alarm by other 

systems, e.g. flashing lights. 

The alarm si1011ld do more than just warn: it should also instruct. Ti: should 

tell anyone who hears it what to do. People with specific assignments should 

go to their duty stations. Those who de not have assignments should go to 

assembly points where they are given further instructions. If th., alarm and 

its message are kept simple, people will tend to react calmly rather than 
. 37/ 

panic- . 

2. Implementing response actions 

Once the alarm has heen raised, the emergency squads should rapidly reach the 

scene of the accident and implement the emergency response action. In so 

doing, they may utilize some action guides (as described in Chapter II) which 

should have heen included as a part of the general response plan covering the 

plant. The actions will vary depending on the nature of the hazard, hut in 

most cases the will consist of fighting a fire or controlling a material 

spill. Fire is by far the most COllGlon hazard, and any emergency plan must 

provide for fire protection, rescue and first aid services. These services 

should he hased on the organizations that already exist for handling less 

serious emergencies. Almost all plants have some provision for fire 

protect ion. Whatever the arrangement, the emergency sqriad shou Id make up the 

core of the emergency group. They would answer the alarm for a ma]or 

emergency in much the same way they would for a small one, with which they are 

morp familiar. 

After evaluating the situation, the RQuads may choose to do one of two 

things: attack the fire until it is brought under control or ask for help 

through the emergency control centre, and hegin res~uing the injured if any. 
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3. Declaring a major emergency 

If the emergency souads have reported that they are unahle to control the 

accident, the control centre will declare a major emergency. Given the scale 

of activity following the declaration of a major emergency, it is advisable to 

restrict the authority to declare it. However, it may not be necessary to 

limit the authority to the shift manager and his appointed deputy. The need 

is to have as early a declaration as possible. Other responsible persons, 

particularly in large plants, may he closer to the accident when it occurs and 

capable of making the necessary judgement. It may be advisable, therefore, to 

invest the authority to declare a major emergency in a limited but appropriate 

number of people selected on t~e basis of their knowledge and experience to 

recognise a major emergency or its potential. 

4. Making the emergency known 

a. Inside the plant 

It is important for everyone to know that major emergency exists and 

consideration needs to be given as to h0w this information may best be 

communicated. For example, in many cases the declaration of a major emergency 

will follow the sounding of an emergency alarm. Where this has sounded only 

in the affected area, it may be appropriate to signal the fact of a major 

emergency by sounding the same alarm site-wide. In cases where the initial 

alarm sounds over the whole plant the major emergency m~y be made known to 

everyone by re-sounding the alarm over an extended period. Alternatively, it 

may be considered that a separate major emergency alarm, having a signal 

readily distinguished from other alarms, is reouired, though this is not 
. 22/ 

common practice-- • 

At the same time consideration should be given to the need to provide separate 

alarms to worn of different types of emergency, such as fire and explosion or 

toxic gas escape. Whe~e such provision is considered, care must be taken to 

avoid a multiplicity of alarms to the confusion of the people on site. 
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As an alternative to an extra alarm to denote the maJOr emergency, the plant 

emergency procedures may pr0vide for it to he make known by other methods, and 

many plants adopt this approach. In such cases, a site-wide alarm activitates 

the emergency procedures whereby: 

All memhers of the work return to their normal place of work, provided 

it is safe for them to do so 

Those in charge of plants and departments and who are not nominated 

as key personnel go to their normal offices to await instructions from 

the plant emergency control centre 

Senior managers nominated as key personnel report to the plant 

emergency control center from where, acting on advice received from 

the shift managers. They communicate instructions to individual 

plant sections and areas, using as appropriate, telephone, tannoy or 

messenger. 

In all cases, once the major emergency is ~ade known, all personnel should be 

ready to carry out the apryropriate emergency action. 

h. To the outside emergency services 

Once the declaration is made, it is essential that the outside emergency 

services, if they have not already been called in, are informed in the 

shortest possihle time. Liaison at local level will help to determine the 

hest means of achieving this, for example, by direct line or automatic alarm 

to the fire fighters. 

In high risk plant and where there is no full-time plant-emergency team, it 

may he advisable to provide for the outside emergency services to he informed 

on all occasions when the emergency alarm is raised. Local discussion with 

the outside services will help decide, but it should be borne in mind that it 

is hetter f0r the emergency services to arrive to find a situation already 

under control than to find one out of hand due to delay in call-in. 
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c. To key per.;mmel outside normal working hours 

A major emergency u.ay arise at any time and plant emergency procedures need to 

take account of this fact. They should ensure, first of all, that the 

nominated people having innnediate tasks to perform, e.g. shift manager and 

plant emerge~cy team are always present on site, i.e. they should be selected 

from the shift force. Secondly, they should provide for the call-in of other 

key personnel. 

To satisfy the latter provision, it will be necessary to maintain an up-dated 

list of key personnel and their deputies, their home address and telephone 

numbers. The list should be kept in the emergency control centre and (if 

located elsewhere) the connnunications centre from which the call-in will be 

made. 

Liaison with the police :.rill help to estahlis;, means whereby personnel called 

in can he allowed to proceed through any road blocks set up as part of their 

traffic control arrangements. 

d. To neighbouring firms 

A major emergency may affect areas outside the plant. When alerted, the 

police will undertake any necessary action to safeguard members of the 

public. In the case of other nearby industrial concerns, consideration should 

he given to the need for a direct notification to them of the maj0r 

emergency. This can serve a dual purpose in that it will enable them to take 

prompt action to protect their own employees and to take whatever measures may 

he possible to prevent further escalation of the emergency due to effects on 

their own installations. At the same time, they may be able to provide 

assistance as part of a pre-arranged mutual aid plan. In the major emergency 

situation, resources over and above those available at the plant will he 

needed. In areas remote from centres of population, the build-up of fire 

fighting reinforcements will he relatively slower. There may be, therefore, 

reouirements for additional sources of extra supplies of fire-fighting 

eouipment, hoses, monitors, foam, breathing apparatus, specialized eauipment, 

medical supplies, and manpower. In locations where there are a number of 
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industrial concerns. it can hP henefici~l t0 5ct up a mutual aid programme 

which will ass:st, on the one hand, to secure additional supplies when needed 

and, on the other, to a~~rt neighhouring ccncerns to the fact of the major 

emergency in case they, too, need to take action to protect personnel and 
property. 

5. Taking action dt the plant in case of a major emergency 

a. Fighting and controlling the accident 

At this phase of the ewergency outside resources should also intervene. The 

acrions taken hy the joint response teams are likely to be similar, in 

principle, to those already described in Section 2 for the plant response 

team. The larger number of people involved and tasks to take care of reouire, 

however, a higher degree of co-ordination. 

The effective handling of such an emergency depends on the decisions taken at 

the time and it is impossible to predict every action that should be taken. 

An example of the recommendeo procedure to fight a storage tank fire is given 

at the end of this chapter. 

h. Evacuation 

In a major emergency, it will almost certainly be necessary to evacuate 

personnel fr0m affected areas and, as a precautionary measure, to further 

evacuate non-essential workers from areas likely t0 be affected should the 

emergency escalate. On small plants, or at plants where a rapid escalation is 

foreseeahle, it may be advisable to effect a progressive, totai evacuation, 

i.e. non-essential workers and those from affected areas first, followed bv 

the remainder when emergency shut-down plant sectors has been effected. 

Consideration should be given to the provision of a separate evacuation alarm, 

preferahly of a selective type, hut the possibility of confusion if too many 

alarm signals are provided should be horne in mind. On evacuation, employees 

should he directed to pre-determined assembly points. These must be sited in 

a safe place well away from areas of ris~. More than one assembly point is 
needed; 
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To ensure that employees do not have to pass through the dange­

zone to ~each the assemhly point 

In case any assembly point lies in the path of wind-blown harmful 

materials, e.g. toxic gas or burning brands. 

Each assembly point shculd be clearly marked by a conspicuous notice and 

provided with an identification number or letter, e.g. ASSEMBLY POINT A. 

Where an emergency has involved the release of toxic substances, it may be 

necessary for people, in certain circumstances, to have to pass through an 

affected area to reach a safe assembly point. Where this can occur there 

should he available a sufficient supply of a suitahl~ respirator, capable of 

providing protection for the short space of time needed to escape from the 

affected area. 

6. Taking actions outside the plant in case of a maj:>r emergency 

A mapr emergency may affect areas outside the plant. Explosions can scatter 

dehris over wide areas, the effects of hlast can cover co~siderahle distances, 

wind can spread buring brands or toxic gases. In some cases, e.g. as the 

result of an explosion outside damage will be immediate and part of the 

available resources of the emergency services may need to be deployed in the 

affected areas. In any event, the possibility of further damage ~ay remain, 

e.g. as the result of further explosi0n or by the effect of wind spreading 

burning brands or hazardous rrlterials. 

Perhaps the most significant risk to outside areas is that associated with a 

large release of toxic vapours. Managements will usually need expert advice 

in drawing up plans so that if such a release occurs, they will he ahle to 

collaborate with emergency services to estimate as far as practicahle which 

downwind areas are at risk. It may he necessary to prepare in advance simple 

charts or tables relating the likely spread of the vapour cloud taking into 

account its expected buoyancy, the local t~pography and all ~ossihle weather 

conditions during the tirne of release. It may also he desirable to install 

instruments indicating wind speed and direction. 
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ThP fact of a ma1or emergency and the spread or potential spread of its 

pf fects olltsidP the works may require that road and rail traffic past the 

plant has to he halted or diverted. The responsibility for controlling road 

traffic flow rests with the police, taking account of the advice of the plant 

manager. Tiie prohlem is almost always exacerbated hy members of the public 

driving to the scE>ne to view the sit1·ation. Tiie net effect can be to cause 

prohlems to thosf' who have a real need to get to th? plant including the key 

personnel who will have h~?n called out. Liaison at local level will help to 

devis~ a means wherehy key personnel can readily identify themselves to the 

police controllers. 

7. Rehahilitating the plant 

ThP fire fighter's chief ~ill not signal the end of the emergency until he is 

satisfied that all fires are extinguished and there is no risk of 

re-ignition. In the case of gas escapes, the emergency will he declared ended 

only when the source of emission has heen effectively isolated and gas clouds 

dispPrsed. Even when the All Clear has heen given, great care is needed when 

re-entering affected areas, and no work in connection with salvage, collection 

of evidencP or start-up should he put in hand until a thorough examination of 

the area has heen carried out. It is p~rticularly important to avoid the 

introdllction of possihle sollrces of ignition, such as diesel engines, hand or 

powPr-operated tools, flame-cutting equipment until it has been established 

that no flammahle matf'rials remain where they collld be ignited. 

· d 1 · k f . 32 39 I E. Example of a response action: han ing a storage tan ire~-'~-

Phase I: Information gathering 

Step 1. Identify the product which created the incident. Information must be 

ohtained from plant personnel hecalJse it is possible that the same tank is 

used for a variety of products 

Step 2. DPtermine whPther more than onP one product is stored in the tank. 

(Is it ccmparc m»nt 1·rl?). 



- 57 -

Step 3. Refer to the various reference sources to determine the hazards, 

phvsical properties, and extinguishing methods and agents for the identified 

product: 

Effect on humans (special protective eQuipment needed? evacuation?~ 

Effect on the environment (streams, ground water, a"i.r) 

Specific gravity 

Water soluhility 

Water reactivity 

Flash point 

Reactivity prohlems 

Explosive limits 

Polvmerization 

Extinguishing agents or effective cover which will reduce 

hazarclous vapors 

Step 4. Check location of the tanks in reference to the exposures. Exposures 

include huildings, other tanks, and overhead electric lines. 

Step 5. Determine the types of storage tanks, their safety features, shutoff 

valves and dike drain valves. 

Step 6. Check availahility of resources (personnel, equipment, water, 

extinguishing agents). 

Step 7. Consider weather conditions that affect the fire fighting (wind 

direction and speed, rain, temperattire). 

Phase II. Decision-making and emergency procedures 

There are three actions that could he taken: 

Alternative 1. - Attack the fire 

Altr-rr::~!·-·~ 2. - C0!"tain the fire and let it hurn up the fuel 

Alternative 1. - Withdraw emergency response personnel. 
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Alternative 1: Attack the fire. 

if the information ohtained <luring phase I indi atees an attack is warranted, 

the attack must hegin immediately. However, keep in mind that as the attack 

continues and new information is gathered the strategy should be revised if 

necessary. 

Step 1. Evacuate the downwind area of the vapour cloud. 

Step 2. Have all personnel approach from upwind. Make sure all are eouipped 

with the appropriate protective eouipment. 

Step 3. Keep all unnecessary personnel including spectators at least one mile 

away. 

Ste? 4. If there is a gas leak without a fire, use hose streams to disperse 

the vap,~r. Then, under cover of the streams go in and sh·;t off the control 

valves. Make -;ure a backup hose line from a separate water source is 

availahle. If the flow cannot he shut down, then the vapour cloud must be 

dispersed with hose streams. Use caution however, in case the combination of 

product and water forms a hazardous substance. In that case runoff must be 

contained hy diking. Remember to keep personnel, civilians, and apparatus 

away from the vapour cloud. 

Step 5. If there is a leak with fire do not extinguish the fire until the 

leakage is stopped. Using the cover of hose streams, with a hack-up line, the 

control valve should he shut down. Keep the exposures cool at the point of 

flame impingement. At large fires radiant heat is also a problem and water 

must he applied directly to the exposures to keep it cool. Remember to 

approach horizontal tanks from the sides. 

Step 6. Listen for the operation of the relief valve. As pressure increases, 

the pitch of the noise also increases. This should he an indication that 

withdrawal is neces11ary. 
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StPp ;. LargP tank storage fires will reou1re protection of the exposures, 

particularly other tanks, with large ouantities of water. Unmanned monitor 

streams can he used to great advantage under these conditions. 

Step 8. Extinguishment can he tried using special agents and technioues. 

Incident commanders wi 11 prohah ly need to set up a supp lementa 1 sot!rce of 

supply of the extinguishing agent. Dikes will have to be kept from 

overflowing. 

Step 9. Based upon the type of construction of the tanks, the attack will 

vary. Care must he exercised not to compound the problem by failing to take 

this into account. 

Alternative 2: Contain the fire and let it burn up the fuel. 

Step 1. Open container and spill fires in a large ouantity of high vapuor 

pressur~ products, such as carried in spheriods cannot be extinguised hy any 

fire fighting agent or device now known. Furthermore, if such a fire could he 

extinguished tJ do so in most cases would create greater hazards than the 

existing fire itself, since the unhurned vapour might accumulate at other 

locations. Therefore, the most effective means of controling fires in these 

products is to use plenty of water to keep exposed property cool and shut off 

flow of product to the fire. 

Step 2. Play as w1ch water en the container above liouid level as possihle. 

Even if water spray or other means of water application is fixed, play heavy 

streams of water on exposed steel above liauid level if this can he done 

without depleting the watf'r supply. 

Step 3. If vent or broken line is olaying hlow torch flame on steel ahove 

1 iouid level, direct strear:.s of water on this spot. If this cannot be done 

ouickly, iitay clear of rupture of the container which is almost sure to occure 

from heat weakening of tl•e steel. Water is very effective in cooling steel in 

such cases. 

Step 4. By all means protect the container ahove liouid level. 
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Step 5. In the case of a hroken line or other such leak, do not extinguish 

the fire except by ~hutting off the flow. It is sometimes feasible to 

extinguish the fire and then shut off the flow. Fires of considerable sizes 

can he extinguished by use of dry chemical extinguishers. On large fires of 

this kind, water fog of spray should be used to protect the approach and cool 

steel or extinguish wood and rubbish fires against reignition of the gas 

hefore source of flare or gas can he cut off. If flow is not cut off, vapors 

or gas may accumulate and then when re-ignited the fiow will travei back to 

its source. 

Alternative 3: Withdraw emecgency response personnel 

In this case the situation is too dangerous for response personnel. Keep 

monitoring the situation at a safe distance until the possihility of 

intervening with Alternatives l or 2. 
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Chapter V. PREPAREDNESS FOR HAZARDOUS MATERIAL TRANSPORT ACCIDENTS 

A transport contingency plan must be sufficiently flexible to be adapted to 

the different circumstances in ~hich the accident may occur. Transport 

accident~ involving hazardous material may well occur in a built-up area. 

This greatly enhances the chance that members of the population will be 

involved in or directly affected by the accident. Conseauently, measures to 

keep people away from the scene, divert traffic, maintain access for emergency 

vehicles and possibly evacuate the population assume particular importance. 

On the other hand a railway accident could occt;r along a rural route where 

vehicles must travel overland to reach the site. 

Another peculiarity of transport accidents is that, in general, the first 

emergency response teams to reach the scene will be the police or the city 

fire fighters, i.e. response teams which may not necessarily be prepared to 

fight accidents involving industrial hazardous materials in the same way a 

response team in an industrial plan can. In some instances the response 

teams may not even be aware of the hazards, as in some road ~ccidents where 

the driver is unable to give information on the content of the cargo and the 

vehicle is not provided with proper identification placards. 

Therefore, contingency planning for transport accidents involving hazardous 

materials should be concerned with: 

Raising the 11larm 

ldentificatic.u of the hazardous materials involvetl in the accident 

Immediate actions to he taken at the scene of the accident 

Accident information and control network 

Direction of emergency operations 

Emergency teams and procedures 

Each of these points will he discussed below in greater detail. 

A. Raising the alarm 

Almost anybody can raise the alarm in case of transport accidents. If the 

vehicle driver or train engineers are not dead or seriously inj.Jred they will 
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mosL ii~eiy do Lnac. In many ocher instances a member of the puo11c will 

raise the alarm. Tiierefore a 24 hour emergency telephone number should be 

available. The city police or fire department telephone number could well 

serve the purpose, provided that they can contact other emergency response 

~~Jm at higher level (provincial, national) or from industry, if the necessity 

ari~es. 

R. Identification of hazardous materials: placards and labels for transport 

and shipment of hazardous materials. 

~~en emergency response personnel arrive on the scene of a harzardous material 

accident one nf the first things to be determined is the material involved. 

This identificalion can he more easily accomplished if the transporting 

vehicle or train car is provided with placards affixed on all four sides. 

:.ahels, on the other hand, only need to he attached to one side of the 

container holding the material. The maj:>r reasons for placing labels and 

placards on packages and vehicles are: 

To provide an inunediate warning of potential danger 

To inform the emergency response personnel of the nature of the hazard 

To indicate any reouired protective action 

To minimize possihle injJrious effects if exposure to the product does 

occur 

In order to he effective, placarding and laheling should h~: 

Mandatory, i.e. imposed by law at national or international level, and 

codified according to the materials and their hazards 

Standardized, i.e. the type, form, size and shape of the symbols used for 

placards and lahels should he determined and consistently used so as to 

represent correctly the material heing transported and its hazard 

Several placarding and labelling systems already exist in many nations, and 

continuous efforts are made to standardize some of them at international 

level. The tJnited Nations system is the most wUely used and serves as a 
. h . d . 1 . 40/ has1s for other more compre ensive systems use in severa countries-- • 

Some nf these systems will he descrihed in the remaining of this section. 
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1. United Nations Classification System 

The United Nations Organization (UN) has established a standardized class 

f d 
. 1 40/ . h d d h nurnher system or hazar ous mater1a ~ • Some countries ave a opte t e 

system and reouire that all imported goods be properly labeled. The system 

divides hazardous materials into nine classes each identified by a number. 

Some classes are further subdivided into divisions, identified hy another 

number following the class number. 

The classification is based on the type of risk involved and has been 

conceived to minimize interference with existing regulations. 
The order in 

which classes are listed is not that of degree of danger. The classes are: 

Class 1. Explosives 

Class 2. Gases: compressed liouified, dissolved under press11re or deeply 

refrigerated 

Class 3. Inflammable liouids 

Class 4. Inflaanahle solids; substances liable to spontaneous combustions; 

~ubstances which, on contact with water, emit flammable gases 

Class 5. Oxidizing substances; organic peroxides 

Class b. Poisonous (toxic) and infectious substances 

Class 7. Radioactive substances 

Class 8. Corrohives 

Class 9. Miscellaneous dangerous substances 

I 
I 
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Lahels for use on packages and placards to be placed on the railway car or 

truck are described below. Lahels and placards should be placed on a 

hackgroun<l of contrasting colour. 

Figure 2 shows the recommended specimen labels corresponding to each class. 

The labels are all diamond-shaped with minimum dimensions of 100 .. by 100 

mm. The colours of each label are specified in Figure 2. 'nte labels are 

divided into halves. 'nte upper half of the label is reserved for the 

pictorial symbol and the lower half for the class number. 

The VN placarding system is very similar to the labeling system. The major 

differences consist in the minimum size of the placard (250 DD by 250 ._.) and 

the display of the UN identification number (except for goods of Class 1). 

For more details, see reference 40. The UN identification numbers for an 

extensive list of hazardous materials can be found there. 'nte hazard class 

and division number (sub-class) are also listed. 

2. Federal Department of Transportation System (U.S.A.) 

. 1 d 0 d b 1· 321 1 1 hl This p acar in~ an la e 1ng system-- c cse y resem es the UN system. The 

class system is substantially the same even though some difference exists 

concerning class divisions (such as those for explosives and ~oisons). With 

few exceptions, the placards and labels are identical to those of the UM 

system, the only difference being an inscription in English (such as 

"Corrosive", "Fla1111118ble" or "Explosive") appearing within the placard. No UN 

identification number or eouivalent material identif:cation number is. 
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Specimen labels (UN system) 

Class 1 

Explosives 

Divisions I. I, 1.2 and 1.3 
Symbol (exploding bomb): black; Background: orange 

Class 2 

Non-inftammable aues 
Symbol (gas cylinder): black or white; Background: green 



Inftammable gases 
Symbol (flame): black or white 

Background: red 
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Figure 2 (continued) 

Class 2 

Class 3 

Poison (toxic) gases 
Symbol (skull and crossbones): black 

Background: white 

Inflammable liquids 
Symbol (ltame): black or white; Background: red 



Division 4.1 

lnftammable solids 
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Figure 2 (continued) 

Class4 

Division 4.2 

Symbol (ftamc): black; 
Background: white with vertical red stripes 

Substances liable to spo11taneous combustion 
Symbol (ftamc): black; 

Background: upper half white; lower half red 

Division 4.3 

Substances which, in contact with water, emit inftammable gases 
Symbol (ftamc): black or white; Background: blue 

Class 5 

Division 5.1 Division 5.2 

Oxidizing substances Organic peroxides 
Symbol (flame over circle): black; Backgrouod: yellow 
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Figure 2 (continuec:!) 

Di~·ision 6. I 

Poisonous (loxic) substances 
Packing Groups: I and II 

Symbol (skull and crossbones): 
black; Background: white 

Class 6 

Dil'iJion 6.1 

Poisonous (toxic) substances 
Packing Group: Ill 

The bottom half of the label 
should bear the inscription~: 

HAR~ffUL 
Stow away from foodstuffs 

Symbol (St. Andrew\ Cros!> over an car of 
wheat): black; Background: white 

Division 6.2 

Infectious substances 
The bouom half of the label should bear: Infectious Substance (Optional) and the Inscription: "In case 
~damage or leakage lmmtdlattly notify Public HHlth authority" (optionalL Symbol (three crescent~ 

~upcrimposed on a circle) and Inscription: black; Background: white 

l 
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Figure 2 {continued) 

Class 7 

(U) (/7) (l") 

Radioactive substar.ccs 

(a) Category I-White; Symbol (trefoil): black; Background: white; Text (mandatory) black in bottom half of 
label: "RadioKti'ft"; "Contents ••. "; "Activity ..• ". One red vertic;;.I stripe must fo:tow the word 

"Radioactive". 

(b) Category II-Yellow; Symbol (trefoil): black; Background: top half yellow. botiom half white; Text 
(mandatory) black in boctom half of label: "Radioactive"; "Contents ... "; "Activity ... "; in a black 
ou11ined box-Wfransport Index". Two red vertical stripes must follow the word "Radioactive ... 

(cl Category Ill-Yellow; Symbol (trefoil): black; Background: top half yeilow. bottom half white: Text 
(mandatory) black in boctom half of label: "Radioactive"; "Contents ..• '';"Activity .•. ";in a black 
outlined box-"lransport lndn". Three red v~rtical stripes must follow the word "Radioactive". 

Class 8 

Corrosives 

Symbol (hq<1idi... spilling from two gla~s vc~scls and al!acking a hand ?nd a metal): black: Background: 
uppc1· half white, lower half t lack 1,1th white border 



- 70 -

J. HAZCHEM Scheme (U.K.) 

This is a ralher comprehe~sive system currently used in the United 

Kingdom14 •411 . An example of a placard is given in Figure 3. W~th 

reference to this figure, each placard is divided into four main sections 

co~tnining the HAZCHEM action codP (2YE), the UN classification number (1089), 

the telephone numher of a source of specialist advice to call in case of 

PmPrgency, and the diamond shaped hazard warning sign (the UN symbols are used 

A fifth section may he used to show the manufacturer's or for this p11rposP). 

company name or symhol. 

The HAZCHEM action code (e.g. 2YE) contains information on the actions to be 

takPn hy the emergency squads in case of accident. The key to the code is 

cC1ntained on a pocl<et card carried hy e.>ch member of the emergency squad. 

Figure 4 shows this card. The numher appearing in the HAZCHEH action code 

refprs to the fire fighting method to be used. The first letter refers to the 

spillage action to be taken. The second letter E is added when there is need 

to considPr evacuation of the area. 

4. ADR/RID System (Europe) 

This system, which has heen recognized by 18 European countries, 1s also based 
The first placard 

on the UN system. Two placards are used ~nstead of one. 

consists of onP of the diamond-shaped UN hazar~ symbols. '11ie second placard 

is orangP and contains two n11mhers one above the other. The bottom one is 

thP UN material identificatio~ number. The top number is made up of two 

digits, the first representing the UN class and the second an additional 
34/ 

hazard index if the material presents more than one hazard~ • 
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Figure 3 HAZCHEM placarding system (UK) 

The panel illustrated is for acetaldehyde 
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Em«rg.ncy Action 
Code Sc.le 
FOR FIRE OR SPILLAGE 

p 
R 
s 
~ 
T 
Ii 
w 
x 
y 
fj 
z 
~ 

1 I JETS 

2 I FOG I 
3 ~!CJ 
4 I DRY AGENT 

v 
FULL 

BA 
v 

BA for FIRE only 

BA 

BA for FIRE only 

v 
FULL 

BA v 
BA for FIRE only 

BA 

BA Irr FIRE only 
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DILUTE 

CONTAIN 

Notes for Guidance 

FOG 
In the absence of fog equipment a 
fine spray may be used 

DRY AGENT 
Water must not be allowed to come 
into con1act with the 5ubstance al risk 

v 
Coln be violenlly 0t evel\ ••ploSNely 
re1c11ve 

FULL 

Full body ptolecuve clolheng w11h BA 

BA 

Br111h1ng IPPl••tus plu:i ptotechw gloves 

DILUTE 

M1y be washed IU dr111nw11h IMge 
qu1n1111es ol w•tet. 

CONTAIN 

Prevenl. by 1ny means •v•1l1ble. 1p1ll•ge 
ltom en1erong d""'' or w,.., course 

IE I CONSIDER ~VACUl.TION :=J 

Front Back 

Ficure 4 HAZCHEM card (Ur.) 
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C. Immediate actions to he taken at the scene of the accident: actio~ guides 

and information cards 

In many transport accidents the vehicle driver or the train engineers will he 

the first responsible personnel to take action at the scene of the accident. 

Therefore, the following three points should he considered, at the planning 

stage, in order to insure maximum immediate response effectiveness: 

Drivers and engineers should be adeouately protected 

Appropriate emergency eouipment should he carried on board 

Simple and adeouate emergency instructions should be carried on board and 

he easily accessed. 

Certain reouirements for construction of vehicles or train cars will help 

assure driver safety. As an example, there should be a fireproof screen 

hetween the tank of a tank truck and the driver's cah; the exhaust should be 

in front 0f the screen; the voltage of the lighting current should not exceed 

24V and it should he possible to cut the battery off with a douhle-pole switch 

1 
. 14/ 

c ose to 1t- • 

The vehicle or train should carry a tool kit, emergency lighting and first aid 

eouipment. Protective clothing and breathing eauipment may also he carried. 

Th~ fire estinguisher should he large enough and the right type to put out a 

fire in the cargo. 

The driver or the train engineers should be reouired to carry along with them 

action guide cards containing instructions for the most typical emergency 

situations involving the material transported. This system has been adopted 

in the United Kingdom where the TREMCARD (Transport Emergency Cards) system 

. . 11 d l ~ 14 , 41 / Th d h h d f l was or1g1na y eve opeu------ • ese car s ave een prepare or a arge 

numher of hazardous materials. Each card contains information concerning the 

name of the material t:ransported, the nature of the hazard, safety eouipme.1t 

necessay to handle th~ material, emergency measures to he taken 1n case of 

fire, spillage or telease, and first aid in case of exposure to the 

materia 1. An example of such a card is given in Figure 5. 
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CEFIC TIC (R).1 
Ap!l 1911. A.., __ 

TRANSPORT EMERGENCY CARD (R•) C'-:ZADR 
i-3et 
UN No.1005 

AMMONIA (anhydrous) 
Liquefied pressure gas with pungent odour 

Corrosr"e and Touc 
Spilled liqu1<1 has \jerv to .. " tempera.ure and unless contained e .. aporatl!'S Ql11ckt;. 

The gas causes se\oere damage to eives and air passages 
The gas poisons bv inhalation and •S suffocating 

Com act with liquid causes sk1nburr.s and se ... ere damage ro eves 
Reaction with moist air produces mist which has strong:lv 1mtant effect on e.,.ec; slun a. ·d air 

passages 
Heating will cause pressure rise se\l'ere risk of bursting and t:•plos1on 

Protectiv• Device• Suitable respirator.., protP.Ct11.1t~ device 
Goggles g11,1ng complete protection to eves 
Pid~lu ... ur rubber ~lu\les boots suit and hood g1.,,.1ng complete pro1ect1on to npa.1 f.1,·p and npn 

Eve.,,, ash bonle w1th clean water 

If pcu1ble move vehicle too~., grou:'ld 1nd stop the engine 

No naked lights No smoking 
Mark roads anct .... arn other road uw1s 
l'l.eep public a .... av from 11anger area 

Kttpupw1n,.. 
Put on pro1ecf1'wl" eQu1pment before entering danger arP.a 

Pre-..ent l1quict entering M!Wers basements and 'AIQd1.p1t<1J. Vapour may create to•1C aric1corrosi-..e31mosphl"re 

Contain leaking l1Qu•c1 .... 11h sand or earth Consult an e1per1 
Warn e"'erybod'¥ to11c and corrosive huard E\lacuate 1t necessarv 
!t -..aoour cloud c1ri~s towarc1s populated area warn 1nhab11an1s 
llSf" 'Aoatersprav to knock down \lolpour 
Do nor use water 1P.I on a tedk of thf! tank 
If substance has en1ered a water cours.e o .ewer or bf!en so:it on soil or -..eQPtt1tH,,, .lc1.,, 1 c;.'° ri,11.,·p 

If suhstancr hasQot 1nto !he eyPS 1mmed1a1e1.,. wasti nlJt ""''h plent; of water f<H a11,.as1 15 ,.,,.nutes 
Removl" contam1l"ati1td clothing 1mmed111elv and wash attecte<i skin with plent'¥ nf .... ater 
Sf!'ek ml"<11cat treatml"nf when anyone has symptoms apparttntly rtue 10 mh.tlat1on or rontart w•!h sk•n •V 

lt';'l!S e .... en ,f !heri- arfl! no symptoms fftiu1t1ngfrom such tt•posure , .. nc1 to .t <toctor an<1 ~how him tt-1s ra•rt 

Persons "'·10 hhe u1hale<1 th@ g.u rr st lie rtown anc1 keep Quit@ still 

Kup paf!"nf warrn 
Apply art1hc•al resp1r.tt1on onl'r' 1f Ddfl~ H •Snot hrP.l!h1ng 

TELEPHONE 

P'·•t1•••<1 n .. rfJI( i(()'-1<;.flL fl)R()Pff~ (")fS HOfRAflllN~ Of l 1~[1·J<tfR1f (MIM•()Uf flJR()P'FA'- (0L'-\'i ()J rMf~l(A, 
¥•'-1JFA(TuRf11t<;, FfOfRAf1(1'-1">1 f,..,r,. ,,,,,., '"'• ...... " ,..,,...,...1....,q• ~~•,,•h•• "" •111POf" .. !"lo1o1~ ,, •r't111'''"1 '""1 '"" ,,..,,..,,..,.. 

•·""'""'' ,.~,, ••• ( ..... ,.11 •• ~ 11~••·"'-"''•''.-.""' ~~~, ... l~ MecM"-.~Aoett T~ .. .,.,r,.t 101111 T•• 1570)1 

Alllll• only ......... •• rrart E 

Figure 5 TRE:MCARD system 
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If the immediate actions taken hy the truck driver or train engineers are not 

sufficient to keep the accident under control then external response teams 

must intervene. The placard or lahel system may greatly help these teams 

identify the hazards, hut this system only indicates a broad categ~ry of 

dangerous materials. In some instances nn.;ch more detailed information is 

needed, and the name and amount of the specific praduct hP.ing transp0rted must 

he determined. This can he more easily accomplished if the vehicle or train 

is eauipped with shipping papers. The papers can include a shipping orcer, 

hill of lading, manifest, or waybill. 

As a general rule, all of the shipping papers will contain: 

Shipper's name and address 

Consignee's name and address 

Proper sh~pping name 

Proper classification of the shipment 

Total auantity hy weight or volume 

A certification hy the shipper that the shipment has been properly 

prepared. 

The United Nations have also developed their system for documenting the 

shipmE>nt of dangerous goods!:2-/. Accordingly, the has1c items of information 

considered necessary for the identification of a dangerous substance 

transported hy any mode are: 

The proper shipping name. 

The class or, when assigned, the division of the goods (s~e also reference 

40). :or substances of Class 2 possessing subsidiary inflammable or 

poisonous properties, the class should be further amplified hy adding the 

word "inflammable" or "poisonous" as appropriate. 

The United Nations serial number assigned to the suhstance or article. 

The total ouantity of dangerous goods covered hv the description (hy 

volume, weight, or net explosive content, as appropriate). 

In addition, other elements of information deel!IE:d necessary hy national 

authnrities or international oq~anizations may also he shown (e.g. flash point 
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or flash point range). An example of the UN dangerous goods declaration form 

is given in Figure 6. 

1lie s~ipping papers should he kept in the driver's cab. On trains the 

conductor should keep all the papers. Tiiey may therefore he found in the 

cahoose or the engine, depending on the location of the conductor. For 

shi~ment hy rail, there should be a freight waybill tor each car in the 

train. The condi:ctor should have these waybi 11.· generally arranged in 

sequence, starting with the first car hehind the engine, which ~ould be the 

first wayhill. At a derailment, one could determine the last car at both 

ends which remair.ed upright. Once the waybills for the last upright cars are 

located, tho'e papers in between represent the derailed cars. A quick search 

of these papPrs will indicate if there are any hazardous commodities on board. 

All the measures described in this section will he effective in prev~nting, 

controlling or fighting a transport acci~~nt involving hazardous materials, 

only if they a~e codified at national or international level by some kind of 

legislative act, and then properly enforced. 

D. Accident control uetwork 

Another way of providing assistance to emergency response personnel in 

handling a hazardous accident is by creating a network system made up of 

several centers in different parts of the country and able to prtvide 

information on chemicals transpotted or to contart emergency teams provided by 

f . 6/ d manufactur_,rs. Examples o such systems are the American CHEMTREC- an 
. . 42,43/ the Br1t1sh CHEMSAFE~~- . 

1liese centers arP set up to accomplish two important functions. First, if 

the pr.1cl11ct has he,>n identified, information will he provided to the emergency 

response per~onnel on how to handle the situation. Sec::md, if the product is 

unknown, hut other facts such as shipper, manufacturer, or trade name are 

known, the center sl1011ld he ah le to tap many other sources to obtain 

in format ion. 
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Sllws ..... &Addlwul Refefence nurnc.rcal 

Name of carrief (Or '>ii &genii 

,.......... b lat. inalruchona or Oll'let rnaner) 

N_. ••al Ir......, Porl/place of depatlure (R9Hr.ed for l••I. 1nstruchor1s or olher maner) 

~ .. -.-..on 

.._.. & -.....rs; Number & k•ncl of packages. O.scnp11on 01 goods• G•oss weigh! !kg) 

INOICATE: HAZARD ClASSIOIV. UN NUMBER: FL.ASH!'21NT (II_'_ •C) _____ Net quan111y 
(wllen requue<I) (when required") 

"PROPER Sl9l'PllllG NAME: p1opr1e1ary namea alone are no11ulhc1en1 ------------------------------- -----------------
~ ......... 
$tledll .._ II a 1 IS requileel for (al Dangerous Goods in l•mtled Ouanl•heG, Incl 1111 Radiolclive 
,.., a a ~ 1). In certa'" circum11ancH. (Cl a weatnenng cet11hcatt, or (cl) a Coftl&onetlTrailef 
~ c..tllicale .. ,.....,.cs 

-
C£CLAMllON I Name111a1u1 of aign.:lloiy 

Place end Clal• 

S1gna1uie °" beNll of 5Nppei 

Figure 6 UN d~ngerous goods declaration 
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OncP thP manufacturer of the product is known, he will be contacted directly 

for FXp~rt information. In addition, if the accident 1s severe enough, the 

manufacturer will he asked to send expert help directly to the scene. The 

shipper is also notified so that he, too, can provide on-the-scene assistance. 

In order to reach these centres, 24 hour telephone numbers should he 

available. The caller snould then be able to proviJe the centre with 

1rformation such as: 

Name of caller 

Means of maintaining the contact 

Place and time of accident 

Shi ppt>r 

Manufacturer 

Container type 

Rail car or truck number 

MaterLals involved 

Type of prohlem 

InjuriPs or de~ths 

Surrounding area (open country, town) 

Weatht>r conditions 

Assistanct> availahle (police, fire fighters) 

If the responsihle personnel cannot locate the shipping papers and the 

identity of the materials is unknown, the centres could still utilize the namt> 

of shipper or manutacturt>r and rail car or truck number to trace the cargo 

hack to its point of origin. Another important function of the centres would 

he to idt>ntify the chemicals. 

In ordt>r to accomplish all these tasks the ct>nters should be equipped wi[h a 

data bank concerning chemical products and their trade names, manufr.r~4rers, 

traders, importt>rs and transporters. An alternative to b network oi ~entres 

is the t>RtahliRhment of just one centre either nationally or regionally, 

provided that a ~ood telephone network t>xists at such levels. 
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E. Direction of emergency operations 

Of ma1or concern ~t hazardous material accidents lS the Question of who is in 

charge. Tilis is especially true when the scene of the emergency is outside 

an indu~trial facility or on a highway or railro~d right-of-way. Tiie majority 

of tranport accidents falls in these categories. Police officers, officials 

of the environmental protection agency, water resources, civil defense, and 

the carrier, may he present. Generally, the fire department should he ln 

charge where there is 3 fire and/or spill, especially if there is a threat to 

life or property. The highest ranking fire officer would theretore be the 

offi~er in charge of the accident. However, law enforcement personnel may 

feel they are in charge of a highway accident when hazardous commodities are 

involved. Railroad officials who O''ll the right-of-way may want to take 

charge. 

Lines of authority should be established in advance so it is immediately 

apparent who is in charge and responsible. This should be determined after 

legal authorities have checked national, provincial and municipal laws 

covering the suhject. If necel'.sary, an agreement should be drawn up, which 

specifically designates the responsihility and authority of the various 

agencies that can he involved even at minor accidents. At the actual time of 

an ace ident, the agen~y in charge should co-operate as necess.Jry with the 

Railroad Administration, Highway Administration, or personnel of other 

agencies. 

Decisions on evacuation fall under the jurisdiction of the officer in charge 

of the accidents and are often particularly difficult as the Glendora accident 

shows44 •451 . In this accident a train consisting of 157 cars including 8 

containing vinyl chloride monomer (VCM) derailed near the town of Glendora, 

Mississipi, (U.S.A.). One of the VCM tanks ruptured and started leaking, 

forming a heavy fog of VCM. After seven hours the leak ignited, creating the 
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hazard that phosgene, a deadly gas, could he formed as a result of the high 

flame temperature. In spite of the extremely low probability that phosgene 

could he formed under the physical conditions at the accident, the official in 

charge felt that the nearby populaton had to he evacuated. Some 30,000 

people were reported to have been evacuated. No one died or was injured as a 

result of the accident. A posteriori judgement of the accident revealed that 

the phosgene poisoning risk actually run by the population was marginal. 

F. Emergency teams and procedures 

Unless properly informed on the nature of the hazard and equipped to fighl it 

the role of police and city fire fighters should be limited to evacuation of 

the population (if necessary) and containmel1t of spills and/or fires. A more 

specialized emergency team should intervene in any other case. The team 

(which could also be providPd by the manufacturer of the hazardous material) 

should be thoroughly familiar with the chemical, and trained to handle 

:'1ccidPnts. 

In addition to the general incident control measures, the emergency team 

should have expertise in dealing with leaks and fires, and in emptying damag:>d 

containPrs and clearing up. 

1 . d . 1 . 1 441 
A moderate ieak may often be p ugged with woo or specia materia s~ • If 

a lPak has ignited, the best policy may be to let it continue burning. The 

danger of putting out a fire without eliminating the leak is that the amount 

of flamm11hles may huild up and, if re-ignited, cause a more serious fire or 

explosion. If other containers are preser.t, as is typically the case in rail 

incidents, it may he necessary to cool these with water to prevent their 

overheating. 

The POllipment carried by an emergency team varies according to the chemical 

involved, hut may include items such as: 

Chemical data 

Protective rlothing 

Breathing app;iratus 



SafPty harness and line 

GenPral tools and flashlights 
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Leak plugging eQuipment (e.g. wood plugs) 

Analytical eQuipment 

Floodlights with generators 

First aid kit. 

Emeri~encv procedures have heen developed to fiiht accidents involving many() 

hazardous materials or class"s of hazardous materials. The emergency 

procedures designed for some general classes of materials are reported in the 

fll
. 32/ 

o owing- . 

1. Guidel inPs for handling oxidizer accidents 

Emergency response personnel must approach an oxidizer incident in the same 

manner as they woulc treat an accident involving explosive materials. Caution 

must he exercised at all times. The following procedures are suggested; 

a. Evacuate personnel from surrounding areas. 

h. Try to identify the product involved. 

determine hazard. 

Use reference sources to 

c. Position personnel and apparatus upwind from the spill or leak. 

Make sure there is a path for escape for hoth personnnel and 

apparatus. 

d. Use full p::-otective eriuipment and hreathing apparatus. 

e. If possi~le, contain (he leak with the use of natural or contrived 

h.irt ien1. Try to div~rt flow from exposures, mixing with other 

chemical~, or from entering the sewage system. 
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f. AttPmpt to close or stop the leak. Personnel making this attempt 

shouli.. be protected from the fumes and from possible ignition of the 

vapors. 

g. If thP oxidizer is burning, use the ext1nguishing method suggested by 

thP reference sources. In most cases water is effective in 

extinguishing the fire. 

h. Most oxidizers are soluble in water, so solutions of the material can 

he absorbed in many places. These include wood floors, merchandise, 

and other comhustihles. Then, as the material dries out, it could 

possibly ignite spontaneously. Overhaul, therei:ore, is extremely 

important after extinguishrnent is accomplished. 

2. GuidPlines for handling flammable gas accidents 

FlammahlP gas emergPncy incidents ~ill involve a gas leak that is either 

ignited or not. 

dPt<>iled helow. 

UnignitPd LPak 

The generalized procedures for handiing the accident are 

a. Evacuate personnel downwind from t'ie le<ik. Remember, when 

approaching the scene, do not drive apparatus through the vapour 

clou•'. Keep spectators, unnecessary emergency response personnel, 

and sightseers away from the s=ene. 

h. JdPntify the material which is leaking. 

c. DPtermine hest method of attack. For example, if the gas is water 

sol11hle, fog streams prod11ced hy water jets sprayed through special 

nozzlPs can he used. 

d. RPgin the attack from 11pwind and out of the vapour cloud. 

P. If possible, close valves to stop flow of gas. 
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Ignited Leak 

a. As a ge~eral rule, a gas leak that has ignited should not ~e 

extinguished unless the leakage can he immediately stopped. This 

must he carefully followed because the vapors from an unignited leak 

can travel over a wide area, ignite from a remote source, and cause 

extensive injury and property damage. 

b. Any surfaces that are exp0sed to the gas fire must be kept cool. If 

th~ exposure is a pressurized container, then a BLEVE (i.e. a Boiling 

Liq11id Expanding Vapor Explosion) is possible. Large quantities of 

water are necessary to cool the vessel. 

c. ~nder the cover of protective streams, attempt to shut off the fuel 

supply. 

d. If tl.e valve cannot he closed, then consideration should hE given to 

controlled burning to allow the fue 1 to he consumed. 

3. Guidelir.es for handli.ng flammahle Eouid accidents 

Fla1~ahle liquid incidents can inv0lve a leak with or without ignition. The 

following generalized procedures are given for handling the incident: 

Uni gn i tecl Leak 

a. Evacuate personnel down'"ind and dcwnhill from the leak. Use caution 

in locating :nd positioning apparatus and personnel. Keep 

signtseers and non-required emergency response personnel away from 

the scene. 

h. ~dentify the leaking product. 

c. Tf possihle, attempt to ~oncain the leak within natural or artificial 

harriers. Try to divert flow from exposures. Try to prevent liquid 

frcm entering sewer system. 
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d. EliminatP possihle ignition sources. 

e. Attempt to close valves or stop the leak. Personnel making the 

attempt should he protected from a possihle ignition of the vapors. 

If possihlP, the spill should he covered with a foam to reduce vapor 

production. 

hole or leak. 

Special devices can be used to attempt to close the 

Ignited Leak 

a. Keep personnel and apparatus upwind and on higher ground thar. the 

liauid. 

h. Identify the leaking product. 

If pos~ihle, attempt to contain the leak as in procPdu~e (c.) given 

for unignited leaks. 

~. Attempt to stop the leak as in procPdure (e.) given for unignited 

leaks. 

e. Use water strPams to keep storage tanks cool to prevent a BLEVE. 

Flush hurninK liauids out from under storage tanks. Remember, 

unmanned master streams can he used to cool tanks. 

f. Stay away from the Pnds of the storage tanks. Since the tank can 

swivel in ~vent of a BLEVE, an area 30° from the horizontal should 

also he kept clear. It is important to note that this does not 

imply thac an attack from the sides is safe. Tanks have been known 

to swivel 90° and overrun side positions. Use unmanned streams 

wherever possible. 

Coordinate use oi fog streams. One crew should not try to flush 

product out from under the tank while the other crew pushes it hack. 

l 
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h. 11ie change in pitch of the escaping gas from the relief valve can 

indicate a buildup of pressure. Move personnel hack should this 

occur. 

Protect the steel supports of storage tanks to prevent weakening and 

collapse due to heat. 

1· Apply correct extinguishing agent for product involvP~. 

k. Always keep personnel ~2fety in mind. Make sure an escape path is 

always available. Keep backup lines ready. Keep apparatus headed 

in direction of escape. 
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ChaptPr VI. A SUMMING UP: RECOMMENDED STRUCTURES FOR INDUSTRIAL EMERGENCY 

CONTINGENCY PLANS 

OncP thP appropriate type of plan has been chosen, the background material 

collPcted (such as hazardous material information, manufacturing process 

dPscriptioPs, resources available) and the preliminary work completed (such as 

hazard analysis), one can outline the kind of information the contingency plan 

should contain, and then proceed to write it down. In this chapter a list of 

the major sections usually found in contingency plans is given, together with 

a brief description of the contents of these sections. Table 5 outlines the 

spctions ususlly present in a typical co~tingency plan and indicates the types 

of pla11s ro which each section is applicable (a description of the different 

types of plans was given in Chapter II). It is not mandatory that all plans 

contain thP sections indicated. The list has been developed to provide to 

plannPrs a set of guidelines mapping out what can he ~ncluded in dif:o.rent 
fi I 

typPs of plans- • With reference to Table 5, the detailed plan sections are 

now Pxamined and dPscrihed. 

A. FmergPncy rPsponse notification (Front page notification) 

This sPction 1s designed to provide thP plan U3Pr with a quick meth0d to 

communicatf thP industrial e111Prgency situation, its seriousness and other 

rPlevant information to the "action-response people" or others to be aierted 

ir. case of an Pmer~ency. The quickest method for notifying an emergency is 

the telephone, if available. In this case, the relevant phone numbers to be 

callPd should appear in this section. Alternatively, any other method of 

m<iking the emergency known could he t·std and tloe relative instructions 

described in this section. In many incustrial plants an alarm is commonly 

used in case of an emergency. If this system is used, the way the alarm could 

hp raised and the location of the alarm stations should be given in this 

Sf'ction. 

The Pmergency response notification section should be; 

Brif'f (never more than one page in length) 

Easily accessihlf' (Locate nn the cover or first page of the plan. It 

shoulrl also hP rPpeated at leest once insidP thP plan, in case the cover 

is torn nff) 
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Table 5. Contents of different contingency plans 

Sections 

Emergency Response Notification 

Record of Changes or Am£.\1dments 

Letter of Promulgation 

Glossary and Abbreviations 

Table of Contents 

Introduction 

Emergency Response Operations 

Emerr,ency Assistance Telephone Roster 

Legal Authority and Responsibility 

Disaster Assistance and Co-ordination 

Procedures for Changing or Updating Plan 

Plan Distrihution 

Emergency Handling Techniques 

Resom·ces Available 

Laboratory and Consulta~t Resources 

Technical Library or Bibliography 

Hazards Analysis 

Documentation of Industrial Accidents 

Hazardous Materials Information 

Training Exercises 

Explanation of symbols: 

R.L. + 
T.R. 

1 

1 

NA 

1 

NA 

NA 

NA 

1 

NA 

NA 

2 

2 

NA 

1 

1 

NA 

2 

NA 

NA 

NA 

A.G 

1 

NA 

NA 

NA 

NA 

1 

NA 

NA 

NA 

2 

2 

NA 

NA 

NA 

NI. 

2 

NA 

NA 

NA 

R.L. + T.R. - Resources and Equipment List and Telephone Roster 
A.G. - Action Guide,Checklist 
R.P. - Response Plan 
C.P. - Co-ordination Plan 

1 - Recommended 
2 - Optiona 1 
NA - Not Applicable 

R.P 

1 

1 

2 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 
i 

1 

1 

1 

C.P 

2 

1 

2 

2 

1 

1 

1 

2 

2 

2 

1 

2 

l 
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Simple (reporting information, eme1gency telephone numhers or other 

operating instructions should he kept to a minimum). 

ThP following is a sample of the type of information included 1n the emergency 

response notification section: 

24-hnur emPrgency response telephone numher and/or method to raise the alarm. 

fmPrgency reporting information 

Caller's name, telephone numher, identification 

Location and source of accident 

Material involved and amount thereof 

Time of accident 

ArPa and/or waterbody endar.gered 

Personnel at scene 

Ac~ions initiated 

Shipper, manufacturer identification* 

Container type* 

Railcar/truck irlentification numbers* 

Placard/Jahel information* 

*Applicable to transport accidents 

OthP·r agencies to notify immediately. 

'flip contents of the initial accident report are critical. Incomplete or 

inacc11ratr information transmitted or communicated at the beginning of an 

emergency can lead to improper response and delay which may produce additional 

h.-zards. 

R. Records of amendments or changes 

Maintaining an up-to-date version of a plan is of prime importance. When 

corrections, additions, or changes are made, they should be recorded in a 

simple bookkeeping style no that all plan u~ers will be aware that th~y are 

using a current plan. The signature of the person making the change, the 

ch;:nge11 made, and the date shou lc a 11 he ~ioted. 

l 
I 
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C. Letter of promulgation 

This letter is a st~tement hy ~he lebal authority responsihle for putting the 

plan into action. The letter is usually signed hy the chief executive for the 

area the plan covers. 

D. Glossary and ahhreviations 

The glossary section defines terms and ahhreviations used in the plan. 

E. Tahle of contents 

Page references shot1ld he used to make sure key sections can he found quickly 

during emergencies. Critical tahles and figures should also be listed. 

F. Introduction 

This section explains the purpost of the plan, its scope and the major 

assumptions made during t1e plan preparation. 

G. Emergency response operations 

Ten response actions can be categorized: 

1. Nntification of emergency 

2. Initiation of actions 

3. Co-ordination of decision-making 

4. Containment and countermeasures 

5. Clean-up and disposal 

f.. Restoration 

7. Recovery of damages 

R. Follow-up 

9. Special response operations 

10. Apent-specific considerations 
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Certain response actions may occur simultaneously. For example, during 

cont,inment and :ountermeasures one may be using ~lean-up and disposal 

tf-chnioues. 

i. Notification of Pme~gency 

An industrial accident, within or outside an industrial facility, may be 

discovered by a variety of persons su~h as carriers, plant workers, government 

workers, or hystanders. It is nece~sary that these people have at their 

disposal a way of communicating the emergency to a plant key personnel, for 

accidents occurring in an industrial facility, or to the proper governmental 

agency, for accidents occurring outside the plant or ·preading out of its 

boundaries. The methods of communjcating the emergency should have already 

been described in the emerge·.1cy response notification section. Therefore this 

sub-section of the plan should: 

Repeat and reinforce any item listed in the response notification section 

Offer any explanat~on, discussion or special comments on those items 

Add any item that has not heen included in the response notification 

sections such aF: 

type of aid required 

person to ~ontact on scene 

observed hehaviour of fire and/or material involved 1n the accident 

weather and local terrain conditions 

popula•:ion of area 

anticipated movemeot of spilled material or fire. 

In some country it may he mandatory to report any spill of oil or designated 

hazardo·.1s material, or other types of severe industriai accident. In this 

case t:1e governmental agency to he contacted, its address and telephone number 

should appPar in this sub-section of the plan. 

l 
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2. Initiation of action 

BPforP actually rPsponding to an industrial accident, there are certain 

actions that must he taken to Pstahlish a firm base of operations. In this 

section, the following actions should he covered: 

Establish on-scene authority, i.e. who is ln charge 

Estahlish ~ommand post and communications network 

Identify material (from lnbels, shipping papers, placarding, etc.) 

Determine hazard t11reat (workers and puhiic safety, environmental, 

propertv, Ptc.) 

Warn plant workers and employees and/or public 

ActivatP Pmergency response teams 

Initiate evacuation procedure ~f necessary and fpasible 

3. Co-ordination of dPcision making 

In any industrial emergency contained within the plant the internal structure 

of command will have to he decided in advance (see previous chapters) and 

dpscrihe<l in this subsection. In any other case (i.e. for largPr accident 

requiring external help) at least two or more agencies are likely to be 

involved (local police and fire ?ersonnel). In even larger accidPnts the 

number of agPnciPs involved can grow to many more as municipal, provincial or 

national resourcPs are mobilized. In addition, materiais, manpower and 

technical assistance may he requested from other industries. ConsPquently one 

should work out in a~vancP and describe in this sub-section, to the greatest 

extent pc~sihle, the foilowing: 

First and foremost, who will he in charge 

What will he the chain of commanJ 

Who will maintain the command post 

When will the on-scene authority pass to another level and who will 

hP the nPw official r~sponsihle 

Who will have advisory roles 

Who will havP the technical say-so on response actions 

How do the officials in charge of different tasks ~eep each other 

in formPd. 

I 
l 
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4. Cor.tainnent and countermeasures 

Actions taken during this phase are directed tow~rds limiting thP damage 

caLsed to life, environment and property hy the industrial accident. 

Depending on the type of accident and its consequent hazards several 

prccedures may he employed. The following is a list of the most common 

acti0ns to he taken in case of an emergency. This list i~ obviously not 

ex~·austive and should he competed with whatever actions the planner estimat:e 

to he most appropriate; 

Evacuate workers and public from danger of explosion, poisoning or oirect 

fire exposure 

Fight fire (if any); avoid hazard to firefighters, and let it burn out if 

prudent 

Shut off or isolate sources of hazardous or flammahle materials, whenever 

feasihle 

Try to predict spilled or escaped material movement (such as a toxic gas 

cloud subject to wind action), if applicahle 

Contain spilled materials 

Contact manufa~turer of hazardous material in case of transport accidents 

Perform surveillance activities. 

5. Clean-up and disposal 

After the acute phase of the emergency is over, the clean-up and disposal of 

any hazardous materials that were released during the accident should follow. 

ihis phase is particularly relevant in transport accidents in which some of 

the technical aspects of the problem are interwoven with legal 

responsihilities. The actions to he considered in this sub-section include; 

Determine clean-up responsibility 

Determine availability of approved disposal sites 

List temporary storage sites 

I 
I 
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6. Restorati0n 

Tiie purpose of this response phase is to restore the environment, to such an 

extent as practical, to natural conditions. The extent of damages should he 

assessed and guidelines established for replanting and restocking of species 

as necessary. 

7. Recovery of Damages 

This sub-section of the plan deals with the recovery of the losses du~ to the 

accident and costs of emergency actions. Hence it should cover some or all of 

the following items: 

Determination of liahility (witnes~ statements and photographs may he 

required) 

Extent of damages (short and long tPrm monitoring may be required) 

Recommended rernibur:.e.nent procedures 

Legal means for resolving disputes 

8. Follow-up 

Tiiis sub-section expl;oins the use of post-accident monitoring data and other 

scientific reports for updating accident response procedures. 

9. Sptcial response operations 

Safety of respons~ personnel, wildlife clean-up and protection techniques, and 

special region-in·ecific prohlerrs are documented in this section. The response 

personnel safpty section shauld inclt,de a di:;cussion of recommended safety 

equipment ana personal hygiene activities. 

10. Haz~rd-specific considerations 

Guidelines for response to particular hazards, such as fire, oil and 

petroleum-related substancPs 1r hazardo11R chemicals, may he requirc<l. 
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(a) Firr drpartmrnt personnel are usually trained and equipped to fight 

conventional firrs. In some industriai plants the presence of chemicals may 

~PouirP that possible fires be fought with special techniques, which should be 

outlined in this s•1h-section. An example is provided by uncontained liquid 

fires bring fed by a liquid not held in ~n open or closed vessel, such as a 

storar.,e tank, h•::.d or deep depression. When the liquid fire is uncontained it 

may rpread very rapidly if the spilled liquid fuelling the fire continues to 

flew. In such a case, the first step is usually not to extinguish the fire, 

hut to cut off the flow of liquid from the spilling tank. If such a fire is 

merely extinguished without cutting off the flow of fuel there is a serious 

risk that it will re-igni~e and cause a much larger fire or possibly an 

1 
. . . 46/ 

e~n os1on. As R1ns1nger wrote- : "It is more important to know when not 

to put: a fire out than to know the details of actual extinguishment". 

(h) Oi 1 and rrlated petroleum products may have caught fire or simply 

spilled. Fire departments are generally prepared to cope with such fires. 

However, they may no~ he prepared to contain a spill properly. 

(c) W:·en hazardous chemicals are handled, guidelines are required to deal 
. . 4 7 I with spills and hazards (such as fne and tmac release of gases)-. 

H. Emergency assistance telephone roster 

An accurate and up-to-date emergency telephone roster is an essential item of 

any response type contingency plan. A comprehensive telephone roster should 

contain the numbers of all those individuals, personnel, agencies, industries 

and organizations to he contacted when an emergency occurs. All phone numbers 

should he verified hy periodic calls to see that telephone numbers and 

personnel are still current. 
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I. Leeal authority Rnd responsibility 

I~ many cases, planned responses to certain emergencies may have been 

established as a result of laws, statutes, ordinances, etc. These laws 

provide the legal background to do some or all of the following: 

Authorize preparation of a plan 

Requice accident notification 

Determine liabilities 

Impose penalties 

Require clean-up 

Define governmental responsibilities 

Appro~riRte funds for clean-up 

'This section gives the opportunity to explain what laws are in effect, who has 

th~ authority to enforce them, and what are the mandated responsibilities of 

goverament. 

J. Disaster assistance ar.d co-ordination 

'This section should indicate where assistance can be obtained when ne 

operating emergency response system becomeL overburdened during an emergency. 

Pre-arrangements for assistance may be made with governmental agen~ies, 

bordering political provinces and large industrial firms. Provisions for 

interfacing with other contingency plans (e.g. natural disaster) may be made. 

It is important to be familiar with the civil defense disaster plan, if any, 

covering the area in question. When industrial accidents or hazardous 

material emergencies reach disaster magnitudes or when a natural disaster 

threatens to complicate an slrEady existing industrial emergency, industry 

officials or governmental authorities must know whom to contact to receive 

disaster assistance from the civil defense sector. 
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Anv outFidP co-ordination should he formalizeri through ~1tual aid agreements 

or mPmoranda of understanding specifying delegation of authority, 

rr-sponsihility, and duties. These agreements c:an be included in the plan if 

desired. 

K. Procedures for changing or updating the plan 

This section provides the mechanism for ensuring that plan contents are kept 

in a correct and up-to-date manner. Accurate plan information is necessary 

for swift and efficient emergency response actions. 

RPsponsihility shculd he delegated to someone to make sure that the plan is 

updatPd frequently and that al! ;. · m holders are informed of the changes. 

SomPone should periodically (at least every six months) check to se~ if 

stockpiled resources are availahle as indicated in the plan. 

Notification of changes should he via some type of written memorandum or 

IPttPr, and the changes should he recorded on the record of amen<iments section. 

L. Plan distrihution 

ThP plan distrih11tion list shoui.d account for all jndividuals, agencies, 

i!'ldustriPs and organizations rf'ceiving copies of the plan. This information 

is Pssential when determining to whom revisions and updates of the plan should 

hp sPnt. Also, it is important for each individual or group on the list to hP 

awarP of who has accPss and referPnce to thP plan. This awareness will 

promote co-ordinated emergency readiness and response among the various 

organizations. When planning at plant level it is advisable that a copy of 

the plan hP distributed tc. the outside responsf:- groups (such as police or fire 

fighters) most likely to i~tervene in case of major emergencies. 

M. Emergency handling techniques 

This 11ection should servp as a complement to some parts of section G 

concerning action to he taken during industrial emPrgency Rituations. This 

sPct ion should lOntain Rome hasic refPrPncP techniques for fighting th~ most 
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likPly accidents expected in a particular indu3try or area. 

ReferPnces48 • 49 • 50 • 511 could he usPd as sources of information concerning 

hazardous material spills, surface transportation accidents, fire protection 

and hazardous material, or spill clean-up techniques. 

N. Resources available 

This ~ection should contain three important pieces of information: 

What types of resources are available in case of emergency 

How much material and equipment is stockpiled 

Where it is located (including the way it can he obtained if necessary, 

address and telephone numhers) 

A comprehensive list of resource items could include: 

Fire fi~hting eQ.uipment (hoth fixed and ~obile) 

Hazardous matPrial spill clean-up equipment 

Communication equipment 

Emergency transportation (land vehicles, boats, aircraft etc.) 

ResponsP p~rsonnPl 

Personal protective equipment 

ApprovPd disposal sites for hazardous materials. 

WhPn prPpar1ng a plan at thP plant lPvPl it is advisahle to include nr ir.ly 

the rPsources availahle within the plant, h11t also those cf the community 

(city or province, dPpending on the plant size) that could be made availahle 

in casP nf a major accidPnt. Vice versa, when plan •. ~ng at thP rnutoicipal, 

prnvincial or national level, private resources should also be included 

hPsides those of public agenciPs such as fire department, policP, and civil 

dPfPnCP. 

ResourcP availability will changP with timP so this section of the plan should 

bP kPpt up-to-datP. 

-1 
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0. Lahoratory anc consultant resources 

nie scientific community may be a valuable source of technical information 

during hazardous reaterial spill emergencies. Technical experts can provide 

such services as advice on chemical toxicity, reactivity, and environmental 

damage, and puhlic and private laboratories may be eouipped to perform 

chemical analyses for monitoring purposes or for determination of unknown 

spilled substances. 

niis section should identify the various scientific groups capable of 

providir.g technical support, the persons at thes~ facilities to contact in an 

emergency, and the services available. Places to contact include colleges and 

universities, Governmen( and private industrial laboratories. 

P. Technical library 

Much information has been published on industrial emergencies, hazardous 

materials, hazardous material Epills, and contingency planning. For an 

emergency rPsponse or planning organization, a technical library at a 

convenient location could serve as a reference source and an instructional 

tool. 

niis section should simply list the technical references kept on hand. The 

reference may be a~notated to supply 1dditional information about reference 

contents. 

The following are some of the types of publications to be included: 

General references, such as pertinent laws, legislation, regulations and 

contingency plans operating in the area 

Specific technical references 

Maps, incl11ding land use, topographic and streams, drainage basins 

I 
I 
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O. Hazard analysis 

11iis analysis consists of determining where hazards are likely to exist, what 

places would most likely be adversely affected, and what is the probability 

that a industrial accident could occur at a given location. A method for 

conducting a hazards analysis was given in Chapter II. 

11ie results of the analysis should be outlined in this section. When a 

numerical calcvlation of the risk has been carried out, the method adopted 
should also he descrihed here. 

R. Documentation of industrial accidents 

Written reports are necessary to evaluate successfully an industrial accident 

as well as lending support to possible cost reimbursement and legal action. A 

standard format should he established. The following is a list ot the various 

Lypes of reports that have been used to <lccument industrial accidents: 

Initial accident report: 
it reports the initial specifics of an accident, 

such as type, time, location, materials involved, source of accident, 

health hazards response teams intervened, agencies contacted and comments. 

Chronological log: it maintains a minute-by-minute account of t:1e 

accident response activities such as emergency response team activiation, 

calls for help outside the plant. 

Final accident report: 
it summarizes the total event including C-'3use of 

accident, accident critiQ11e, damage assessment, expenditures, and 

liability conclusions. 
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Investigative report: it is the foundation for civil action against the 

accident responsible individuals or companies. Tile report also includes 

who and what was involved in the accident, where, when, how and why th~ 

accident occurred, witness statements, photographs, and other relevant 

material. 

S. Haz11rdo11 · material information 

Tilis section should provide technical support information on the hazardous 

materials involved in the manufacturing process (for a plant contingency plan) 

or on the most collll'lon hazardous materials (for municipal, provincial or 

national plans). Information to he developec in chis section includes the 
follo~ing32, 40, 49, 52/. 

Listing of hazardous materials 

Technical information 

Chemical properties 

Physical properties 

Measurment techniques 

Toxicological data 

~esponse personnel safety data 

Recommended fire-fighting techniques (if not already mentioned in 

previous sections) 

Shipping regulations lpackaging, labelling, and placarding). 

T. Training exercises 

Training exercises are the most important tool in keeping a plan fJnctiorally 

up-to-date. Tilese are simulated fire or hazardous material spill exercises 

where the emergency response personnel act out their duties and 

co-ordination interfaces are checked for proper match-up. Tile exercises may 

he realistic enough so that equipment is deployed, communication gear is 

tested, and "victims" are sent to hospitals with, for example, simulated toxic 

expOfmrei;. Tile purpose of exercises may he threefold: 

To test the a~eqnacy of the plan 

To train personnel 

To introduce new proced11re11, concepts, or equipment. 

---1 
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TI1e contingency plan should dele~a:e the authority for establishing training 

exercises, their frequency and means of evaluating their effe~tiveness. 

--1 
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Chapter VII. CASE STUDIES: LIBERIA AND SENEGAL 

LIBERIA 

A. Introduction 

A field mission t0 Liberia was carried out by a UNIDO consultant during the 

perio~ 2-23 Septembe~ 1983. Tiie purpose of the mission was to document the 

existing situation in Liberia concerning the preparedness and capability of 

intervention at national, pro~incial ~unicipal and plant level in case of 

major industrial accidents. 11ie consultant carried out an assessment of the 

hazards present in some of the major industrial establishments in the country 

and, when possible, £dvised the local responsible officials on measures to 

takF in order to prevent, control and fight industrial accidents, with 

particular reference to the preparation of contingency plans. 

An officer attached to the UNDP office in Monrovia estnbli3hed the initial 

contact between the consultant and the local government officials. The 

Liberian government counterparts were officials of the Ministry of Planning 

and Economic Affairs, Mrs. Estelle Liberty, Di~er.tor of Economic Planning and 

Ms. Louiza ~eeves, Re$earch Officer. Tiiey p.-oved to be of valuable ~elp in 

contacting the representatives of the local government and industries. 

1lie consultant and a counterpart visited a number of ministries and industrial 

establishments in order to collect relevant data and information. 

Tiie previous UNIDO study "Survey of marine pollutants from industri!ll sources 

rn the West and Central African region",2./ and the associated country sur.vey 

of Liheria 53 / were used as a general source of background information. 

l 
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B. General information 011 Liberia 

1. Population and employment 

The population of Liberia was estimated to be 1.9 million people 1n 1981 with 

a density of some 43.6 inhabitants per square mile. In 1985 the pro1ected 

population will be about 2.2 millions 541 . 

The employment structure is presented in Table 6. The figures for 1985 were 

obtained by using an annual growth rate of 3.1 per cent. 

2. Administrative organization 

The country is divided into n1ne counties and six territories, each 

administered by a superintendent under the direction of the Ministry of 

Internal Affairs. 

3. The industrial sector 

The Liberian economy is still predominantly agrarian (see Table 6). Monetary 

agricult•1re, which includes the agricultural concessions and plantations, and 

forestry accounts for some nine per cent of total employment. The industrial 

sector, including both mining and manufacturing activities, employs only 4.2 

per cent of the working force, but accounts for some 40 per cent of the gross 

domestic product (mining, 30 per cP.nt; manufacturing, 10 per cent) 541 . 

About q5 per cent of the annual production value from mining activities comes 

from iron ore production. The remaining 5 per cent is divided ar.ong gold, 

diamonds, barite and uranium mine exploitation. Current iron ore production 

is of the order of 17 million tons/year54 /. 

The manufacturing sector inclvdes somP 850 rPgistered manufar.ruring 

establishments, mainly concentrated in th~ Monrovia area
541 • They dre all 

private except for 24 joint ventures and four public. They are, in general, 

small-scale enterprises producing goods such as wearing apparel or furniture. 

Only about 60 enterpriser. are medium or large scale, employing 20 to 
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Tahle 6. Estimated employment structure distributed by major industry 
divisions as at 31 December 198054/ 

Maior Industry Division 

1. A~riculture and Related Activities* 

2. Mining and Quarrying 

3. Manufacturing 

4. Electricity, Gas and Water 

5. Construction 

6. w:iolesale/Retail Trade, 
Restaurants and Hotels 

7. Transport, Storage and 
Communications 

8. Finance, Insurance and 
Business Ser·Jices 

9. Government Services 

10. Other Services 

11. All InduRtries 

*includin~ monetary agriculture 

Number 
Employed 

538,000 

17,'>00 

11,000 

1,450 

8,000 

32,000 

15,600 

1,650 

32,000 

18,800 

676,000 

Distribution 
by Per Cent 

79.6 

2.6 

1.6 

0.2 

1.2 

4.7 

2.3 

0.2 

4.7 

2.8 

100.0 

-1 
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400 people. Some 25 industries of this group manufacture chemical, plastic, 

petroleum and other non-metallic mineral products employing some 20 per cent 

of the lahour force of the medium and lRrge industry group. With a few 

exceptions, only semi-processing or assemblying plants exist in Liberia. 

The total installed capacity for electric power generation is estimated at 

355 MW of '"·hich 68 are hydro-electric and the remaining thermo-electric. Some 

45 per cent of the total capacity comes from power plants owned by the three 

major iron ore companies. About one half of the total installed capacity is 

concentrated in the Monrovi~ area and produced by a government-owned 

enterprise. Due to age and attendant defecte, the available capacity in the 
54/ Monrovia area is probably much less~ • 

4. Development plans 

Two four-year development plans have been elaborated by the Liberian 

government. The first covers the period 1976-80. The second covers the 

period 1981-1985 541 • 

In spite of the world-wide recession in the steel industry, the three major 

mining companies plan to invest some $630 million in the expansion of rail and 

port capacities. More investments will be necessary if new deposits of iron 

ore are located in the Tokadeh, Grangra and Ymelliton regions (estimated 

reserves 530 million tons) are exploited. The capital expenditure for new 

facilities and equipment is expected to be $296.4 million during the years 

1983-85. Additional funds are going to be infused in the rehabilitation of 

the National Iron Ore Company (NIOC) which, at present, is not financially 

viable. A consortium of banks has already granted a $64.1 million loan in 

I 91l2. 

11iere are three programmes in the Second Plan aimed at promoting and 

supporting industrial development both in the public and pdvate sectors: 

Monrovia Ind11strial Park, Liberian Industrial Free Zone, and Small and Medium 

Scale Enterprise Department. 11ie Monrovia Industrial Park and the Free Zone 

are areas devolved to industrial development and operated under the management 

of 11pecial institutions created by the Liberian government. 11ie areas should 

he provided with utilities and infrastructure facilities to accommodate 

industrial establishments. 11ie ;fonrovia Industrial Park has nine 
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manufacturers • It is proposed to spend further $3.1 million to improve and 

expand its infrastructure. Additionai $3.8 million have been made available 

to improve and enlarge the Industrial ~ree Zone facility. 

The Small and Medium Scale Enterprise Department assists Liberians in 

estahlishing and managing small and medium scale industries throughout the 

country Assistance to the enterprises is given in a package including 

financial, technical and maDagerial assistance The ~hree loan schemes which 

have already been arranged will provide a total of $6.6 million for this 

on-going project. 

The projects proposed in the Second Plan to improve and expand the existing 

power generating facilities will cost ahout $38 million of which $27 million 

for on-going proiects and $1~ million for vrojects to be implemEnted during 

the p0 riod 1982-85. 

C. Contingency planning in Liberia: the national, provincial and municipal 

levels 

The consult<,1t ohtained information o, this subject through interviews with 

~fficials of the following ministries and agencies: 

Ministry of Commerce, Industry and Transportation 

Ministry of Finance 

Ministry of Internal Affairs 

Hin;.stry of JLstice 

Ministry of La hour 

Ministry of Land, Hines and Energy 

Hini&try of Planning and Economic Affairs 

National Fire Service Bureau 

National Investment Commission 

National Port Authority 

LiheriAn Industrial Free Zone Authority 

At present the capacity of the country to respond to a major industrial 

accident appears to he rather limited in terms of resources and equipment, and 

response structure and organization. 
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Liheria does not have a code of laws dealing specifically with the prevention 

3nd comhatting of industrial accidents. A Civil Defence Division or Bureau 

does not exist. 

A National Disaster Relief Commission was created in 1976 in ntder to 

co-ordinate the actions of different ministries in case of national disaster. 

The commission was never operational. A proposal for its re-P-stahlishment 

should he under preparation, hut it is difficult to antici~ate if and when it 

will he finally apFroved. Its implementation would also be an additional 

problem because of the lack of funds and resources to be used or mobilized 

during an e~ergency. 

In r.ase of national disaster the head of state has the power to mobilize all 

the resources that he may deem necessary, including the National Army. 

Liberia does not have a uniform code of laws dealing with classific&tion of 

industries according to risk to the population, which specifies criteria for 

plant safety and plant siting. The existing laws are only geared towards the 

prevention of accidents at the individual worker level (e.g. prescription of 

mechanical guards on moving or rotating machinery, or availability of first 

aid kits). As for large industries such as the mining companies, the 

government has dealt so far on a one-to-one basis, by approving concession 

acts which also contain plant safety and accident prevention measures based on 

international standards and subject to international arbitration in case of 

conflict. 

An internal safety committee is present in each mining company. its tasks 

consist of inve~tiy,ating injuries and accidents examining plant and worker 

safety measures and inspecting the plant. 

Even though no generalized lawK on industrial plant siting and land use exist 

at present in Liberia, some industrial rarks have been created in the 

neighhourho::>d of Monrovia such as these described in Section B. Most of the 

manufacturing industries of the country are located in these parks. The 

authoritiPs in charge of the activities in two of these parks (Monrovia 

Freeport and Inr:l1111trial Free Zone) have set up a code of ruleR and regulations 
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1 . "h"d ·1 f 55,56/ dea ing wit in ustria sa ety~~- • As ~n example, the National Port 

Authority (NPA) in charge of the Freeport area has a general set of guidelines 

tc deal with dangerous goods such as calcium carbide or tetraethyl lead. As 

for the tra~sport and handling of other da~gerous goods within the Freeport 

area, NPA refers to the US Maritime law which is explicitly declared to he the 

maritime law ado~-~d hy the government of Liberia. 

The industries operating within the industrial parks are not required to 

elaborate or keep any kind of contingency plans. As a safety precaution both 

the Monrovia Freeport and the Industrial Free Zone have at their disposal a 

team of internal fire fighters who can intervene in case of industrial 

accidents. 

The National Investment Commission (NIC) was created in 1979 with the broad 

mandate of co-ordinating the investment policies in Liberia and promoting its 

development. NIC is in charge of reviewing the applications for any new large 

investment in the industrial sector. New projects are examined by NIC mainly 

from an economic standpoint, but a technical committee within NIC c.lso 

exists. The committee, which is formed by representatives of NIC aP.d 

different interested ministri2s, ca, in principle give recommendations on 

safety aspects, even though only a very limited number nf technic:Jl experts 

are members of th~ committee. 

At present no legislation exists in Liberia concerning the establishment or 

implementation of national contingency plans, for natural disasters or 

industrial accidents. 

The legislation on prevention of industrial accidents is also very limited. 

The Division of Standards of the Ministry of Commerce, Industry and 

Transportation has elaborated some standard code~ for the storage and 

f . fl bl d h l" 57 / Oh d d transport o in amma e goos sue as gaso ine~ • t er angerous goos, 

1111ch as toxic, corrosive or poisonous chemicals, are not mentioned. The 

implementaton phase is assigned to the Fire Service Bureau and its inspectors. 

-1 
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Industries are not reQuired to notify ministries or agencies of any 

accidents. Neverthe:ess, the Ministry of Labour yearly publishes statistics 

on industrial accidents, on the basis of the requests filed for workman 
. 58/ compensations-- • 

Liheria lacks contingency plans also at the provincial level. The county or 

territory superintendents, who depend on the Ministry of Internal Affairs, are 

not even reQuired to elaborate any intervention plan for natural disasters. 

The possible intervention groups in case of accidents would be the fire 

fighters (who are under the jurisdiction of the Ministry of Justice), the 

police, the local units of the army, and other relief organizations (such as 

t~e Red Cross). 

The statutory duties of the fire fighters are fire prevention, and fire 

fighting and rescu~1 . The first task is accomplished by periodical 

inspections (usually once a year) of building and industrial facilities to 

check the availability of fire fighting equipment, as established in the 

Liheria Fire Code. A fire certificate should be released by the fire 

department before starting the operation at any new industrial establishment. 

In practice, the enforcement of the fire code is rather difficult because of 

the lack of resources in terms of both men and eQuipment. 

Tnis problem also seriously affects the fire fighting and intervention 

capability in case of accidents. Four counties out of nine have virtually no 

fire proteccion. Only two fire stations with a total of 75 men existy 1n 

Monrovia (where the large majority of manufacturing industries exist). They 

are eQ•1ipped with just one fire engine which is freQuently out of work because 

of lack of spare parts. Most of the hydrants existing in the Monrovia area 

are not operational. In most circumst~nces only the limited amount of water 

carried by the fire engine could he used to put out a fire. Communication 

prohlems are also extremely serious, thus rendering difficult the Quick 

raising of the alarm. Some areas 1n the neighbourhood of Monrovia could not 

he Quickly reached because of had road conditions. The capacity for 

interventions in accidents other than fire (e.g. toxic release or spills) is 

non-existing. 
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Th~ nPgativP situation could be partially rectified if new equipment and 

.naterial were available. Negotiations are already under way to purchase some 

$1.S million worth of new fire fighting eqcipment. 

Given the situation, ~ome of the major industries in the Monrovia area have 

organized their own fire fighting teams and intervention schem2s. In genEral 

the co-ordination between these and the municipal fire fighting team is rather 

limited. In some instances, however, industry fire fighting teams have 

co-operated with the municipal team in putting out building fires in downtown 

Monrovia. 

No list of industr~s 1s kept and no preplanning for major accidents at local 

industrial facilities 1s carried out by the municipal fire fighters. They are 

not sware cf the industry intervention plans, when existing. A record of all 

fires and interventions is kept by the municipal fire department. 

D. Contingency planning in Liberia: the plant level 

The consultant visited many local industries and interviewed the officials in 

charge. Tiie interviews were conducted using the questionnaire prepared by the 

consultant and shown in Table 7 as a model. The most relevant information 

obtained is reported in Table 8. 

Comparatively speakin~, the larger facilities visited tended to be better 

equipped and organized than the smaller ones. In the judgement of the author, 

this i~proved capability is due to: 

Use of international safety standards derived from past experiences in 

industrialized countries 

Larger negative impact on people, property and environment 1n case of 

accident 

Better design of plant layout 

Plant location in industrial parks or away from populated areas 

Use of more qualified manpower and management 

Better worker training 

Higher public "visibility" 
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Tahle 7. Questionnaire used during the visits to industrial facilities 

1. Data of establishment, number of employees and shifts 

2. Raw materials, final and i •. termediate products (including plant cap~city) 

3. Manufacturing process, machinery and process units 

4. Amount of raw ID.Bterials and final products usually in storage. Type of 

storage 

5. Safety devices on storage and process units (e.g. safety valves, bunds, 

flame arresters) 

6. Basic layout of plant (is storage separated from process?) 

1. Fire ~roofing 

8. Alarm and fire detecticn systems 

9. Fixe~ and 90bile fire fi~hting equipment 

10. Contingency plans and safety audits 

11. Command and responsibilities in case of accident 

12. Internal fire fighter department and/or emergency squad 

13. Arrangements and connections with external fire department 

14. Training and evacuation exercises 

15. Access to the facilities from the outside 

16. Transportation of raw materials and finished products to and from the plant 

17. Lahelling and placarding of dangerous goods 

18. Past accidents and consequences 

19. Major accidents that could occur 



':'able 8. An overview of major industries in Liberia and their emergency nrepa.redness 

Canpany Products Rav Amounts of Number Inter- Training Fire fighting equiJJ!lent Contingency 
and a.."lnual materials rav materials of vent ion exercises Water Foam Dry co~ or 

Plan 
production and products employees squa.! 

in storage hoses monitor powder ot er 
exting- type 
uishers 

Liberia Cof'f'ee same seasonal 1100 no• no• no• no• yes yes no 
Produce (10,000 t) 
Marketing Cocoa 
Corp. (5,200 t) 
(LPMC) Palm kernel 

oil (1764 t) 

Freeport - - - N.A. yes yes yes yes Yf!S yes yes 
of Monrovia 2 fire 1671)00 (not vritten) 
(NPA) engines gallons ...... 

...... 
reservoir I\) 

Liberia - - - - J-eS yes yes yes yes Yf'S no 
Industrial l fire 
Free Zone engine 
( LIFZA) 6 men 

Mesurado Oxygen air 1 month 22 yes no yes no yes yes yes 
stock workers (not vritten) 

Mesurado Soap Na OH 3 nionth 101 no no yes no yes ~'·8 no 
(900 t) Fatty stock 

acid a 

Meaurado Acetylene Calcium 3 month N.A. no no yes no yes yes yes 
carbide stock (not written) 

LIPFOCO Mattresses TDI, 1 month 32 no no yes no no yes no 
(J.l ,000) Freon stock 

!'Glyols 500 mattr. 



Company Products Rav Amounts of' Number Inter- Training Fire fighting equipnent Contingenq 
and annual materials rav mate-rials or vent ion exercisf!s Water Foam Dry co

5 
or Plan 

production and products employees squad 
in storage hoses monitor powder ot er 

ex ting- type 
uishera 

Liberia Batteries Sulphuric 30 t 26 no no no no no yes no 
Battery (21,000) ac;d 
Manufactur- Lead oxide 28 t 
ing Co. Lead 10 t 

Liberia Distilla- Crude oil 600,000 bbl 480 yes yes yes yes yes yes yes 
Petroleum ti on Gasoline: 1 fil'P. (weekly) (written) 
Refining products 65,000 bbl engine 
CCl!lpany (4.5 mill Kerosene: 10 men 

bbl) 43,000 bbl 
Fuel oil: 
200,000 bbl 
Gas oil: 
131,00 bbl ...... 
LPG: 1000 bbl ...... 

l.;J 

I 

Metallo- Plastic Poly- 10 tons 30 no no yes no no yes no 
plastic a items ethylene total 

(300 tons) Poly-
propylene 
PVC 

Liberia Matches Potassium 3 month 53 yes yes yes no yes yes no 
Matches 100,000 clorate stock; 6 men (monthly) 
Co. (LIMACO) boxes/day Antimony 2 million 

( 50 m/box) sulphide boxes 
Red phos-
phorus 
Sand,Glue 
Water 

Modern Rubber Shoe N.A. 50 no no no no no yes no 
Liberia shoes, uppers 
:'ootvear sport Soles 
Industry Co. shoes Glue 
(MOLIFCO) 7000 pai-">/ 

day 



Amounts of Number Inter- Training Fire fighting equipment Contingency 
Canpany Products Raw Plan 

and materials raw materials of vention exercises 

a..'lnual and products employees squad Water Foam Jry co~ or 
production in storage hoses monitor po'Wder ot er 

exting- type 
'.J~ .she.·r. 

Monrovia Cigarettes Tobaccr 3 month 39 no no no no yes yes no 
Tobacco 60,000/day Paper stock 
Company Glue 

Monrovia Beer Hop 3 month 300 no no yes yes yes yes no 
Breweries ( 180 • 000 hl) Malt stock 100,000 
Inc. Soft drinks Barley &8.l. 

(700,000 hl) Yeast reservoir 
-

Petro- Storage of - 2000 drums 45 no* no* no* no* yes* no* no* 
chemical lubricants, ...... 

...... 
Industries oil, gaso- ~ 

line, pro-
pane 

Parker Paint and Pigments 3 month 112 no no yes no "Mt" yes no 
Industrie-; lacquers Solvents stock 

( 280 • 000 gal ) 

West African TNT, shot- TNT 150,000 t 113 yes yes yes yes ye;. yes yes 
Explosives gun shells Smokeless total (monthly) (....ritten) 
and 3600 t and black 
Chemicals explosives powder 

Ammonium 
nitrate 

Firestone Rubber Rubber N.A. 10,000 yes yes yes yes yP.S Yf"S yes 
Plantation ( 140 ,000 t) Ammonia 5 fire 
Company engines 

40 men 

t 



Amounts of Nu111ber Inter- Tre.ining Fire fighting equipment Cont inti: ency 
Canpany Products Rav Plan rav materials of vention exercises and materials 

and products employees squad Water Foam Dry co~ or annual 
production in storage hoses monitor powder ot er 

exting- type 
uishers 

C™ENCO t:ement Clin•ers 26,000 t 125 no no yes no yes yes no 
(72,000 t) Gypsum total 

':£XACO Gasoline same 210,000 bbl 25 yes no yes rio yes yes yes 
Diesel oil 
Kerosene 
storage 

• The plants are located in the Monrovia Freeport zone which possesses a fire department available for intervention 
in the zone. 

N.A. - not available 

~ .. 
•.n 

_J 
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Of the three major in~~strial hazards, 1.e. fire, explosion, and t~~ic 

release, the first one appears to be, by far, the most serious. All the 

industries visited had some kind of fire fighting equipment even though only a 

few had some kind of intervention scheme and even fewer had it in a written 

form. An example of a good contingency plan obtained from a local industry 1s 

given in Section E. Larger industries were the only ones to have an 

intervention squad or even an internal full-time fire fighting team. When 

existing, these teams were relatively well equipped and trained. Titree 

industries had very wEll equipped teams prepared to combat accidents. 

Intervention squads which existed generally held training exercises regularly. 

~ecause of the lack of governmental standards on safety, most larger 

industries used their own standards including those concerning fire fighting. 

Smaller industries relied instead on guidelines and inspections of local fire 

fighters and insurlnce companies. Be~ause of the higher risk generally 

involved, insurance companies charged premiums 50 to 100 per cent higher than 

those they would charge to an equivalent company in an industrialized country. 

In some instances the consultant observed the use of some obsolete industrial 

eouipment which did not contain the built-in safety devices that would he 

considered standard on modern eQuipment. 

So far Liberia has been spared lar ·e industrial disasters with the exception 

of one industry-related accident; the land slide of iron ore w&ste on a 

village, which caused tens of casualties. The most common industrial 

accidents are due to machine or vehicle operation. Because of the small size 

and the site of the industries it seems rather unliktly that an accident of 

large proportion would affect the population. Tite only exceptions could be 

transport accidents in an urban area and accidents in small industries located 

in built-up areas. 
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E. Example of a contingency plan in ~iberia 

A very good example of an industrial contingency plan wa~ obtained from West 

African Explosive~ and Chemicals, Ltd. (EXCHEM), which has a plant (Caulfield 

Plant) at Harbel, Honserrado County. This company is a subsidiary of a 

Canadian explosives manufacturing company. 

The plan is concise and simple enough to be adapted to the different 

circumstances in which an accident may occur. It contains a!l the main 

elements of ~ contingency plan as described in Chapter VI. 

The plan is organized in sections. Section 1 contains the introduction, the 

purpose of the plan and the results of the hazard analysis indicating what 

type of accidents can be expected. Section 2 contains a glossa~y of terms and 

the coDDand structure in case of accident. Tiiis structure is the same as 

during normal operation as tu avoid confusion during an emergency. 

Section 3 contains the actions to be taken in case an accident occurs. 

Several possibilities are consi~ered as a result of the hazard analysis. Tiie 

emergency actions and responsibilities assigned to every employee of the plant 

are specified. 

Section 4 contains a telephone roster and the radio channels to be used to 

contact external response teams. Tiiis list also include& emergency phone 

numbers to obtain resources available in another nearby company (the 

Firestone plantation, which is a few miles away from the plant), the phone 

number of a legal office for consultation on the legal aspect related to an 

accident, and that of a public relations firm. 

Section 5 deals with training exercises anc with the procedures to review and 

update t~e manual. Durir.g the interview with the consultant, the general 

service manager of the plant confirmed that these exercises were held 

according to the schedule fixed in the contingency plan. 

The layout of the plant is shown schematically following the text of the 

contingency plan (see Figure 7). Tiie layout shows the location of the fire 

fightiny equipment, the assembly area, the control centre in case of accident, 

tht> t>mergency co11111tmication t>Quipment and the ;.ccesRes to the plant, usually 

~11arded hy 11ecuri ty ~uards. 

~------_________ ____.__ ___________ _ 
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ThP consultant noticed during the visit to the plant that security measures 

wPrP in effect at all times an~ that only clearly identified and authorized 

pPrsonnel had a~cess to the plant. 

ThP plan is presented in Section H. 

F. Planning for transeort accidents in Liberia 

TherP is no special legislation on the subject except for the transport of 

petroleum products. The requireme~ts for the use of a gasoline tank truck are 

specified. 

ThP international systems which are used to lobel hazardous materials are only 

occasionally known (through properly labelled packages imported from more 

industrialized countries ) and very seldom used. A notable exception is the 

local explosives factory. Explosives are usually moved at night by ship or by 

trucks using routes through non-populated areas. 

Most dangProus goods can freely circulate, unlabelled, through densely 

populated areas. In some instances the lr.cation of the industry and 

availability of just one route do not leave any other alternative. 

G. Conclusions and reconnnendations 

1. The country does not possess effective structures, organization and 

resources to fight major industrial accidents. Exceptions exist for certain 

industrial plants, hut their resources would probably not be sufficient to 

cope with an industrial disaster spreading outside the plant boundaries. 

2. An informal co-ordination plan exists among most of the local industries. 

In case of a major accident in one plant the emergency teams of the 

neighbouring facilities would most likely intervene as they have already done 

in the past during fires in the Monrovia area. 

3. Thf' larger industries in the cou'ltry appear to be, in general, relatively 

wf'll equippPCI and organized to combat ind~1strial accidents. The threat they 
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posed to the population is small because of the small number of large firms. 

Furthermore, they are located in sparsely populated areas or industrial parks, 

and the probability that a major accident will spr~ad beyond a plant boundary 

is minor. 

4. 1tie medium and small industries are more numerous and, generally speaking, 

much less prepared tn cope with industrial accidents. In addition, some of 

these industries are located in relatively populated areas. lllerefore the 

vu 7 nerability of the population to acciden~s occurring in these industriEs is 

much larger than from larger industries. Overall the level of 

industrialization of the country is very modest. llle risk of exposure of the 

population to industrial accidents is, in absolute terms, still very small. 

5. Because of the ongoing process of urbanization in the Monrovia area the 

population is most likely increase, also in areas nearby local industries. 

1tiis, when combined with the expansion of the local industry, could create 

new hazards and increase the vulnerability of the population to industrial 

accidents. 

6. It is recommended that the local government lake measures to limit this 

occurrance hy preparing zoning regulations specifying the areas to he assigned 

to industrial and human settlements. 

7. Fire appears to he the most common industrial hazarJ, particularly in 

small industries with limited intervention capability and organization. 

1tierefore, it is especially vital that the local fire departments be brought 

to an acceptable level of intervention capability by providing them with the 

necessary equipment, manpower and training. The plan for buying new fire 

fightfog equipment should be implemented in stages starting in 1984. 

8. In order to document more thoroughly the existing situation, the 

government should make a census of the existing industries and classify them 

according to the risk they represent for the population. Tiien, the local 

response teams could start to develop intervention plans together with the 

local industries. 



- 120 -

9. At present, transport accidents involving dangerous materials represent a 

maior ir.dustry-related ~azard faced by the population. Tite risk associated 

with the transport of hazardous materials in urban areas is likely to become 

e"en greater as a result of the higher population and traffic congestion in 

the Monrovia area, and the increasing number and volume of hazardo~s materials 

transported. 'nlerefore transport regulations need to hP adopted an~ 

enforced. A well equipped and tratned fire department is again the most 

important response team. 

10. It is recommended that the government include the institution of a 

national contingency plan as a part of the next four-year plan beginning in 

1986. 'nle guidelines Jiscussed in this document could be used for this 

purpose. 'nle development of the national contingency plan should be bas ~ 

the conclusions and reconnendations of this study. A good plan, combined w. 

an expanded intervention capability of the fire fighters should reduce the 

number and consequence~ of major industrial accidents and minimize damage from 

tl.ose which occur, therehy protecting the popula~ion. 
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~i. Sample operational industrial contingency plan from the ~ACAF region: 

WEST AFRICA1i EXPL03IVES AND CHEMICALS LJMI~ED 

C/>ULFIELD PLANT 

EMERGENCY PLI' .N 
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1. Tntrodue:tion 

2. Definitions 

3. Individual Action Sheets 

4. Outside Contact List 

5. Routine Upgrading 
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SECT:!:ON 1 

Introduction 

The objective of the emergency plan is to set up a sequence of actions 
designed to have the following effect: 

l. Reduce or eliminate injury and loss of life 

2. Reduce or eliminate material damage 

3. Reduce lost production to a minimum 

4. Reduce external effects to a minimum 

An er.iergency is something which cannot be clearly predicted as to time, 
scope or location. To deal with an emergency, direction by a knowledgeable, 
responsible person is required. This person, described in this plan as the 
warden, must make full use of available resources with the four objectives 
listed above in mind. 

The major aim of the procedures given in the plan is to provide the 
co-ordinator with these resources in such a way that they can be deployed 
quickly with a minimum amount of direction and maximum effectiveness. 

There are three possible situations which require implementation o~ 
emergency procedures at the Caulfield Plant: 

1. Fire which cannot be controlled or isolated to a 
small area, or which threatens magazines or 
ammonium nitrate. 

2. Major accident. In the case of the Caulfield Plant, 
the most likely source will be ~ plane crash within 
the lease area. 

3. Explosion. Although normally a result of either 
(1) or (2) ebove, emergency proceaures must take 
into account an unforwarned detonation. 

In an emergency situation, people react better when they understand vhat 
they are to do and what is expected of each and everyone. This booklet is 
for your ~AYETY; you are asked to thoroughly read it and keep if handy at 
all times. 
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SECTION 2 

Definitions 

On-Site-Warden 

The senior person at the plant, among the ones listed under Organization, to 
take charge of the Einergency Procedures. 

External Warden 

The senior person at Peabody Farm (C-1 Compound)* who is available to take 
charge of co-ordination with outside agencies. 

Observer 

~ny person who observes an incident which he thinks should be classified 
as a fire, explosion or accident. 

Organization 

. ' Operations Manager 
I 

I 
Production 

General Manager I •--~~~-Technical Services Supervisor 

C 11 G 1 S 
.i ontro er enera erv1ces Manager 

I 
Shipping Supervisor Maintenance 

Superintendant Super intendant 

* A nearoy smal 1. farm where the ~xtern9.l warden is lodged (UNIDO explanatory 
note) 
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SECTION 3 

This section of the plan has been tabulated in such a way that individual 
members of the supervisory staff will refer to only one sheet in order to 
perform the actions necessary to get the emergency procedures rolling. 

The observer, who may be any employee and may not be literate, has only 
simple actions to make; these can be explained to all employees in 
group sessions. 

The wardens will require a complete knowledge of the plan in order to 
make full use of the facilities at their disposal. 



l 
I 
I fAGE 1 

C'FSERVER 

FIRE 

1 -Call Guard House 
(tel. 24)or use VHF 
radio 

-Have Main Gate Secu­
rity guard repeat 
message 

2 -Not explosives 
(a) Remove any 

explosives to a 
safe place 

(b) Fight fire 
1 -If there are burning 

explosives go quickly 
to guard house or 
nearest gate 
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ACCIDENT 

-Call Guard House 
(tel. 24) or use 
VHF radio 

-Have Main Gate Secu­
rity guard repeat 
message 

EXPLOSION 

-Call Guard House 
(tel. 24) or use 
VHF radio 

-Have Main Gate Secu­
rity guard repeat 
message 

-Help any injured person -Help any injured person 

-Stand by to help 
supervision 

-Go to guard house or to 
nearest gate 

~ ~-- ---~ ~---------------'------------------
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FAGE 2 

~IN GATE GUARD AND SECURITY SERGEAN~ 

FIRE 

1-Repeac message to observer 
to check accuracy. Write 
down his name, where he is 
and ti.me. 

2-a) Call duty Supervisor 
(see board) 

b) Call ?roduction Super­
intendant (tel.28 or 23) 

c) Call Operation Manager 
(tel. 12) 

Repeat message each ti.me. 

3-Ann.Junce "™ERGENCY" 
3 times on radio CH2 
HOLD ON CH 2. 

4-Sound stand-by alann 
1 minute continued blast 
on the siren. 

5-Let only EXCHEM personnel 
into plant. Check out 
visitors. 

6-Follow radio instructions 
f1·om warden. 

ACCIDEN'I' 

-Repeat cessage to observer 
to check accuracy. Write 
down his name, where he is 
and time. 

-a) Call duty Supervisor 
(see board) 

b) Call Production Super­
intendant (tel.28 or 23) 

c) Call Operations Manager 
(tel. 12) 

Repeat message each time. 

-Announce "EMERGENCY'' 
3 times on radio CH 2 
HOLD ON CH 2. 

-On instruction from duty 
Supervisor or warden sound 
stand-by alarm. 

-Let only EXCRE·! personnel 
into plant. Check out 
visitors. 

-Follow radio instructions 
from warden. 

EXPLOSION 

-Repeat message to oberver 
tu check accuracy. Write 
down his name, where he is 
and time. 

-a) Call duty Supervisor 
(see board) 

b) Call Production Super­
intendant (tel.28 or 23) 

c) Call Operations Manager 
(tel. 12) 

Repeat message each time. 

-Announce "EMERGENCY" 
3 times on radio CH 2 
HOLD ON CH 2. 

-On instructions from duty 
Supervisor or Yarden sound 
stand-by alarm. 

-Let only EXCHEM personnel. 
into plant. Check out 
visitors. 

-Follo¥ radio instructions 
from warden. 



SEC1:R:.C':'Y CHIEF 

FIPE 

1-Locate personnel as 
follovs: 
a)Day Shift 
i Sergeant at control 

centre. 
ii Gateman-check out 

visitors, let in only 
personnel authorized 
by varden. 

iii Stcurity driver-pick 
at least 4 mare off­
duty security 
personnel. 

iv lieutenant-assist 
fire chief. 

b )Off-Shift 
i Sergeant open outer 

gate ( 2) , close 
inner gate (1). 
Stand-by at guard 
house radio, prohibit 
entry to all except 
EXCHEM staff. 

ii Gateman-go quickly to 
scene of fire, fight 
it vith all available 
security guards. 

- When additonal help 
arrives go with 2 men 
to pole gate at end 
of plant access road 
and regulate access 
of traffic to plant 
area. 
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ACCIDEN-=' 

-Locate personnel as 
follows: 
a)Jay Shift 
i Sergeant at control 

centre. 
ii Gatemen-check out 

visitors, let in only 
personnel authorized 
by varden. 

iii Security driver-pick 
at least 10 more off­
duty security guards. 

iv Lie11tenant-go carefully 
to scene vith a portable 
radio report facts. 

b )Off-Shift 
i Sergeant open outer 

gate (2), ~lose 
inner gate ( 1). 
Stand-by at guard 
house radio, pruhihit 
er,try to all except 
EXCHEM staff. 

ii Gateman-go to scene of 
accident vith portable 
radio, report facts. 

-When additional help 
arrives gc vith 2 men 
to pole gate at end 
of plant access road 
and regulate access 
of traffic to plant 
area. 

EXPLOSION 

-Locate personnel as 
follows: 
a)Day Shift 
i Sergeant at control 

centre. 
cl Gatemen-check out 

visitors, let in o~ly 
personnel authorized 
by warden. 

iii Security driver-pick 
at least 10 more off­
duty security guards. 

iv Lieutenant vill stand 
by near control centre. 

b)Off-Shift 
i Sergeant open outer 

gate ( 2), close 
inner gate ( 1). 
Stand-by at guard 
house radio, prohibit 
entry to all except 
EXCHEM staff. 

ii Guards-withdraw to 
fence gates (3), (4). 

-When additional help 
arrives go vi.th 2 men 
to pole gate at end 
of plant access road 
and regulate access of 
traffice to plant 
area. 



F::E CAF':'AIN 

1-Assemble fire crew. 

2-(a)Fire in areas 
accessible to hoses: 
i Uncoil hoses from 

hydrant hcuses. 
11 Start fire pumps. 

(bJFire in other 
areas: 
i Put all spare 

extinguishers on 
a truck. 

ii Take truck, front 
end loader, grader 
to scene of fire. 

iii Go by car with 
radio to take charge 
of fire fighting. 
Switch radio to 
CH 2. 
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ACCIDENT 

-Assemble fire crew. 

-(a)Fire in areas 
accessible to hoses: 
i Uncoil hoses from 

hydrant houses. 
ii Start fire pumps. 

(b)Fire in other 
areas: 
i Put all spare 

extinguishers on 
a truck. 

ii Stand-by for 
instructions from 
warden. 

EXPLOSION 

-Assemble fire crew. 

-(a)Fire in areas 
accessible to hoses: 
i Uncoil hoses from 

hydrant houses. 
i1 Start fire pumps. 

(b)Fire in other 
areas: 
i Put a.11 spare 

extinguishers on 
a truck. 

ii Stand-by for 
instructions from 
warden. 

--~----- -~---______ _....__ ____________ ......., 
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~iTr'~P\:>TQ.'1~ 
l.... ...... ~-·' - ...... - ... 

1-C~ll for radio silence 
or toth channels by all 
exc~Ft supervision. 

~-Check that security 
contacts ?roduction 
Sureri!'ltendent and 
1)perations ~-lanager. 

3-Contact Maintenance 
Supervisor and Super­
inte!1dent or the 
electrician. 

4-Contact (a) :ire Chief, 
(b) production, trans­
rort, security and 
magazine supervisors 
to have them initiate 
emergency procedures. 

5-Go to scene of fire with 
a portable radio tuned 
to CH 2. 

G-Off-shift send for 
auxiliary fire crew. 
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ACCIDENT 

-Call for radio silence 
on both channels by all 
except supervision. 

-Check that security 
contacts Production 
Superintendent and 
Opera·;ions Manager. 

-Contac•, Maintenance 
Supervisor and Super­
intendent or the 
electrician. 

-Contact (a) Fire Chief, 
(b) production, trans­
port, security and 
inagazine supervisors 
to have them initiate 
emergency procedures. 

-Stand by at control 
centre. 

-Send to plant road 
junction for drivers 
and help. 

EXPLOSION 

-Cal~ for radio silence 
on both channels by all 
except supervision. 

-Check that security 
contacts Production 
Superintendent and 
Operations Manager. 

-Contact Maintenance 
Supervisor and Super­
intendent or the 
electrician. 

-Contact (a) ~ire Chief, 
(b) production, trans­
port, security and 
magazine supervisors 
to have them initiate 
emergency procedures. 

-Stand by at control 
centre. 

-Send to plant road 
junction for drivers 
and help. 



PAGE 6 

FRCDUCTION SUPERINTENDENT 

FIRE 

l-~ake over as on-site 
"'arden until the 
arrival of Operations 
tfanager. 

2-Check that require­
ments listed in all 
sections are being 
carried out. 
Nominate dep1J.ties 
as required. 

3-Assist warden and 
oversee recruitment 
and allocation of 
personnel. 

4-Evacuation: 
Co-ordinate check out 
of personnel and their 
removal to a safe 
location. 
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ACCIDENT 

-Take over as on-site 
warden until the 
arrival of Operations 
Manager. 

-Check that require­
ments listed in all 
sections are being 
carried out. 
Nominate deputies 
as required. 

-Assist wardeL and 
oversee recruitment 
and allocation of 
personnel. 

-Evacuation: 
Co-ordinate check out 
of personnel and their 
removal to a safe 
location. 

EXPLOSION 

-Take over as on-site 
warden until the 
arrival of Operations 
Manager. 

-Check that require­
ments ljsted in all 
sections are being 
carried out. 
Nominate deputies 
as required. 

-Proceed to safe view 
point with car or with 
portable radio and report 
on nature and size cf 
explosion. 

-Evacuation: 
Co-ordinate check out 
of personnel and their 
removal to a safe 
location. 



1-Remove all '.'.E including 
Tn'l' to r.earest safe 
CTaga:ine or to Fl sample 
roof!l. Lock up. 

.'-'.:\.II!lp :·1 mixer batches 
i.;hatever stage into 
racker tanks. Leave 
packaged slurry 
inside building. 

3-Fark any slurry or 
ANFO in transit at 
nearest safe barricaded 
magazir.e or any build­
ing on side away from 
fire P.nd r;lant. 

4-Send work leaders (a) 
to control point or 
(b) co nearest safe 
exit gate if control 
roint is not access­
ible. Work leaders 
will regulate and 
record exit of 
personnel from the 
plant. 

5-f'rovide any personnel 
needed to assist the 
f' • . ire crew. 

h-Line up orderly 
departure to control 
centre or, if the 
evacuation siren is 
sounded, to nearest 
exit gatP. 

7-0ff-;;hift: call in 
work lf'aders, 6 men 
from Charlesville and 
road ,junction. 

TJ'.!TD() •·xro1 anatory notes: 

HE high explosive 
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ACCIDENT 

-Remove all EE including 
TNT to nearest safe 
magazine or to Fl s&T.rle 
room. Lark up. 

-Dump Pl mixer batches 
whatever stage into 
packer tanks. Leave 
packaged slurry 
inside building. 

-Park any slurry or 
ANFO in transit at 
nearest safe barricaded 
magazine or any build­
j ng on side away from 
fire and plant. 

-Send work leaders (a) 
to control noint or 
(b) to nearest safe 
exit gate if control 
point is not access­
ible. Work leaders 
will regulate and 
record exit of 
personnel from the 
plant. 

-Provide any personnel 
needed to assist the 
fire crew. 

-Line up orderly 
departure to control 
centre or, if the 
evacuation siren is 
sounded, to nearest 
exit gate. 

-Off-shift: Cl'l.11 in 
work leaders, f) men 
from Charli?svi lle and 
road junction. 

;'W:' - trinitrotoluene, a hip;h explosive 

EXPLOSION 

-Remove all nE including 
TNT to nearest safe 
magazine or to ?l samplt: 
room. Lock up. 

-Dump Pl mixer batches 
whatever stage into 
packer tanks. Leave 
packaged slurry 
inside building. 

-Park any slurry or 
ANFO in transit at 
nearest safe barricaded 
magazine or any build­
ing on side away from 
fire and plant. 

-Send work leaders (a) 
to ~ontrol point or 
(b) to nearest safe 
exit gate if control 
point is not access­
ible. Work leaders 
will regulate and 
record exit of 
personnel from the 
plant. 

-Provide any personnel 
needed to assit the 
fire cr•~w . 

-Linc up orderly 
departure to control 
centre 8r, if the 
evacuation siren is 
sounded, to near~st 
exit gate. 

-Qff-shifL,: call in 
work L:~aders, h men 
from Charlesvillc and 
road junction. 

T'-.1 i d0ntification code for one of thP ODF·ration hui1 dings 
ANFr- tr11de nrunP for nitrocarhonitratr!, a commr!rcial h]a~;ting ~.i.gent 
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!AGE 8 

'.·!AINTENANCE ~UPERINTENDENT/SUFERVISORS/E~~C'C:'IICIAN 

?IRE 

1-Check that '.".he powe:· 
to fire pump is on. 
Get plumber on 
stand-by. 

. -Have 1~lectrician 
stand-by to isolate 
areas specified 
by fire chief or 
\;-arden. 

3-Start engines on 
grader, front end 
loader, buses, two 
truchs and pickup. 
Provide drivers for 
graders and pickup. 

1i-Start stand-by 
generator. Have man 
ready to connect it 
to main transmitter. 

5-Have mechanic with 
tools on stand-by 
near control point. 

ACCIDENT 

-Have 'lectrician st and­
by to isolate are'.l.s 
specified by fire = .ief 
or -.-arden. 

-Start engines on gr~der, 
front end loader, buses, 
two trucks and pickur. 
Provide drivers for 
graders and pickup. 

-Start stand-by genera­
tor. Have men ready to 
connect it to main 
transmitter. 

-Load oxyacetylene 
equipment on pickuri. 

-Have mechanic with 
tools on stand-by 
near control point. 

~-Off-shift: bring -Off-shift: bring 
electrician, mechanic, electrician, mechanic, 
drivers, plumber, drivers, plumber, 
grader operator. grader operator. 

-Check that ti1e rr,,...e1· 
to fire nump i::; on. 
Get ri~ unber cm 
stand-b::. 

-Have electrician st:rnd­
by to i solat,, areas 
specified by fire chief 
or warden. 

-Start engine::; on grader, 
front end loader, buses, 
two trucks and pickup. 
Provide drivers for 
graders and pickup. 

-Start stand-by 
generator. Have man 
ready to connect it 
to main transmitter. 

-Have mechanic with 
tools on stand-by 
near control point. 

-Off-shift: bring 
electrician, mechanic, 
drivers, plumbPr, 
grader operator. 



f'AGE a 

·: '.iA:L''.'ORTA~ION ~'llFERVISOR 

~ - 1!a·:e drivers take buses, 
t~· trucks and pickup 
t0 be parked in orderly 
fa:chioi: outside gate 
rn~. 1. 

~-Have two more drivers 
;.tand-by near control 
site. 

ACCIDEN'I" 

-Have drivers take buses, 
two trucks and pickup 
to be parked in orderly 
fashion outside gate 
no. 1. 

Have two more drivers 
sti=>.nd-by near control 
site. 

EXPLOSION 

-Have drivers take buses, 
two trucks and pickup 
to be parked in orderly 
fashion outside gate 
uc. 1. 

Have two more drivers 
stand-by near control 
site. 
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OfERATIONS MANAGER/ON-SITE WARDEN 

FIRE 

Take over as warden on 
arrival at control 
point. 

~- Check that ~equire­
ments listed in all 
sections are being 
carried out. 

3- Obtain feed-back on 
CH 2 radio from duty 
Supervisor or Fire 
Chief. 

~- Contact external 
·,.rarden relating 
nature of incident 
and help required. 

j- Arrange for addition­
al help as required. 

6- Arrange for one 
person to record 
proceedings. 

7-

8-

ACCTDENT 

-Take over as warden on 
arrival at control 
point. 

-Check that require­
ments listed in all 
sections are being 
carried out. 

-Obtain feed-back from 
Security man at the 
scene. 

-Contact external 
warden relating 
nature of incident 
and heJp required. 

-Arrange for addition­
al help as required. 

-Arrange i'or one 
person to record 
proceedings. 

-Notify Firestone 
Hospital as to type 
of injuries. 

-Record names of 
persons sent to 
hospital. 

EXPLOSION 

-Take over a::; · .. nrden ,·,:. 
~ 1 

arr.,va~ 

point. 
<:>t co::~rol 

-Check that require-
ments li::;ted in all 
sections are being 
carried r_,ut and deterrr.i!1t• 
whether it is 3afe tc 
approach the scene of 
explosion. 

-Cbtain feed-back from 
Production Super­
intendent. 

-Contact external 
warden relating 
nature of incident 
and he:p required. 

-Arrange for addition­
al help as required. 

-Arrange for one 
person to record 
proceedings. 

__ ...... -..-.. .... ----.-.-------------------..... 
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?.X':'ERNAL WARDEN 

ALL EMERGENCIES 

?et up control noint at "eabody Farm house cf the General Manager. Have one 
!'Ort able radio and the car with four channel radio available. 

Call personnel on the outside contact list requesting EMERGENCY stand-by. 

On request from the on-site warden, give specific requirements and ti.ming 
to the outside contacts. 

Arrange to record a sequence of events, action taken and timing. 

f'rovide feedback on the progl'ess of help to the on-site warden. 

rrepare statements and data for press and Goverrunent agencies. The General 
Manager or his assistant is the only cne authorized to deal with the press 
and pub~ic agencies. 
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SECTION 4 

Outside Contact List 

A. Roberts International Airport 

1. Communications equipment 

2. Airport approach hazard notification 

3. Ambulance, first aid 

4. Fire equipment 

5. Security assistance 

6. Generator, portable lighting 

7. Personnel transportation 

for all items co~tact: 

General Manager 

Aircraft Handling Services Manager 

Fire/Rescue 

Police 

IBase Safety Manager 

B. Firestone Plantaticns Company 

1. Ambulance/first aid 

2. Hospital services 

3. Front end loader, bulldozer 

for items 1 and 2 contact: 

Medical Director - hospital 

Ambulance service and Police 

for item 3 contact: 

Engineering Manager 

U.S. Liberia Radio Corp. 

PHONE 

Office 

200 

293 

209 

199 

262 

5-2939/ 
5-2336 

5-28'{6 

5-2011 

5-2131 

Home 

112 

5-2603 

5-2424 (night) 
5-2494 

5-2222 (night) 

5-2341 

)-2567 (night) 

Alternatively, use channel 3 on the 4 channel car radio for any Firestone contact. 
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Outside Contact List - cont'd 

C. :lat ional l'olic2 Force, Roberts field 

1. fraffic control 

:_.::,ctar.der control 

D. :iat innal Security Agency 

contact - Director 

E.~impaon, Bright and Cooper 

'..cgal 3.J.vice 

contact - H.R. Cooper 

F .1\ ':ind A Enterprises 

r\1hl ic Relations 

contact - J. Adighibe 

'.'HutlE 

22833 (res.) 
26229 (home) 
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Routine Upgrading 

iractice and Drills 

Fire drills will be held monthly simulating different hazards. 

Full emergency drill including evacuation and setup of contro~ centres 

to bP held twice yearly. 

Review of Procedures and Manuals 

Manual to be reviewed before and after the bi-yearly practice. :'roced1ires 

and. write-up to be updated accordingly. 
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Key: 

*Extinguisher 
• Water drum with bucket 
A. Sand bucket 

Scale 1 inch • 200 feet 

Figure 7 
Layout of EXCHEM plant 
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SFNfC.AL 

A. Intyoduction 

ThP purpose of the study was to establish: 

Whether there were any national or local reports for action in the event 

of a disaster; 

WhethPr thPre were any such report~ in industry; 

What provision was made in whatPvPr reports there were for collaboration 

and co-ordination. 

In .~rldition, if there was no general plan, the aun was to draw up a draft 

gPnPral schPme for the implementation of contingency reports in a disaster. 

0n the hasii:i of UNIDO/ICIS study No. 170 of 30 July 1980, "Etude des polluants 

manns d'origine industrielle11601, and in conjunction with the Senegalese 

a11thoritiPs concerned, a number of plants were chosen which might present some 

rlangPr hy reason of their products or their situation. Later, after a visit 

to the industrial zone (Dakar-11iies), a final list of plants to be visited was 

drawn up. A sulllll1ary of the findings resulting from these visits is given in 

Table 13. 

A more detailed description has b~en prepared separately for a more specific 

study to asi;ess the risks that exist. 

On the basis of discussions with the competent authorities, it has been 

possible, in section C, to give a review of the general means available for 

dealing wit~ disasters. To complete the picture, information has been added 

in the same section on marine pollution, although that subject does not lie 

within the scope of the study. 

Throughout hii; mission the expert greatly appreciated the fact that he was 

ahle to call on the collaboration of the services of the UNIDO SIDFA, 

Mr. Luong, and the UNDP Resident Representative, Hr. Borns. 
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The expert was also greatly assisted hv tlit> great co11S11itment shown hv 

Mr. B. Kant~. representing the Senegalese Government, and the help given hy 

Mr. Diop and his colleagues in the DPpartment of the Enviro'lmPnt. Without 

their support, the mission could not have heen brought to a successful 

conclusion. 

B. General information on Senegal 

1. Area and population (1981) 

Tahle 9 shows the distribution of population in the different regions in which 

the country is devided. It is to he noted that there is a heavy concentration 

of the population in Cap-Vert and that industry is also concentrated in that 

region. 

2. Administrative organization 

Eight regions, 30 departments and 90 districts. 

3. Resour~es 

Phosphates, limestone, ilmenite, zircon and marine salt. T1ere are known 

deposits of iron, manganese, aluminium, graphitP, tin, lead, gold, molybdenum, 

lithium, barium, tungsten, uranium and petroleum. 

4. Employment: private and semi-private 

Table 10 shows the employment situation in Senegal by section. 
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Table 9. Population distribution. 

Regi .. o Population Area 
No. % No./km2 % 

Sine-Saloum (Kaolack) 1 167 000 20 49 23 945 12.2 

Cap-Vert (Dakar) 1 271 000 21 2 310 550 0.3 

Casamance (Ziguinchor) 815 000 14 29 28 350 14.4 

Thil>s (Thi~s) 786 000 13 119 6 601 3.4 

Diourbel (Diourb~l) 464 000 8 106 4 359 2.2 

Fleuve (Sa int-Louis) 566 000 10 12 44 127 22.4 

Louga (Louga) 466 000 8 16 29 188 14.8 

S~n~gal-Oriental (Tambacounda) 333 000 6 6 59 602 30.3 

5 868 000 100 29.8 196 722 100 



Table 10. Employment by sector. 

Agriculture, hunting, fishing 

Extractive industries 

Manufacturing industries 

Electricity, water and gas 

Building and public works 

Commerce, hotels, restaurants 

Transport, storage, communications 

Banking, insurance, real estate 

Other activities 
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Total~ 

1976 

2 584 

2 319 

25 402 

4 520 

4 339 

17 447 

15 097 

3 345 

6 780 

81 833 

1985 (1) 

( 2) 

(2) 

37 120 

5 131 

5 181 

19 790 

33 210 

7 023 

28 638 

136 093 

(1) Extrapolated from mean annual growth for the period 1971-197S. 

(2) ThPse two activities are included in the figure of 28,638 for "other 

activities". 
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~- fconomic deveiopment 

Fifth Plan (1977-1981) 

The Fifth Plan resultPd in the following achievements: 

Setting up of Dakar-Marine project with a floating dnck for vessels of up 

to 60,000 tonnes; 

Construction of a new 200,000-tonne oil works <1t DiourhPl to replact> thP 

old SEIB and Petersen installations; 

Fish meal project at Diiffer; 

Fxpansion of textile dyeing (ICOTAF) and printing (SOTIBA-SIMPAFRIC) 

facilities; 

Start of exploitation of DIAM-MIADIG gas. 

This resulted in 4,708 new iohs. 

Sixth Plan (i981-1985) 

The Sixth Plan provides for the creation of 6,270 jobs and new ICS factories 

at Taiha and Mbao, the extension of Socomin (hricks and cemt>nt), SAR (crudP 

oil refining), STS and the Sotexka project (textiles). TablP 11 shows the 

proposed investment by sector. 

On 19 May 1983, a rev1s1on of the plan was introduced. By 30 June 1983, 37 

per cent of the total value of the planned projects had heen implemented. 

With 41 of the approved projects Cap Vert has more than half of the total 

investment, while the Thi~s region has 15; the further away one goes from the 

Dakar-Thi~s zone the smaller the number of projects. The main risks of 

industrial accidents are thus around this industrial development zone. 

Heavy industry (e.g. chemicals, petrochemicals, iron and steel) is not much 

developed at present, hut with the ICS project Senegal will enter this field. 

Certain new dangers will then arise with the transport of dangerous goods by 

rail and RPa. 

SomP industrial indicators for Senegal are given in Table 12. 
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TahlP 11. Propospd invPstmPnt hy SPctor 

Proeosed investmPnt in millions of CFA francs 
RPgion Agro ChPmicals Engineer- Mining and Textiles % 

ing construction ar:d others 

SinP-Saloum 614 9 597 8.3 
Cap-VPrt 4 950 26 513 1 311 14 600 5 465 42.8 
Casamance 799 3 921 568 3.7 
Thi~s 624 36 657 1 467 6 115 770 36.9 
DiourhPl 116 83 360 96 0.5 
Fleuve 1 260 200 319 3.6 
Louga 459 2 895 184 0.5 
St.5n~gal-Oriental 459 2 895 80 2.8 

WholP country 11 942 63 253 2 78R 28 510 17 079 123 562 
~ 9.66 51.19 '" 2.22 23.07 13.82 100 



Table 12. Industrial ind>cators 

Fishing 

510 000 t 

Petroleum refining (1983) 

Phosphates of lime, Thaiha 

Phosphates, Thi~s 

- 148 -

Phosphates of crude alumina, Thi~s 

Phosphates of calcined alumina, Thi~s 

Installed power capacity 

Number of ships recorded at Dakar 

Volume of producer 1 000 
3 

water in m 

Number of hospitals 

Number of health centres 

1980 

900 000 t 

1 300 000 t 

140 000 t 

80 000 t 

105 000 t 

184 MW 

7 536 

58 025 (1979) 

12 

36 

1 

1 

1985 

344 000 t 

200 000 t 

900 000 t 

90 000 t 

150 000 t 

170 000 

11 200 

83 950 

15 

66 

t 

l 
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chemicals industry. 
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no 
7V the 

(a) IeS project: The purpose of the project lS to exploit tertiary calcium 

phosphate, with a view to th~ production, mainly for export, of liQuid 

phosphoric acid and derivatives such as monoammonium phosphate (HAP) and 

diammonium phosphate (DAP), as well as simple and triple superphosphates, all 

products used in the manufacture of fertilizers. 

Tile new plant will have an output of 600 tonnes a day of phosphoric acid, 

necessitating an annual input of 600,000 tonnes of crude phosphate. 

(b) Production of nitrogenous fertilizers: The production of nitrogenous 

fertilizers invol~es an extension of SIES, which will be carried out as part 

of the res project. It is in fact desirable that the manufacture of solid 

primary fertilizers (MAP, DAP), which will be produced and exported by ICS, 

and that of complex fertilizers primarily intended for the dJmestic market 

should be combined in a single unit. 

(c) Extension of Soci~t~ Africaine de Raffinage (SAR): The extension project 

for SAR will increase its annual refining capacity from 900,000 to 1,200,000 

tonnes. nie existing plant will also be modified and adapted for the 

treatment of heavier crudes. Lastly, the tanker unloading facilities will be 

remodelled and enlarged to take ships with a higher unit tonnage. 

Mechanical and electrical engineering industries 

Tile establishment of a steel plant with an electric furnace and of a ro"i.1ing 

mill producing long iron and steel products: concrete reinforcing rods, light 

and medium sections and wire rods (to supply the Dakar drawing mill) should 

make it possible to achieve the objective of setting up a steel industry. The 

planned switch to induetrial-scale operations hy the Thi~s foundry should take 

place during the Sixth Plan. 

-1 
' 
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~'.Fhra group: This is a project for thf' manufacture of electric cables which 

has hPPn under consideration since the Fifth Plan and on which a start could 

he made during the Sixth Plan. 

Mining and construction materials industry 

Exploitation of the La Fal~m~ iron ore deposit; 

On thP hasis of the licence granted hy S~n~gal-Oriental, BRGM will continue 

its operations, i.e. p~eparations for working the Sabodale gold deposit 

(production in 1988); 

0n1y one hrick-making plant is at present operating in the Thi~s region. This 

11nit of SOCOCIM-Industrie produces approximately 12,000 tonnes of brick 

products a year. An extension proiPct should be carried out during the Sixth 

Plan. Two pro.iects for new brick-making plants are under study, one at 

Saint-Louis (12,000-14,000 tonnes a year) and the other at Ziguinchor 

Lime: since 1982 a plant has heen producing 14,000 tonnes a year of unslaked 

limP or 20,000 tonnes a year of slaked lime; 

Plaster (~TES): production - 2,000 tonnes a year; capacity 20,000 to 25,000 

tonnPs a vPar; 

CemPnt: Pxtension and renovation of the SOCOCIM plant, increasing its present 

annual output of 370,GOO tonnes to 820,000 tonnes in 1983; 

Attapulgite: these clays are heing exploited for industrial purposes by 

Prochimat. SSPT has applied for a licence for the production of 50,000 tonnes 

of attapulgite in 1983 and ~J,000 tonnPs in 1985. 

c. Action in the event of a disaster or major accident 

1. Civil defence 

Senegal has had an adequate civil defence system since 1964 (Decree 

Nn. 64-564 of 30 July 1964). 

ThP decree makes the Hinieter of the Interior responsible for drawing up 

organizational reports; he is to be assisted by the Department for Civil 

Defence a11d the Higher Connr.ission. 

Civil defpncP nwaRureR of prPvPntion, protPrtion and 11ssistance 11re to be 

1indf'rtakPn to de11l with firP and othPr di ;aste1s, catastrophie11 'JT cat11clyRmll 

whirh thrPaten p11hlic sen1rity. 
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iirgan iz.cs t iua• 

Measures to combat fires and to provide assistance are to be undertaken by 

units of the National Fire Service. 

The most senior officer of the National Fire Service serving in a region is 

responsible, under the authority of the Governor, for matters concerning the 

organization of assistance. As part of the general arrangements for 

assistance in the event of a major accident or s~rious incident, the Minister 

of the Interior, with the assistance of thP ministers concerned, or?~nizes and 

co-ordinates intervention hy the machinery of the public services and private 

agencies capable of rendering assistance. 

The organization of civil defence includes a'llong other things measures of 

assistance such as fire fighting, removal of rubble, rescue operations, health 

protection, decontamination and the provision of food for affected populations. 

Orders specify the particular provisions applicable to the areas and large 

population centres covered by special measures. 

Department for Civil Defence 

Its functions are: 

To study appropriate methods of protection of populations against the 

risks of peacetime and the dangers of wartime; 

To prepare the necessary legal instruments; 

To crganize and direct the various civil defence services at all levels 

and, in particular, the National Fire Service; 

To undertake the recruitment and supervise the training of civil defence 

pen1onnel. 

The Department consists of an administrative office (personnel and equipment), 

a research office and a secretariat. 
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Order No. 012341 of 4 November 1975 makes the research division responsible 

for; 

Drawing up legal instruments relating to matters of prevention; 

Examining files relating to the construction or alteration of 

establishments open to the public, with a view to ensuring conformity 

with the laws and regulations in force. Such examination will enable the 

Director to give his opinion on the advisability of authorizing 

construction or alteration; 

Monitoring the application of the rules and regulations relating to 

establishments open to the public; 

Analysing incident reports prepared by the National Fire Service; 

Applying permits issued by the Minister for industrial Development for 

the opening and operation of dangerous, unhealthy or noxious industrial 

establishments; 

Determining the general principles governing reports for the organization 

of assistance (ORSEC); 

Maintaining a national index of classified establishments. 

Higher Commission 

Decree No. 81-1105 of 18 November 1981 establishes the membership of the 

Commission, which is the consultative body and is convened by the Minister of 

the Interior whenever he deems it necessary and not less than twice a year. 

Tiie Higher Commission gives its opinion on all matters relating to the 

protection of persons and property in establishments open to the public and on 

any other questions which may be referred to it by the Minister of the 

Interior. 

Regions 

Tiie eight regions have co-ordination commissions, in which all parties 

concerned, including industry, are represented. 

In an emergency, the civil defence system may, if necessary, seek help from 

any quarter, e.g. the police, the public, etc. 



l 

The civil defence system is based on communal autonomy and responsihility. 

The headQuarters is in Dakar. and each regional capital has a higher centre 

(making eight in all). 

In addition there are 30 emergency action centres in the districts and 

departments. Each emergency action centre has a transport unit, a fire unit 

and a rescue unit. 

2. Research and rescue service: aviation 

Decree No. 68-1274 of 11 December 1968 established a search and rescue service 

(to he known hy the international title of Search and Rescue (SAR)) with 

responsibility for the organization, management and supervision of search and 

rescue operations. It is placed under the dual authority of the Minister of 

Transport and the Minister for the Armed Forces (Defence). 

SAR oper~tions are carried out by a rescue co-ordination centre known as CCS. 

3. Action in the event of marine pollution 

Facilities are available. Canada sent Senegal a surveillance aircraft on 10 

June 1983. 

ThP protocol relating to co-operation to combat pollution in critical 

situations adopted at the Abidjan conference provides for the estahlisl:ment of 

an emergency plan of action to deal with such situations, to he established at 

the national, bilateral and multilateral levels. 

On 2 July 1981, the Minister for Housing and the Environment submitted the 

following propos11l for thP SenegalP11e plan to the National Council for Town 

Planning and thP Environment: 



Sp2llage alert and evaluation report; 

Assessment of the situation and mobilization of action teams; 

Action on land and sea; 

Administrative and legal procedures. The project for the establishment 

of an emergency plan of action, which is estimated to cost 200 million 

CFA francs, is scheduled for inclusion in the Sixth Economic and Social 

Development Plan. 

The alert 

This initial phase is the responsibility of national agencies, i.e. joint 

action of the Air Force, the Navy and the Engineer Corps. 

The Commander of the Navy is responsible for ordering the alert in the same 

circumstances as those applying to coastal water monitoring operations, for 

transmitting the message and for making an evaluation report within the hour. 

Assessment 

The report of the naval commander shall contain an assessment of the incident 

(nature, extent, location, flag under which the ship is sailing, etc.). 

The mobilization of the action teams is the responsibility of the naval 

commander, the commander of the Military Engineer Corps and the Ministry of 

the Interior. 

These action teams, which shall he set up in each Atlantic coastal region, 

shall be composed of: 

For action at sea: specially trained staff from the National Guard of 

the Fire Service placed under the authority of the naval commander and 

the commander of the Military Engineer Corps. The naval commander shall 

he in overall charge of the operation. 

For action on land: the teams shall be composed of specially trained 

staff from the mobile operational group and, as required, prisoners 

convicted under the ordinary law and volunteer services. 

These teams shall he under the authority of the Minister of the Interior. 
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Action 

The success of this crucial phase depends on the availability of equipment and 

other aids. It requires: 

For action at sea: permanent and adequate stocks of anti-oil slick 

products, stored in ports, floating dams, powder cannons with air 

compressors, tugs, fire boats, vortex pumps and separating tanks, if the 

operation concerns the recovery of crude petroleum, etc. Some of these 

supplies are already available in ports. 

For land operations, the action teams should have equipment, and cleaning 

and coastal restoration products. 

Procedures 

This phase, which begins as soon as the alert 1s announced, comprises the 

following: 

Co-ordination of the administrative and legal procedures; 

The administrative procedures and legal follow-up; 

Diplomatic action. 

4. Fire Service 

Measures to combat fires and provide assistance shall, 1n normal 

circumstances, be undertaken by units of the National Fire Service. 

Each town has fire brigades. The one 1n Dakar 1s well organized and has all 

the usual facilities for dealing with fires. 

Every industrial plant is obliged to contact the Fire Service before starting 

operations. The Service ma'.ces suggestions as to the devices to be installed. 

Conununications, particularly by telephone, are the greatest problem. The 

network is often out of order. 
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5. Industry 

The plants visited have the usual facilities for dealing with fires: powder 

extinguishers, hose3, powder wagons. Few of them have a proper plan of actic~ 

fc.r dealing with a major accident. TWo of them did produce such a plan. 

Table 13 shows the findings of these visits. 

ll is thert>forc recommended that plants which present some danger should draw 

up emergency repnrls. A system which could serve as a guide in drawing up a 

plan is annexed. 

When a classified establishment is opened (there are three categories, 

depending on I.he degree of danger, which are based on French legislation), 

special fire prevention measures ere laid down. 

Act No. 83-0S of 28 January 1983 (Official Journal of 23 April 19R1} 

reor~anized ~he system of classified establishments, superseding the existing 

Act, which was based on the french Act of 1919. There are now Lwo 

categories. Teils regulating th~ new system of applying for Ruthorization are 

in the course of preparation. 

So far ?,881 app1;•;ations for permission to open a classified establishment 

have been madf' in Senegal, most of which ~elated to hydrocarbon depots and 

petrol stations. There are still 1,718 in operation. 

The opinion of the Department ior Civil Defence is requested each time. 

As regards the use of dangerous substanceq. few people know the meaning of the 

danger labels on barrels, such as the IMOG, ADR and EEC labels. 

-1 
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':'a~le 13. An overviev of major industries in Senegal and their emergency equiµnent 

r'.l!EUHiH 
Wot' It- Powder Water Powder 

Plant Production Raw matet'ial1 fore• Plan Per1onn•l u:t i ngu l 1her1 ho1e1 wagon 

1 Polyurethane foam Polyol, TD!, No Ii staff Yes Yes YRS 
35 t per month freon 
Indu1trial soap, Palm oil, 
8~ NaOH, HCl 
29,000 to 30,000 t 1·· 

•_Jl 
per year -I 

I 

2 Polyurethane foam Polyol, TOI, Yes Yes Yes Yes 
40 to 60 t per freon 
month 
Furniture 
111anufacture 

---

3 Water-baaed vinyl Toluene, No YtHI Yea Yes 
paint1; car paint, naphtha, 
epoxy paint for pigment a 
lndu1tt'lal uu, 
polyut'ethane 
2,200 t pe~ y•ar 

(Continued) 

_J 



Faci ll ties 
Work- Powder Water Powder 

Plant Production Raw materials force Plan Personnel extinguishers hoses wagon 

• Phosphoric acid Amonia, 340 to No Own security Yes Yea Yea 
60 t per year phosphate, 350 and medical 3001ll3 
Sulphuric acid sulphur services tank 
Superphoaphate 
ferLl lizer1 
300 to o\00 t 
pei:- year 
Plaster 5 t 
per hour 

I 

s Plastics Plastic 1'i0 No No Yes Yes Ye11 I-' 
\J1 

processing pellets O> 
I 

350 to 400 t 
per year 

-
6 Toilet paper, Paper rolls, 215 No No Yea Yes Yea 

ICleene:s, cardboard sprinltlei:-
writing paper, under study 
cardboard, 
etc. 

7 Regeneration t•f Used engine and 16 No 7 persons Yes Yes Yes 
alneral oils industrial oil motor pump 
1,600 t 
per fear 

(Continued) 

_J 
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l1!CUHie1 
Work- Powder Water Powder 

Plant Production Raw materiall force Plan Per1onnel e:irt l ngu hher1 ho1e1 wagon 

-
8 Crude oil Crude oil 270 Ye1 in 2 firemen Ye1 Ye1 Yu 

ret:nlng wl'i tten per post P'oam 4 motor 1 flre 
1,200,000 t form 1 security 1y1tem pump• engine 
per year audliary 1,800 m3 2 ambulances 

own fire- per hour 
fighting 1,600 1113 
1chool re1erve tanlt 

9 Pe1ticides Yes in Yes Yes Yes Yes 
(packaging written 75 m3 
and f i 11 i ng > form reserve f--' 

'Jl 
Valva pastilles ·.c 

---
~o Groundnut oil, Groundnuts, 600 to '4o Yes Yes Yea Yes 

cake cottonseed, 1,000 19-man Water tower l ambulance 
hexane s~curi ty 260 1113 

unit. well 
2 fire-fighting 100 m3 
team• per hour 

_J 
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6 Example of an existing plan 

General information 

Fire Service: emergency No.: tel. 18 

Thiaroye Station: emergency centre: tel. 212629 

Works alarm: siren 

alarm button 

The plan contains the foilowing specific instructions: 

Smoking is totally forbidden in the workshops. 

Access to all workshops must be kept free at all times (cardboard boxes, 

cases, shovels, etc.). 

Workshops must be tidied and svept at the end of the day (stools under 

tables to permit free passage). 

The low-voltage substation must be turned off before workshops are closed 

at the end of the day. 

Finished or semi-finished products must be returned to their respective 

store rooms. 

Fire extingt·~shers must be accessible at all times. 

Premises must he kept closed. 

Before departure, the foreman must activate the workshop disconnecting 

switches in the low-voltage unit. 

Only the pilot light must remain on. 

The names of the staff responsihh are also given and their duties are laid 

down in official memorandums. 

The staff respor.sihle for the fire prevention service carry out regular checks 

and organize practice drills. There is a contract with SICLI (the fire 

protection d~partment of Etablissements Peyrissac at Dakar). The layout of 

the plant is shown in Figure 8. 

Special checks are laid down for: 

High- and low-voltage station 

By the responsible ntaff, plant No. 1: 

Hechhnical engineer and assistant works manager 



Key: 

• Fire hose points 
•Portable extinguishers 
tr Wheeled extinguishers 
*Alarm siren 

Scale 1 : 1000 

Figure 8 

Layout of VALDAFRIQUE plant 

f-' 
CJ'., 
f-' 
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(A) During scheduled interruptions in the SENELEC high-voltage supply: 

Cleanin~. dusling, lubricalion, painting, etc.; 

(b) F.very weekend on low-voltage circ~;ts and during periods of 

preventive maintenance (July-August). 

Gas_ equipment 

PermAnent monitoring during use of deodorizing apparatus; 

Weekly checking of flange joints with soap foam; 

At the end of each working day, the c:rcuit valves musl be turned off and 

checked. 

As shown above, the emergency equipment consists of a 75 m
3 

reserve waler 

supply US m
3 

underground tank and 50 m
3 

water tower), fire hose point.s 

&nd extinguishers. This equipment is checked every quarter and the checks are 

entered in a register. In addition, SICLI also checks the equipment 

periodically. 

7. Triinsporl 

Thr.rc is no special legislation on the transport of dangerous goods. The ADR 

system for providing information on such goods a~d marking them is unknown. 

Consignmenls of goods other than hydrocarbons are practically always 

accompanied by the police or by a special escort car from the factory. 

But one may ask whether that will always be possible in the future. Various 

dangerous goods, moreover, are transported in drums in containers or by lorr~ 

from the port of Dakar to the factories, e.g. solvents, sulphur, caustic soda, 

polyol, TOI, pesticides. Some system therefore needs to be established for 

identifying this type of transport operation. 

D. Org_a~i_;_ation of environmental pro~ection 

1. S2negal: Act of 28 January 1983 promulgating the Environmental Code 

The Official Journal of the Republic of Senegal of 23 April 1983 published 

Cpp.324-332) Act No. 83-05 of 28 January 1983 promulgating the Environmental 

Code. The code is concerned with reform of t~e system of classified 

establishments and the introduc~ion of arrangements for preventing water, air 

and noise pollutior.. 

-1 
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Clas~ifie~_ es~abl is_!!men~s 

The new Act replaces thP. existing le~islation based on the French Acl of 

1917. rt redur.es the three categories to two ~nd broadens the meaning of the 

term "classified establishment". 1t simplifies the administrative system. It 

allows a r.lassified establishment lo be temporarily closed if il i~ physically 

impossible to comply with the exisl;ng regulations. 

financial support 

There are various innovations to be noted: 

lntroduction of a single fee, charged when the permit is issu~d; 

An annual charge levied (by category) on the basis of the ar~a ocr.upiPd 

and the actual control costs; 

Exemption of enterprises which have been approved (under the Investm1~nt 

Code = exemption from taxes in certain industrial zones) from laxes on 

purchases of equipment for the control of pollution and other harmful 

phenomena. Non-approved enterprises arc entitled to faster depreciation 

of the anti-pollution equipment; 

Persons operating pollutant installations who have not taken the 

necessary measures by 23 April 1984 (exemption from taxes and royRlties 

and accelerate1 depreciation are incentives for the installation of 

equipment) will be liable to a pollution tax depending on the nature, 

quantity and toxicity of the waste produced by their plants-

Water pollution 

The procedure for authorizing certain kinds of waste and laying down the 

conditions under which other kinds may be forbidden will be regulated by a 

decree. 

I 
I 
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Enforrem~nl drrrecs will specify the ca~es end conditioGs in which the 

emission ot smoke, soot, du~l or toxic, corrosive, odorous or radio-active ~as 

inlo the atmosphere will be forbidden or regulated. 

Measures will be lAken to re~ulalc a whole range or arlivities. The AFNOR 

standards will be applied. 

2. Ministry of Nature and Natural Resources: Department of the Environment 

ll i rcc l•1r: Amadou Dcmba DIOP 

Deputy: M. Ka 

Division of 
Classified Establishments 
Chief: M. Ka 

I. Sow 
Division of 
l'ol lution Control 
Chief: B. l!"ll 

A. Ndiaxye 
N. Sylla 

Secretaries: M. Ndiaye 
N. Seek 

Division of 
Co-ordination 
Chief: B. Kante 

A. Kont.e 
Y. Cisse 

Administrative 
Office: 

0. Diaw 
A. Hane 
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I::. Conclt1si11ns 

The plants visited for the most part have the usual facilities for dealing 

with fires. They also maintain ~ood contact with the Fire Service. 

As regards contingengy plans issued in wrillen Corm Lr under sludy fnr firrs, 

PXplosions or accidental release.; of larr,c quantities of pollulRnts into lh·~ 

air or water, there is very little of a specific nature. Plantr. ought to draw 

up practical contingency plans, on the basis of a ~cnerAl plan. This should 

certainly not entail the introduction of sophisticated equipment or 

complicated arrangements; the plant plans should be simple, pract.ical and 

effective. In collaboration with the ~ire Service, prRclire drills can then 

be organized. 

Al the international level, danger labe:s and a system tor providin~ 

information on the dangers have bPen ciPvclopeci for the transport nf dangf'rous 

goods. Drivers and persons handling dangerous ~oods should he familiar with 

the meaning of the labels and other safety aspects. 

-1 
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Chapter VIII 

The WACAF ReRional Risk Assessment 

t\. Introduction 

The purpose of this chapter is to provide an analysis of the major industrial 

sourcPS of risk in the West and Central African Region. This research is an 

essential first step in identifying hiRh risk zones and sectors of industry, 

i11 establishing a baseline to which future risk lev~ls can be compared, and 

in proviciing motivation and guidance for the improved managemer.t and control 

of hoth industrial operations and remedial response preparedness. 

·:·1ie Lasic data on industries located in the WACAF region is taken from the 

earlier UNIDO/UN~P ··survey of ~arine Pollutants from Industrial Sources in 

lhc West and Central African Region" 5/ That study was the first survey of 

coastal sources of industrial pollution for the entire region, and contains 

1l~tailed data on industrial products and production. Wh~reas the focus of 

that study was on average wastewater discharges to the marine environment the 

risk assessment focuses on fire,cxplosion and/or the sudden, accidental 

H·leases of a; - and water pollution into the total environment. 

This study consists of several phases, as follows: First is the development 

of a sound and tractahle methodology for a Regional Environmental Risk 

Assessment (RF.RA). This includes a review of alternative methods for qualita­

tive and quantitative risk analysis and on assessment of the suitability of 

ca~h approach for application to the WACAF region. Second is the application 

of this methodology to the region using the data from the UNIDO/UtlEP survey 
5/ to perform a preliminary RF.RA. 

The objective is to provide nationol decision-makers, environmental and 

resource planners, and public safety managers with information about the 

rt: lative risk due to exist lng industrial act i·.,ity. This inform.at ion is 

intended to be of a screening nature. The zones or industrial sectors that 

have been indicated as relatively high risk then need to underg'.1 more 

detailed study. 

This ch.:1pter ls composed of f. sections. Section B describes risk assessment, 

the basic r,oals for the analysis, and the assumptions in conducting this 

research. Section(; r!.'view.; hath 'lualitatlve anci qudntitative methods for 

cond11ctln1: a risk assessmc·nl. Sf'cl Jon n presents the proposed models f'Jr 
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estimating (1) Fire & explosion risk and (2) Environmental Risk and a 

description of required in~ut data Section E is the Regional Environmental 

Risk Assessment. Section F presents a summary of findin~s. and recommenda­

tions for additional research and action. Section G presents the details of 

the methodology chosen for the RF.RA. 

B. Risk Assessment 

Industrial risk is the probability that an undcsirahle event will occur (in 

the operation of an industrial plant or in the product storage or distribu­

tion system) and induce undesirable consequences of some magnitude. The goals 

of risk assessllient are to: 1. Define the objectives of concern (e.g. public 

health, economic, other environmental); 2. Estahlish measures for the objec­

tives; 3. Define and determine the nature of the industrial accidents which 

can affect the environment; 4. Establish the relationships between the 

accidental events and the objectivt'S of concern; 5. Estimate the probabi l i­

ties of occurrence of the events of concern; 6. Analyze the distribution ot 

impacts on the objectives of concern. The steps may seem straightforward. Uut 

actually applying them is a difficult problem. For example, determining 

consequences of accidents on the environment may depend or the pollutants 

involved, timing and magnitude of release. Even if the pollutant discharged 

and the magnitude of d 4.scharge were known, expert opinion on the extent of 

impacts would differ. Carefully studied oil spills have shown that predic­

tions of impacts have often been inaccurate. 

The risk assessment is calculated for the WACAF Region at the time at which 

the data base was gath£red. Thus the output is a description of the relative 

pres2nt risk and not an analysis of the lncr~ase or decrease of risk which 

could occur as a result of policy or nanagement actions. 

There are several categories of industrial accidents which can lead to 

environmental impact. These include pla~t spills, accidental releases, pro­

duct contaminatior., fire and explosion, and transportation accidents through 

abnormal rlischarge of air, liquid or solid waste. All of these are of poten­

tial interest in the current study. 

Those affected by industrial accident& include all who co~e in contact with 

or are dependent upon the environment. This includes individuals, industries, 

and governl'M!nts. Impacts may include public health effects,ec0nomic losses 

,ind environmental damage. 
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bJsically, the sorts of events, impa:ted groups, and natures of impacts from 

industrial accidPnts are extrLmely div.~rse. A simplified model is necessary 

in order to develop a practical and operational method for calculation of 

industrial risk for the WACAF Region. 

c. Alternatives for Risk Assessment 

This section reviews severd.l approaches to risk assessment that may be appli­

c.ible to the current case and recommends a most appropriate method. There 

are a numhcr of text and case books which deal with the problem. An OECD 

~tu<ly of t•nvironmental damage costs, which presented largely the theoretical 

economic foundation for estimatinB damage cost function lent some insight 

into the nature of the underlying problem of environmental risk assessment 
f> 5/ Although there is a reasonahly lilrge amount of information on environ­

mpntal impact and many descriptions of environmental disasters, a relatively 

small body of literature deals specifically with assessment of the risks 

imposed on the environment by industrial activity. Works by Fisher 

Laga<lec 6li/ Wilson and Crouch 68/, Environm£>ntal Resources Limited 

63/, 
62/ - . 

and .\ ~i Best C0mpany ~/ provi.<led meaningful and/or workable alternatives. 

l ven if the impacts were well un<lerstood, there may not be sufficient data to 

q11antitativ~ly estimate the risk. For example, although the toxicity of a 

certain pc! lutant on a particular species of fish might. be known, the avail­

ahle currenl data to estimate transport of the toxin to the site of interest, 

and Lhc population of the species at the site might be unknown. 

Nethods of Risk Estimation 

This section reviews the several alternative methods for estimation of risk. 

LJgadec 64/ makes an interesting distinction which is between hazard 

analysis anci risk assessment -- drf ining hazard analysis as a component of 

risk ass"s!>mcnt. He suggests that an important first step in risk assessment 

is identification of "what constitutes a menace?" Hazards are defined simply 

as "the physica] possibility of the or:currence of an event". In contrast, 

risks are distinguished as "the pffective realization of this possibility, 

this reall7.atlon heing approached as a prohahility". One way of reinterpret­

inR this cihservdt!on Is to view ha7.ar<l analyses as a more "qualifative" 

assessment u! possibilities, and risk assessment as the "quantitative" 

asst'RSmt-ni of prohahllities and consequcnccci. 
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Qualitative methods in risk assessmC'nt 3re similar to those whicr have hePn 

used in environmental impact assessment; the methods are typically graphical. 

They display areas of critical resources (e.g. drinking water intakes, cool­

ing water intakes, fishing sites, shellfish sit~s, critical habitats, rPcrea­

tion areas) and indicate those with the potential for initiating an accident 

sequence (e.g. industrial plants by types, shipping routes, transportation 

routes, and storage facilities). Th~se reasonably simple graphical displays 

will indicate possible hazards hut give little idea of the .nagnitude of 

i~pacts. Also, they offer only minimal indication of the frequency of the 

impacts. 

The second major class of risk assessment methods an~ quantitative methods. 

These involVl' postulation of a model (causal or corrPlative) to explain the 

manner in 1o1hich risk may he incurred, and inference to deter01inl"' the paramc-

ters of the model. One of the hasic distinctions made for these mPthods is 

between hiscorical and "new" risk estimation problems. 

Historical risk is defined as events which have occurred frequently en<HIJ'.h to 

have allowed sufficient date. collect.ion for estimation of frequencies ancl 

impacts of events. As Wilson and Cr0uch fi8/ point out, often theories and 

l'Ven models of impacts ~i..1d risk wil 1 exist for sud: circumstances. For the' 

case of environmental impact due to industrial accidents in the ~ACA~ KLgion 

there has not been sufficient frequency of events of this sort in the area tn 

provide the basis for site specific risk assessments. This is <lul' to the 

relative rarity of severe events, the changing industrial climate In the 

area, and the gent:>ral lack of rt•ronnaissaric1~-level datn collecti~J11 on pollu-

tion incidents. 

Tht• alternative is to treat thP problem as one of a new risk situation. !lPrt' 

there is no history of vxpericnce with this p~ocess, and thC'reforc sim11lation 

r.wtliods must he used to p(edict the likely risks by a step by step analy~is 

of tl1P modes of fdilure, ,\common example is the risk due to devclopmcnt rif J 

new drug where tllcrc may not he similar chemicals on :he market, and infer-

ence will prohahly depend on findings from hiological testin~-

As in the current case, the "new" risk situation oay simply be that ot a 

phenomenon which has occurr~ri rlsewhere, hut for which there simplv ~oes not 

exist sufficient Information for the particular site and situation hdni·. 

analy7.1·d. AR \Jilson and Cro11rh 68/ stat<·: 

.. I 

I 
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The basic idea is to break down any new risk into a sequence of events, 

L·ach of which may be analyzed separately by theory, by an.-ilogy with his­

torical risks or from actual occurrence, and then to reconstruct the 

whole from these parts. (p. 52) 

For example, a model could be postulated relatiag the magnitude anri frequency 

of spill events to loss of aquatic resources. Then this model would be cali­

brated using data from historical events -- with the model -explaining- all 

differences between the sites. An analysis of this sort for every industry 

an<l pollutant type, for every class of receiving water environment, is well 

beyond the scope of the current study. Furthermore, it is doubtful that there 

exists the theoretical understanding to conduct such a study, and the site 

specific data base certainly does not exist. 

The alternative is to estimate ··new- risk through empirical <lata which are 

available. An important var!ation of this approach would be t~e uAe of 

experts judgement in the determination of the risks under study. In effect, 

these inputs are using some sort of a mental model to process data from 

analogous situations, and a theory relating these data to an estimated risk. 

This approach is especially attractive in screening or initial reconnaissance 

studies, for which neither the historic data base nor significant resources 

exist to conduct a more formal analysis. 

Carrying this to an extre~e, the entire causal structure, known as an event 

tree, leading up to a possible accident, can be postulated. Then with proba­

bilities a5signed to each event in the tree, th~ analyst can evaluate the 

probabilities of each of a number of outcomes, and thereby calculate an 

estimated iisk. This approach requires a complete specification of possible 

events leading up to an accident, and independence of factors leading to 

various outcomes. The most notable study of this sort was the Rasmussen 

study 67/. The Rasmussen Study was an assessment of accident risk in U.S. 

commerc!.al nuclear power plants. The key difficulti~s of this approach are 

the extreme numher of factors that must be .:onsidered, asBignmcnt of proba­

bllit ies of failure for each of these components, and the inat:ility to verify 

the risk estimates postulated. 

The choice of strategy for the current study 

A graphical approach could show potential sourc~s of industrial accidents 

util1zlng thl' industry descriptions in ~he UNillO/UN~'.P report 'l_/. In order to 
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complete this method, the potential resources impacted would have to Le iden­

tified, and a model developed for forecasting the zones of likely impacts 

around the industrial areas. Although in concept this approach is easy, in 

practice there are a r.umber of limitations which make this impractical for 

t~e current study. 

first rhe graphical approach does not identify the magnitude of potential 

impacts except in the most rudimentary sense. Miles of shoreline, popt•lation, 

or acres of impacted shellfish beds might be estimated • However the magni­

tude and frequency of these impacts, are not defined by this approach. The 

method may identify all areas which might be affected. However, in terms of 

providing guidance for determining the areas which most urgently require con­

tingency planning, the method is not very useful. Secondly there is no exist­

ing m0del on which to pattern the current study. No studies were found which 

address the impacts of industrial accidents covering the range of possible 

pollutants on the continental scale of interest in the current study. There­

fore, this qualitative gcaphical approach was not chosen. 

Most of the available quantitative methods are not suitable for the current 

study. The problem does not easily fall into the area of estimation of a his­

torical risk. There simply have not been enough historical events and there 

are inadequate data on e~ents whlch have occurred. 

This means that the current problem is best addressed as a problem of estima­

tion of a new risk. The most well developed approach to this sort of problem, 

namely the estimation of risK on the basis of event trees, and failure <ates 

of components, is far too detailed and information intensive. An analysis of 

this sort for a single industry type, in a fairly well defined ecosystem, 

would br a majcr undertaking, and far beyond the resm.rces available for the 

current study. Therefore, the approach used was to estima:e the risk from 

relevant empirical data which are available. 

Three types of empirical data have b~en used: First, the reasonably large 

data base on industrial accidents, including events of the type that lead to 

adverse environmental impacts. Secondly the UNIDO/UNEP study 11 provides 

industrial statistics that can be relat~d to the frequency of accident 

events. Thirdly , data are available which give the history of major events 

~hich have had adverse impact~ on the ~nvironment -- although not necessarily 

In ·he WAC:A~ regicn. Expt•rt jurlgmf·nt Is ust'd ro ~Ink thes1.• three• types of 
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data. This is the most expcclient approach for screening industrial risk ~n 

the rc~ion, and consistent with the resources availahle for the study. For­

tunately, two information sources are available which permit an approacl1 of 

this type. One, developed by A.W. Best ~/ in the USA, provides focuses only 

on the hazards while the second, developed hy Environmental Resources, Ltd. 

6l/, l'.K., is based on environmental risk including hazards and impacts. The 

details of their strategy, and implementation for the current study, are 

pr~scntcd in the next section. 

LJ. Outlinl' of the Chosen Risk Assessr.1ent Methodology 

The two main c lcmcnts of risk assessment are the detcrmlnat ion of the like li­

hood of an accident and the subsequent impact trom that accident. It is pos­

sible for an industry to have a hi8h hazard, hut if the vulnerability is low 

the envirl)nmental impact and thus the enviromnental risk may be small. 

Therefore two indexes are calculated in the WACAF industrial risk assessment. 

The first is the relative index of fire and explosion risk and the second is 

a relative environmental risk index. There are two basic components of the 

eitl1cr inclex. These are the industry specific factors (fire and Explosion and 

Environm~·ntal) and the site or plant specific "scaling factor." 

The first step in establishing a risk factor is to categorize industrial 

activity into distinct groups by products or industrial processes that pos­

sess similar hazard and impact potentials. Once this is done a risk factor 

c~n be determined for each category of industry hased upon historical, sta-

tistical, or theoretical data. 

The risk factor lo'ill then be a single numher for the "standard or average 

plant''in each category. That is, the risk factor will assume standard 

processes and standard safety precautions. 

In the absence of data from Afr~ca for establishing a risk factor, data from 

industrialized regions in the world are useu. The causes of fire and explo­

sicn of environmental risk from industry in other parts of the world are 

assumt•·i the same :JS in Africa. Th(• goal of the study Js not an absolute 

ranking of industries but a relative scrc~ning. In view of the screening 

nature of the study it is assumed tha industries on the average would retain 

similar relative levels of risk in Africa as elsewhere. 

• 
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Scaling Factor 

ldeally, one would like to distinguisl1 plants using a number of factors to 

provide for a more realistic assessment, such as location, receiving environ-

ment, process type, age of the plant, and safety record. However, this type 

of data is beyond the scope of this report. Although theoretically it is only 

an extension of the present mcthodolo~y. The data for this regional study 

comes from the UNIDO/UNEP "Survey of Marim· Pollutants from Industrial 

Sources in the West and Central African Region" ~/. The study provides data 

on industrial production by product for industries in the region. So a scal­

ing factor was determined that is based on level of production. 

The UN standard industrial categorization (ISIC) was used in conjunction with 

a categorization that has been developed by Environmental Resources 

Ltd.(ERL). (See Table 14). The procedun· to develop a scaling factor for t>ach 

industry in the region is as follows. 

t-:ach industry is assigned to an industrial category. Next, the avcr.i!je 

annual production of industries in each category is calculJted. With this 

average value, which is assumed to represent the standard plant, the indus­

tries in each category are normalized witl1 respect to average production. 

This normalized value of production for each industry is desig11.ited the 

parameter "size'" and is the '"scaling factor". 

When no production datum is reported for an industry, tl1e average ~roduction 

figure of the entire category und. 0 r which this industry falls, is assumed to 

represent the industry's production. This means tl1at wl1en this assumed pro­

duction flgure is normalized, the industry's size becomes 1. The error due 

to this ls expected to average be small s!Pcc actual industrial sizes will he 

randomly greater or smaller than the avt>rage size. 

Fire and Explosion Risk Assessment 

A "Fire 1 .nd Explosion Hazard Factor" has been developed based uµon dat.1 from 

the '"Best Loss Control Engineering Manual", ~/ prepared by A. ii. !ks· Com­

pany, New Jersey, USA. This comprehcnslvt> Manual is used as the standard 

reference for lnsurancP. companies underwriting lo~s exposures. 

The hazard factor ls derived from the Best Exposure Index (BE!). The BEI is 

calculated for a large number of industries by the systematic application of 

st~tlstlc& from different sources. Detailed informatio~ on the mcthodolo~y 
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of calculation 1: not available. But the applicability and characteristics of 

the index are summc.rizcd in the Manual. Data from individual insurance com­

panies based on th~ir loss experiences and statistics froa the U.S. Depart­

ment of Labour, Insurance Services Office, and National Council on Compensa­

tion Insurance were utilized to obtain the Best Index Values. Therefore the 

values represent an authoritative composite estimate. 

There are two volumes of the manu;il, the Blue and the White. 

The white volume classifies loss exposure into four categories:-

Workmen's compensation 

Fire 

Public Liability 

Products Liability 

F.ach of the four categories or coverages is a potential source of economic 

loss and is graded from 0 - 10 to represent increasing likelihood of the 

occurrence of such a loss. 

The Blue volume classifies loss exposure into an additional four categories, 

each of which are numerically graded on a scale of 0 - 10. The loss 

c.1tegories are:-

Automobil~ Liability 

General Liahillty, 

Product Liability, 

Crime, 

Workers Compensation, 

Inland Marine, 

Business Interruption, and 

Fire. 

The data for most indl1stial categories WACAF region came priaarily from the 

blue volume. The data for the remaining industrial categorie• vere obtained 

fro~ the the White volume. 

Both volumes of the Best manual judge the Fire and Explosion risk in the 

light of the following: 

Constructioo 

Occupancy 
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Protection 

Exposure 

In some cases where a number of licst industrial grouping were contained in a 

single ISIC or ERL industrial category an average of the Fire and F.xplosion 

exposure index was used. The Best Fire Expoaure Index does not take into 

account the consequences of an cv€'nt. Sec Table 15 for a list of the Fire and 

Explosion Risk Factors by industry. 

Environmental Risk Factor 

An "Environmental Risk Factor" has been derived based upon the Environmental 

Impairment Liability (EIL) scheme developed by Environmental Resources, Ltd 

to provide a bas is for insurance premiums as a result of envi ronmt!ntal 

impacts 62/. The risk factor we use comes directly from the present state 

of the EIL as presented by Fisher 63/. The details of the EIL are presented 

in Section G. The approach is briefly summarized as follows. 

The environmental risk factor developed by EKL has three basic parts: 

1. The subjective estimation of possible emissions of a set of pollutants 

to the air and water environment and the severity of those emissions for 

a sudden or accidental release. 

2. The estimation of of vulnerability; that is, the impact of each pollu-

tant on various resources of the environment. 

3. The summation of the likelihood of pollutant emission and the impact of 

these emissions on the environment over all pollutants and all resourc~s 

of the environment. 

The pollutants that are considered are for (Definitions appear ln Section r..) 

Water: 

Air: 

Physico-chemical 

Organic Toxics 

Inorganic Toxics 

Particulates 

Gases 

Nuisance Factors. 
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Till.: c11vironmcnt has been divided into fiv1~ vulnerable areas: 

People 

Property 

Ecosystems 

Agriculture 

Sewage Treatment. 

The emission sPverity and impact tu the environment are given numerical 

values that have been refined through iteration of expert judgment. This 

provides a numerical index of sudden or accidental risk whici• varies from 50 

to GOO. See Tahle 15 for a listing of the Risk Factor by industrial 

category. 

l:F.HA Indl•xes 

~ith the cstahlishment of the two risk factors and scaling factor it is pos­

sible to calculate fire and explosion and environmental risk for each indus­

try in the region. This is done by multiplying the scaling factor for each 

industry by the risk factor. 

fEl(i,j) = FE(j) x SF(i,j) 

~KI(i,j) • ER(j) x SF(i,j) 

FEl(i,j)= Fire and Explosion index for plant (i) & ind(j) 

~KI(i,j)= Environmeotal Risk index for plant (i) & ind(j) 

SF(i,j)• Scale Factor for plant (i) 

FE(j)• Fire and F.xplosion risk factor for industry (j} 

ER(j}• Envlromental Risk factor for industry (j) 

~ach plant ls classifi~d to an industry (j) and has a unique number i. This 

result ls the basis for the various output forms to he provided in Section F.. 

L. The Rl•glonal Environmental l<isk Assessment 

The calculations were performed on an absolute basis, tnlt for a more under­

standahlr presentation the results are presented in relative terms. This was 

done for each industrial sector by detprmlning separHtely for Fire and Explo-

sion and Envirc.nmental Risk the industrial classification with the largest 

index v,du<.·· 1\IJ industrial lnd('X v..1!11t•s were divided hy the l;Jrg<>st index 







I: 11111
22 

,. -

11

11_1._I ' 
1

11111

2 0
-

il 11111 LS 

11111:. 
25 

111111. 
4 

- 1111! 1.
6 

Ml(,WJ(JJf"t Hf 'JJI lflll~I ff ,f r,llAH! 

r 1 ,-. 1 1 ' , r J , " · ; ~ 1 1 1 ' r ;, : , 1 • : , ~ , r ,., ; ' · , 

/•ii .I 1· 'I' 'I ' 1;.111 i, 



- ~77 -

and thee multiplied by 100 to prod~ce a percent value. Thus each results is 

a percentage of the maximum value cf fire and Explosion or Environmental R:sk 

for highest risk zone in the region or the highest risk industrial sector. 

The first results presented in Table loa show the relative Fire and Explosion 

Risk by industry classified into the ISIC sectors for the enrire Region. It 

shows the food industry as having the highest total Fire and Explosion Risk 

in the region with Breweries second. This reflects the high number of agro­

industries in the region. Textile plants, chemical plants and oi~ 

refineries, although few in number, have a relative hiJh fire and explosion 

risk due to the high fire and explosion potential at each plant. 

The table also shows a very rapid decline in the relative Fire and Explosion 

Jildex after the first five or six sectors. 

The Environmental Risk classified by the ISIC sectors for the region is 

presented in Table 16b. It shows a much more even distribution of risk among 

the top half of the sector. Oil refineries with only 17 plants in the region 

shares first place with food manufacturing with 86 plants. This is due to 

the high en~ironmental damage potential of the oil refineries. The food 

industry remains at the top due to the large number of low-medium risk plants 

in the region. 

The results also show that a number of sectors with low plant numhers but 

high potential environmental damage are found near the top of the list., for 

example, paints, plastics, storage(primarily oil) and textiles. 

Tl.e UNJDO/UNEP "Survey of Marine Pollutants from Industrial Sources ir. the 

West and Central African ReRion'' 5/ divided the WACAF region into f ivc zones 

by countries as follows: 

Zone I Senegal, Gambia, Guinea-Bissau 

Zone II Guinea, Sierra Leone, Liberia 

~one III Ivory Coast, Ghana, Togo, Benin 

Zone IV Nigeria, Cameroon, F.quitorial-Guinea, Sao Tome & Principe, Gahon 

Zone V Congo, Zaire, Angola 

Table 17a and 17h provide a geographical distribution of the fire and explo­

sion and Environmental risk, respPctively, among the zones of tlw n·rion. 

This shows that fire and explosion risk of the food industry is concentrated 

in zone IV, whii,• the oil refineries risk is distributC'd a little more evenly 

amoung thP zone, but still is conrPntrr1ted in zorH· IV. 
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The sa1re is trut: lur both inuustril'!:-> tor Environmental Risk. However, for 

chemic.Ji extract ion of oil ,111d tels also all of the environmental risk is 

t uu11d in zu11t· l. 

"'hc:-i risk is ;i 0gregatcd over industries to provide total for each zone the 

result arc presented in Table 18 for Fire and Explosion Risk and Table 19 for 

t.nvironmental Risk. In both cases zone I\' contains the highest risk. Z0ne I 

contains approximately two-thirds of the zone IV risk. In both caE s zone II 

has the smallest risk. 

F. Summary and Recommendations 

The results show that the greatest risks, whether calculated from fire and 

ex?losion or environmental damage, are found in zones IV and I and the lea~t 

in Zone I I. This would imply that more d~tailed study of risk should take 

place in ~one IV and I c.n a Lountry hy country b;ssis to better understand the 

r~sk that appears to be present. 

The result liy industrial ~ector reveal that the large number of relatively 

low risk food industries amount co a high risk from both the !ire and explo­

sion and environmcn~al perspective and the assu~ed low risY of food plants 

should be investigated. From a fire fighting p~rspective the high fire and 

explosion risk of breweries, textiles,chemicals and oil refineries should be 

noted and be mo~e extensively s~udied. 

The environmental risk analysis sho~s that ~ number of high risk sectors with 

tew plants exist. These sectors oil refineries, plastics, tf;xtiles, and oil 

storage should be thorough!~ investigated. Due to the smdll number of pla~ts 

reduction of risk at these plants could greatly red~ce the total environmen­

tal risk to the region. 

G. Summary uf Proposed Environmental Risk Assessment Approach 

The approacl1 recommended is a quantitative appr~ach with subjective inputs, 

based on the Envlronmerc.al Resource&, Ltd. "Environmental Impairment Liabi.1-

ity" scheme 62/. This strategy is also i:rnmmarized in a separate document by 

Fisher 63/ Th~ method is adapted for application to environmental risk 

assessment in tte WACAF Region. 

The Environmental Impairment Liability (EIL) scheme was developed to provid~ 

the basis for insurance premiuuis as a result of environmental hazards, and 

has evolved since its initial conception in 1973. The method consist& of four 
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basic steps: 

1. Preparation of an industrial classi<ication; 

2. Identification of a set of pollutants of interest; 

], Subjective estimation of the possible emissions ic each pollutant 

category for each industry, in terms of severity of impairment that i3 

likely; 

4. Identification of resources with which the pollutants could inter3ct; 

5. Estimation for each pollutant category and each resource of the degree 

of toxic, persistent, and nuisance impact; 

6. Integration to determine the likelihood that a particular industry emit­

ting a particular pollutant damages a particular resource; 

7. Aggregation to determine the impact by industry over tl1e entire set of 

pollutants; 

8. Weighting by resource and 3ggregation to determine the impact by indus­

try ever all resources. 

This approach is very basically a linear scoring function used to construct 

the ris~ b~ industry, based on expert estimation of several factors. It is 

none the less a reasonably easy to use tecl1nique, for whi~h somewh3t refined 

assessments exist based on years of experience. 

Table 20 shows a listing of industry by major classes, including agriculture, 

energy, mining, manufacturing of mineral products, manufacturing of chemi­

cals, other manufacturing, construction, distribution and transportation, and 

oth~r services. This listing is at an appropriate level of detail for the 

available data on West and Central African industry. 

The Ell ratings developed by Environmental Resources Ltd for generic applica­

tion are hased on the two broad categories of pollutants, namely water or aar 

borne and recalculated to include only discharge to water. The two classes of 

pollutant are further detailed so that separate subcategories are maintained 

as follows. for water the categories include "physico-chemical" constituents 

(e.g. oxygen demand, suspended solids, thermal discharge, nutrients, and oil 

and grease -- lumped as an aggregate impact), organic toxics, and inorr,anic 

toxics. for air, the suhcategoriec Included particulates, ~ascs, and n11isance 
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factors (noise, odor, etc.). 

0 negligible possible emissions; 

possibility of moderate impairment; 

2 possibility of serious impairment; 

3 possibility of very serious impairment; 

4 possibility of incident involving catastrophic damage 

These ratings ~ere performed by expert~, and refined in several iterations, 

until there was agreement on the probable degree of impairment. The scoring 

for the various industry groups is shown as Table 21. 

The Environmental Resources rating scheme focused on adverse impacts in five 

categories as follows: 

people 

2 property 

3 ecosystems 

4 agriculture 

5 sewage treatment 

Note that these are all primary impacts, and not necr~sirily reduced to 

e~onomic measures. For each possible category of resourc , the possible 

effect in for every pollutant under consideration Jn terms of three distinct 

types of impact was rated. The three concerns were toxic, persistent, and 

nuisance impacts. Toxic impacts we~e rated on a 0 to 10 scale; persistant 

impacts on a 0 to 6 sc~le; and nuisance impacts on a 0 to 3 scale. The r~nge 

of tl1ese scales implies a value judgement on the relative severity of the 

impacts. The ratings in the tl1ree areas, (~r Jll category of resource, and 

for cacl1 of the pollutant constituents, is shown as Table 22. Again this is 

based on an expert assessment. 

If weights are assigned to th~ importance of each category of resource, then 

the results of the impact scoring can be aggregated to provide a "commen­

surate" measure of the overall importance of each pollutant constituent with 

respect to each resource category. The weights used by F.nvironmental 

Rcso~rces for lntercornparison of resource categori~a were as follows: peopl2, 

-, 
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5; prop~rty, 2; ecosystems, 2; sewage, l; agriculture,2. nase<l on this 

weighting, the derived importance of each pollution constituent on each 

resource category is shown as Table 23. 

At this point, using the industrial poll~tant ratings shown on Tahlc 21, an~ 

the weighting of Table 23, Environmental Resources Ltd aggregated to provide 

an overall EIL hazard rating. Environmental Resources recognized the need to 

address the problem of sudden or unusual occurrences in their report. Exam­

ples they give include the rupture of a storage tank, or other e~trcw' 

release in a sh ... rt time fram·~. and with significan~ quantity of discharge. 

They propose that the sudden release events would have a differential icpact 

on each ~f the several categories of pollutant, and develop a set of multi­

pliers to reflect this increase. The multipliers they propose arc as f0lluws. 

For wal~r: physico-chemical, 1.5; organic toxics, 1.7; inorganic toxics, 1.7. 

For air: particulates, 1.5; gases, 1.6; nuisance, 1.0. Using t~ese multi­

pliers to adjust the impacts and reaggregating, a revised EIL showing sudden 

and accidental release can be calculated. These are also shown on Tahle 1). 

The modified ratings represent a fairly simplistic adaptation uf th~ scheme, 

but one which is fairly consistent and workable. These will he u~~~ to form 

the basis for the assessment for Western and Central Africa. A first step, of 

course, will be to adjust the rati.1gs to eliminate the air borne consti­

tuents. 

The output at this point from the ERL scheme is a set of ratings which pro­

vide a measure of the ··environmental impairment liability .. risk for single 

industrial plants by industry type. The prohlem at this point is to provide a 

scheme for aggregation of the risk to establish relative industrial ri3k for 

zones and inddstrial sectors within the ~ACAF regioP. Assuming Independence 

of evePts dt industrial plants witl.in the region, it should he po::;sihle to 

aggregate the total risk of any zone by adding the risks of plants within thP 

zone. This workt> because in fact the F:IL rating ls a measure of .. eXi>ectcd 

loss" to the various resource categories and these los:.es slinuld h(' add!-

th~ fo!' independent occurrences. The major adjustment which should he made 

is to scale the expected losses in so~c ~ay to account for differences in 

plant size within the region. The proposed way of doing this is dS follows. 

Based on an inventory of plants of a syecif'c industrial typr, establish an 

average plant size -- with the average being based either on employment or 

preferably volume of product. Assume that the average sized pl~nt has the 

--1 
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;.;vL'rcig..: or st;rndard Ell rating. For smaller 01 ~arger plants, the EIL c.:an 

he bcaled up or dawn hy r~lative plant size !n order to capture va~iations in 

industrial size. Although it is clearly ques~ionable whether or &~t a plant 

ot one-half the s lze imf>oses one-ha Lt of the 1 iabi lity, since the priaary 

interest is agi.-;regate r.".sk, the aggregation procedure should not introduce 

much error. 

-1 
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Tatle 14. International Standard Jnd1Jstr;,:.l Ci:.:sit1cat1on °;·:.1c 

========================~=:====~====~================== 

ISIC InC:ustr1;.l 5Htor Name 
code 

1110 
1120 
1220 
2200 
2301-2302 
311-312 
3133 
3134 
3211 
3240 
3311 
3319-3320 
3411 
3420 
3511 
3512 
3513 
3521 
3522 
3523 
3529 
3530 
3540 
3559 
3560 
3710 
3720 
3819 
3829 
5000 
6100-6200 
7111 
7115 
7192 
9200 
9520 
9592 

Agric. & Livestock proj. 
Agr i c • SH v 1 c e 
Logging 
Crude Petrol. & Nat. Gas Prod. 
Ore Mining ( Onlv Preparat1oni 
Food Manufacturing 
Halt 11guors and malt \Beer & W1nei 
Soft Drinks.~ Carbon. !!jzder 1r;d. 
Spinning, weaving, & f1n1:h1ng fext•les 
Man. of footwear, etc ruooer or pias. 
S awm i I 1 , p I an 1 n g , &: o tr. e r '"' o o d m 1 l i s 
Wood Products 
Man. of Pulp, pap~r. & paperboard 
Printing, publ 1sh .. ~ all 1t>d 1nds. 
Man. of basic ind. cr1em1cai. etc fert. 
M4n. of fert1I izers .~ pes.t1c1des 
Nan. of syn.res•ns, plas. +iber~ etc glas; 
Man. paints, varn.snes & lacquers 
Nan. drugs & med1c1nes 
Nan. soaps,per·fume:;,cc.;m.:-t1c, toile-t pr·er•: .. 
Man. chem. prod not e!sewnere class1f 1ed 
Petrole~m r?f1ner'es 
Man. of rn1sc. prod. of petrol. and coal 
Man. of rubber prod. not eis~where clal. 
Man. of plastic prod. not elsewhere clas. 
Iron & Steel basic 1ndustr1es 
Non-fer;·ous bas 1 c 1 ndus tr 1 es. 
Man. of fab, metal proo. n·jt mach. ::ir equ;p. 
Machinery & Equip. ether, etc ei2ctr1cal 
Cons tri;c t 1 or1 
Wholesale & Ri?ta; l trade 
Land Transport 
Pipeline Transoort 
Storage & Warehousing 
Sanitary & Sim, lar Services 
Laundries & se~v.; clein, and d1~1nq plants 
Photo. studios&. '."omm. f,hotograpny 

=========:.===============·===.:===:..-:=======::========:====.;== 
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Tat0 fe !~ .. i:1re .!,,: Explosion and En·.•1ronmental R1c:::K Faltcr·s by Sector 

================-:========================================---==..-:==--==== 

1::.rc SecLr ~Hme 

Agrrc. & L•uestock prod. 
Hgr1c. & L1uestock prod. 
Hyr,c. Ser•J1ce 
Logging 
Crude Petrol. & Na~. Gas Prod. 
Crude Petrol. & Nat. Gas Prod. 
Ore M:n1ng Only Preparat1on1 
Ore Mining' Onl1 Preparation> 
Ur£ M1n1ng Only Freparationi 
Food Manufacturing 
Food Manuiact ·ring 
Food Ma nu+ ac tur 1 ng 

M~l' 11guors and malt ~Beer & Wrne) 
Soft Drinks & Carbon. Water ind. 
·:Jp 1 n n r n g, •·ie ei" 1 n g, & f 1 n i sh 1 n g Te Y t 1 1 es 
Sp1nn1ng, weaving, & finishing Text:les 
Spinning, ·~ea•.i:ng, .~ f1nish1ng Ted1les 
·:.c•1r1n1r1g, 1.\leau1ng, ·!'.:finishing Textiles 
Man. of footwear, etc rubber or plas. 
::.a 1.1Jmill,pl~n·n9, .~other· • ..... ood mills 
Sa1\lm1ll ,plan1ng. & jther wood mills 
f·JO'.:•d Pr·oducts 
r-tan. of Pu 1 ~·, c•aper, & paperboard 
Pr 1r1trng, C•ubl 1st". •. !'.:al 11ed inds. 
Man. of bas.1c ind. chemical, etc fert. 
Man. of basic ind. chemical, etc fert. 
11ar1. of basic ind. chemical, etc fert. 
r1ar .. of t•?.s1c 1r1d. ch~1'11cal, et:: fert. 
Man. of fertilizers·!'.: pesticides 
t1an. of fert1l1zers & pesticides 
Man. of fert1l1;:ers & pest1c1des 
Man. of fert1l 1zers & pesticides 
Man. of s;n.res1ns, plas. fibers etc glass 
t1an. of s,1n.res1ns, plas. fibers etc glass 
~1an. of s/n.res1ns, plas. f1t1ers etc glass 
Man. paints, varnishes & lacquers 
Man. paints, varnishes & lacquers 
r1an. drugs & medicines 

Man. soa'.)s,perfumes,cosmetic, to1 let preps. 
Man. chem. prod not elsewhere classified 
Man. chem. prod not elsewhere class1f1ed 
~an. chem. prod not elsewhere ciassified 
Man. chem. prod not elsewhere class1f1ea 
Man. chem. prod not elsewhere class1f1ed 
Petroleum refineries 
Po?troleum r·ef1ner1es 
Pe tr o 1 e um ref 1 n er 1 es 
Petr0leum ref1ner11?s 
t1 an • of rr, 1 s.:: . pr n rJ. of p e tr o 1 • an <:. c o a l 
Man. of rubt.H c·rod. not else•..,hu·e ciao, 
Man. of pla'=t1c p.-od. not elsew~1ere clas. 
Irc.r1 & ~.te-el ~:.as.1c 1nd1Jstr1es 
!run & Ste-ei bois1c 1ndustr1er, 

ERL 
Code 

3 
1 
2 

60 
502 
501 

15 
17 
16 
54 
53 
52 

521 
531 

56 
57 
55 
58 
59 
61 

63::. 
62 

631 
64 
48 
51 
46 
4/ 

30 
41 
29 
40 
32 
45 
31 
311 
3'j 
42 
t,3 
38 
37 
39 
36 
33 
:;o 
49 

~() 1 
602 

4 
65 
66 
21 
19 

ERi 

so 
100 
4SO 

50 
100 
300 
100 
450 
3SO 

so 
so 

100 
100 

so 
50 

150 
200 
500 
200 
100 
300 
200 
350 

50 
400 
500 
3Su 
350 
200 
300 
300 
300 
300 
300 
450 
3uO 
350 
400 
1 ~o 
100 
100 
350 
301) 
450 
400 
350 
450 
300 
550 
250 
200 
150 
250 

4 
4 
4 
3 
9 

10 
4 
4 
4 
6 
6 
8 
8 
6 
8 
8 
4 
6 
5 
5 
9 
9 

3.5 
6 

1 Ii 
10 
7 
3 
8 
3 
8 
3 
3 
8 
8 
7 

10 
6 
6 

10 
9 

10 
10 
a 

10 
10 
1 (I 
1 () 

6.5 
3 
8 
2 
-, 

l 



Iron.'); Steel t•:.s1c 1ndustr11ts 
Non-ferrous t•as1c 1ndustr1e= 

- lf S -

Man. 0f +at•. metal prc•d. nc·t m0<.:~1. or eou1p. 

1 8 
20 
~· :· 
~-· 
J':-

·h•O 
.+c! c; 
31)(! 

' 51~: l 

~===================~=========================================~=========== 

1 cname Code Ei:;: l HI 

--------------------------------------------------------------------------
i1ach1nerY .~ Eou 1 c•. otlter. etc eiectr1cal 25 I 00 

-, 

Coristruction 68 20 (I 

1.Jho 1 e ~a i e .~ Re to. i l trade 60 !00 5 

unrj Transpcrt 74 l' ·!'' 

p I pe l 1ne Transport 75 600 8 

·:.tor age & l.Ji!rehous 1 ng 70 300 c: 
~· 

Storage & Warehous!ng ?3 5(10 

Storage & i..Jarer1ous 1 ng 71 500 

Storage & tJarehous 1 nq 72 500 

Sanitary ~ Simi 1 ar- Ser111ces 77 250 5 
San 1 tar:-- & Simi 1 ar Ser-u 1 ces 76 350 4 

Sanitary & S1m11 ar Services 28 350 
.., 

San i t<tr/ .~ S 1rn1 I ar Services 78 500 c: 
~· 

Laundries u. ser ··'.; c 1 ean. arid dye1r.9 C• I arit s. 79 100 ~ ..... 

Lau~dr1es & seru.; clean. and dyeing plants 80 200 

Photo. studios .~ C OfTnli , ~·hotogrdphy 67 2'50 7 

~============~====:======================================================= 

F&E = F1r? & Explosion Factor 
ERI = Environmer.tal Risk Factor 



Table loa. Relative Fir~ and Explosion P1sK by Industry for Region 

=========================--====================~====================== 

JSIC Sector ~lame FE 
No. of 
Plants 

---------------------------------------------------------------------
Food Manufacturing 
Malt l ;guors and malt (Beer & Wine) 
Sp1nn1r.g, weaving, & finishing Textiles 
Man. che". prod not elsewhere classified 
Petroleum refineries 
Soft Dr1nKs & C~rbJn. Water ind. 
M~n. paints, varnishes & lacquers 
Man. soaps,perfumes,cosrnetic, toilet preps. 
Sa1.1K111ll ,planing, & other wood mills 
Iron.~ Steel basic industries 
Man. of syn.resins, plas. fibers etc glass 
Man. of fab metal prod. not mach. or equip. 
Man. of ferti: 1zers & pesticides 
Storage & Warehousing 
Man. of plastic prod. not elsewhere clas. 
Man. ot basic ind. chemical, etc fert. 
Wood Products 
Man. drugs & medicines 
Man. of footwear, etc rubber or plas. 
Cons true ti on 
Crude Petrol. & Nat. Gas Prod. 
Man. of rubber prod. not elsewhere clas. 
Non-ferrous basic industries 
Machinery & Equip. other, etc electrical 
Man. of Pulp, paper, & paperboard 
Wholesale & Retail trade 
Agr1c. & Livestock prod. 

100 
45 
43 
40 
27 
25 
22 
21 
17 
11 
11 
10 
10 

9 
B 
8 
7 
5 
5 
4 
4 
3 
2 
2 
2 
0 
0 

86 
36 
36 
28 
17 
27 
14 
22 
13 
14 

9 
16 
11 

9 
7 
7 
5 
6 
7 
4 
3 
8 
7 
6 
5 
1 
1 

===================================================================== 
FE- Relative Fire and Explosion Index 
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Ta~le 16b. Relative Environmental Risk by Industry for Region 

========--=~~===========-~--~-------------------~------=========~== 

I SIC Sec tor Name 

Petroleum refineries 
Food Manufacturing 
Spinning, weaving, & finishing Textiles 
Man. paints, varnishes~ lacquers 
Storage & Warehousing 
Man. of syn.resins, plas. f 1bers etc glass 
Iron & Steel basic indust··ies 
Malt 1 iguors and malt <Beer & Wine) 
Sai.o.mill ,planing, & other wood mills 
Man. chem. prod not elsewhere classified 
Man. soaps,perfumes,cosmetic, toilet preps. 
Man. of fab. metal prod. not mach. or equip. 
Non-ferrous basic industries 
Man. of fertilizers & pesticides 
Han. of basic ind. chemical, etc fert. 
Man. drugs & r.1edicines 
M1n. of ru~ber prod. not elsewhere clas. 
Man. of Pulp, paper, & paperboard 
Man. of plastic prod. not elsewhere clas. 
Soft Drinks & Carbon. Water ind. 
Man. of footwear, etc rubber or plas. 
l,Jood Pr odu c ts 
Construe ti on 
Crude Petrol. & Nat. Gas Prod. 
Machinery & Equip. other, etc elec~rical 
Wholesale & Retail trade 
Agric. & Livestock prod. 

ERi 

100 
99 
78 
69 
60 
54 
52 
50 
.::9 
49 
46 
44 
39 
39 
38 
33 
28 
24 
19 
19 
19 
14 
11 

9 
8 
1 
0 

No. of 
Plants 

17 
86 
36 
14 

9 

9 
14 
36 
13 
28 
22 
16 

7 
11 

.;., 

8 
5 
7 

') "7 ,_, 
7 

5 
4 
3 
6 
1 
1 

==~=============================================~===============~==;= 

ERi- Relative Environmental Risk Index 
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Taoi~ :~a ~rlat1ve ~:re & Explosion Risk O• lndustrv 
Distributed b• Zones 

========= 
Zone 

!SIC Sector l'iillle II ill IV Reg1or. 
--------------------------------------------------------------··-------------------------------
Food Minutact~r1ng 16 t, 2o 41 11 106 
Halt i 19uors and ~alt •Beer & WineJ 2 5 12 ~2 6 45 
)p1nn:n9, wfa;1nq, & f1~1sh1ng Text1ies 7 I J 25 4 43 
'1an. :heP. t·rc•d 0 o! ~Jse111nere classd1ed 

,., 
~. 3 !) j 2 40 

Petroleu~ ref 1ner1es .i. 3 9 e 5 27 
Soft ~rink< & Carbon. Water ind. 4 j ~ 14 I 25 J 

Nan. paints, varn1s~es & lacq~ers 2 -' 17 0 22 
Han. 5oap,,perfu~es,coS11et1c, toilet ~reps. 13 I 1 4 ii 21 .. 
SM11li,plan1no, & ot~er 111ood ~ills 0 0 13 4 17 
Iron & Stte 1 oas1c 1noustries 7 0 2 2 lj II 
Man. of syn.resins, plas. fibers etc glass 10 0 0 0 11 
Han. of fao. ~eiai prod. not ~•ch. or equip. 4 I 4 0 10 
Man. of fert1l1zers & pest1c1des 6 0 3 0 10 
Storage & Warehousing 0 0 4 5 1 
Han. of oiast1c proo. not elsNhere clas. 3 I 0 3 3 8 
Han. of Dasie ind. cr1e~1cal, etc ftrt. n I 4 3 0 a 
Woo a Products 0 3 3 I 0 7 
Man. drugs & ~ed1c1nes 4 1 I 0 0 5 
Han. of footwear, et• rubber or pl as. 2 0 2 ~ 
Construc 1 1or, I 0 I j 4 
Crude Petrol. & f'iat. Gas Proo. 0 0 0 3 1 
Har1. of ruDber prod. not eistvhere cl as. 0 0 0 2 3 
Non-ferrous basic 1ndustr 1es 0 0 I 0 2 
Hachirrery & Equip. other, etc elettr1Ci.1 0 0 I 0 1 2 
Han. of Pulp, pa~er, & paperboard 0 0 0 2 I 2 
Whoie5aie & Retail trade 0 0 0 0 0 
Agr1c. & Livestock orod. 0 0 0 0 0 

----

<Note: su~ of :one ~ay not equal region due to 
roundoff of output.> 



Tiblt !7b Rtlativt Env1ro1111ental R1sK by Industry 
Distriubuttd by Zones 

- -===============-===== 

ISJC Sector N• 

Pttrole111 r,~intr1Ps s 
Food ~ufacturing 14 
Spinni•g, ~•av1ng, & f1n1sh1ng Textiles ! 9 

Han. paints, varnishes & lacquers 6 
Stougt a Wrthous 1 ng 0 
Han. of syn.resins, plas. fibers etc glass 49 
Iron a Steel basic industries ?' .~ 

Halt I iguors and 11alt <Beer & W1ne.1 
S~ill,~lanilg, & other wood 11ilis 
Haa. cb ... prod not else\llhere class1f1ed 2) 

Han. SOiJS,perf111ts,coS11etic, toilet preps. 3G 
Han. of f'J. llftal prod. not nach. or @QUIP. 18 
Non-ferrous basic 1ndustr1es 6 
IUJI. of fertilizers & pesticides 22 
Man. of basic ind. cht111cal, etc fert. 0 
P4u. dngs & •dicines 23 
Han. of rubber prod. not elsewhere cl as. 
Kan. of Pulp, paper, & pa~erboarc 0 
Ha.. of plast·~ prod. not tlse1o1here clas. 6 
Soft Drinks a Carbon. Water ind. 
Han. of foo1\lfar, etc rubber or pl as. 
Wood Products 
Cons true t 1 on 
Cr1dt Petrol. & Nat. Gas r'rod. 
Machinery & Equip. other, etc electrical 
Wholtsalt a Rttail trade 
Agric. l L1vtstnck prod. 

II 

13 
0 

2 

c 
.! 

0 

1 
4 
c 
~ 

6 
4 
0 
3 
2 
0 
s 
D 
0 

0 
0 

Zone 
III 

29 
23 
5 

~ 

19 
13 
1 
6 
5 

1 s 
21 
9 

19 
6 
4 
0 

8 
6 
3 
0 
3 

(I} 

3.3 
45 
46 
54 
::i· _o 
4 
7 

24 
37 
3 

JU 
5 

11 
4 

15 
0 

14 
15 
6 

10 
3 
3 
3 
I 
0 
0 
0 

i? :Qu 
12 ~v 

78 

·=· ~ 
~o 6~ 

54 
3 52 
6 SG 

l ~ 49 
c 49 ·' 

4~ 

44 
39 
3'? 
38 
33 
2& 

10 24 
•) !9 

19 
j 11 

0 H 
3 11 

' ' 
~ 8 

-- ============--=====--========:::".:=;;:...::= 
<Note: s1111 of zone 11ay not equal region due to 
Mutd oH of output.) 
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Table 18. Relative Fire & Explosion RisK by zones 

================================ 

zone FE 
No. of 
Plants 

--------··-----------------------
I 59 118 
II 17 46 
I I I 50 103 
I'-) 100 90 
') 26 62 
================================ 

FE- Relative Fire and Explosion Index 
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Table 19. Relative En·11ronmental Risk bY Zones 

zone RERI 
No. of 
Plants 

--------------------------------
I 66 118 

11 19 46 

I I I 55 103 

IV 100 90 
I.) 35 62 
=--======================·:==== 

RERI- Relative Environment~l Risk Index 

..., 

I 
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-: 
4 

6 

8 

-,:u:~r 1ai St?-::.~or ii.:eir1~ 

~~iDle farming !nclud.ny pest1c1des,herbicides 
~ur1culture,hort·cu:~ur<- and s1urculture services 
1 r. tens r v e 1 1 1_• i;o s to c ~ ~· r c"::l 'JC t 1 o r1 , irit ens i v e feed l o t s 
mu1ufacture ct sol id +1Jels, coke 
'Tr 1 n 1 n g of :T11 n er ~ 1 C• 1 1 ~ r,; t 1J r a 1 gas : 
m 1 n er a l o ; l ['Ir o c e s s 1 r .. ~ : 
r."ture-1 gas pr·c·cessir"~ 1n gradual location 
electricity production thermal plant: coal & 011 burning 

9 s~nthetic gas production not syncrude or syngas 
10 deep mining metalliferous ores/coal 
11 C•C•encast mining metali.fero1Js ores/coal 
12 m1nin~·preparat1on ura~1um ores 
13 deep mining non metai; .ferous. ores., not tr·eatment 
14 opencast m1n1ng nonme~all iferous ores 
15 ~reparation of ores drl treatm~nt 
16 ~reparation of ores_ wet treatment plus heat 
17 c•reparation of ores ·:r1em1c:.l treatment 
18 m:sr1•Jfacture of iron and steel: integrated steel plarit 
19 .jra1.o1ing cold rcilling et,:. of s.teel: foundr·ies 
20 nor_ferrous metils: alum1n1um, other 
21 for~ing, press1n9, stamping etc. 
22 tin shed metal goods 
23 met< I pli't 1n9 
24 no ~ntry 

25 I 1ght machinery manufacture 
L.6 non_metaliic m1nerc;i c•roducts 
27 "sbestors and its products, asbestos and derivatives 
28 dealing in scrap arid •.~aste materials 
29 orgar.1c fertilisers 
30 inorganic fertilisers 
31 synthetic resins and plastic materials 
32 s~nthetic rubber 
33 dyestuffs 
34 p1om~nts 
35 pa1nts,varnishes 
36 adhesives and sealants 
37 chemical treatment o+ oils /fats 
38 ~~sential oils and flavouring 
39 explosives 
40 o~ganic pesticides &nd herbicides 
41 1r,organ1c pesticides 
42 pharmaceu t 1 cal pr·oduc ~s 
43 soap and toilet preparations 
44 no entry 
45 artificial fibres 
46 mineral acids 
47 chlorine caustic 
48 1nor9an1c fine chemicals 
49 buH olef1nes pr1mH/ pe~roc~:em1cal manufacturing 
50 rlromat1cs 
51 o~qan1c intermediate cnern1cals 
52 food h1oh orqan1c load effluent 
53 food medium eoroariir 1 r,;,d ef+luerit 
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54 food_ low organic load effluent 
55 ~oollen and worsted natural fibre preparat1cn 
56 cctto~ and silk natural fibre & general weaving 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
~9 

70 
71 
72 
73 
74 
75 
76 
77 
78 

te~t:les finishing & dyeing 
tanning and fellmongery 
footwear and clothing 
timber logging 
timber saWfl'till ing/plann1ng 
wooden products 
pulp paper and board: 
or1~ting and publishing 
rubber products 
plastics processing 
photographic/film manufactur1ng,processing 
general construction and demol 1tion 
wholesale and retail distribution 
storage of sol ids, bulk storage and handl 1ng of sol ids 
storage of inorganic 1 iquids/gases and handl 1ng 
storage of organic 1 iquids/gases and hand! ing 
storage of oil/oil products and handling 
rail transportation: road haulage 
pipelines <'.non_water.> 
municipal waste disposal (discount for secur~ sites) 
sewage disposal 
hazardous waste disposal 

79 laundries 
80 dry cleaning and allied services 

=======================~====~================================== 

-1 
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Tab1r 21. ERL Env1roiv1rntal l1111act Wri9h1ng by Industry for fach Pollutant 

Watfr Pollutants Air Pollutants 

Industrial Sect~r Nille PE OT IT PT GS NS 

-----------------------------------------------------------------------------------
Arablt hr11ing 2 I 0 0 0 I 

Aqr1cultural ind horticultural services 3 3 1 2 3 I • 

Intensive l 1vrstock production 3 1 0 0 0 3 

Manufacture of solid furls <cokr ~vtns rtc.l 3 3 2 2 3 2 

Extraction of 111ner1l oils and nateral gas 3 0 c 0 1 

N1nrral ~·1 l pr·ocess1ng j 3 2 0 2 2 

Natural ~as proctss1ng 2 I I 0 2 2 

Eirctr1c1ty produ:t1on <ther11al pCMfr plant) 3 I I 2 2 I 

Prep orrs-11ry I 0 0 3 0 3 

Prrp orrs~et 3 I 3 3 0 3 

Prep orrs-cht11 3 2 3 3 I 3 

iron and shel industry (including cokr ovensi 3 2 2 2 2 
., 
" 

dra1111ng,cold roll1ng,etc. of stee 1 2 2 0 1 2 

non-ferrcus 11rtals 3 0 4 3 2 I 

forg1ng,p1·ess1ng,stanping etc. 2 0 I 2 

f1n1sned 11rtal goods 1 I I 9 

11etal plating 3 2 3 u 0 

neavy 11ach:nery 11anufacture 2 1 I 0 

light ~achintrY 11anufacture I 0 0 0 I 

Non-i1rtall 1c 111nrral products 11anufacture 3 0 3 I 3 

Asbestos and its products 3 0 I 4 0 I 

Dealing 1n scrap and ~astr 11ater1als 2 I 2 I 2 2 

hrt11 izers organic 3 I 2 2 

frrt1li1rrs 1norgan1c 3 0 2 I I 

synthetic resins and plastic 11attr1als 3 3 I 2 2 2 

synthrt1c rubber 3 t I I 

dyestuffs 3 3 2 I 2 

p11J1ents 3 0 3 2 0 

paiots,varn1shts,ttc. 3 2 I 2 I 

adhrs;~•s and sealants 3 2 I 1 1 I 

cht111tal trntllent of oils and fats 3 0 0 0 I I 

tssent1al oils and flavouring 11aterials 3 0 0 0 I I 

explosivts 3 I 2 1 2 1 

pesticides organic 2 4 I 3 2 1 

pest1c1des inorganic 2 0 3 1 0 

phaNtace~t1cal products 3 3 2 1 I 1 

scrap an~ to1iet preparations 3 I I 0 0 1 

photographic 11ater1als 2 I 3 0 0 0 

artificial fibres 3 2 1 1 2 I 

111neral acids 2 0 2 I 3 l 

chlorine 2 0 2 1 4 2 

inorganic fint cht111cals 3 I 3 1 2 I 

bulk oltf1nts 3 2 1 I 3 2 

arrna t 1 cs 3 3 I I 3 2 

organic 1ntert1td1ates 3 3 2 I 3 2 

high organic load effluent 3 0 0 I 0 2 

11td1un organic load tff lutnt 2 0 0 1 0 2 

ICM organic load tffluent I 0 0 0 0 I 

1o10olltn and wcrsted 3 0 I 0 I 2 

cotton and s1 IK 2 0 0 I 0 

ltit1lt f1n1sh1ng 2 I I 0 0 I 

tanning and ftll11on9trY 3 3 3 I I 3 

Foot~tar and cloth in 0 0 0 0 
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I 0991 ng 1 0 0 0 0 2 

sM11II1n9,o i iln i ng,ttc. 2 0 0 I 0 3 

wood prooucts 2 0 I I 2 

pulp,p1Ptr ilnd boilrD 3 2 1 2 2 
printing ilnd ~ublish1ng I 0 0 0 

rubbtr products 2 1 1 2 

plilstics proctss1ng 2 2 0 0 1 

Photogriphic ilnd +ii~ proctssing 1 3 0 0 0 

6tntrill construction ilnd dfll0l1t1on 0 0 2 0 3 

Wholtsillt ilnd rtti1l d1str1byt1on 1 I 0 I 0 I 

Storilgt of solids I 0 2 3 0 2 
Storilgt of inargilnrc I 1qu1ds ind gilsts 3 0 3 0 3 2 
Storilgt of orgiln1c liquids ilnd gil5f5 3 3 0 0 3 2 

Storilgt of 011 ind 011 products 4 2 0 2 2 
Rili hllilYS I I 0 2 
?1pel 1nt5 3 2 0 0 
wilste d1sposill,~un1c1pil 3 2 2 I 2 

SNigt d1spOSill 3 1 0 I 2 
wilstt disposal,hizardous 4 4 4 2 3 

1aundr1 ts 2 I 0 0 0 I 
dry cltiln1n9 and allitd s~rv1cts 2 2 0 0 

PC=Physico-Cht11c1al 
OT=Orginic Toxics 
JT=lnorgan1c Toxics 

PT=Pirticulates 
SS=Gasts 
NE::No1sts,Odours, ttc. 



Tat.Je "').-.. .... . ERL We1ghtirgs o+ Pollutant Impacts on 
Environmental Resources 

===================================================================== 
Damage to 

Poll1Jtants People Property Ecos~stem Sewage Agr1cul ture 

Persistence 

Water- Ph:1s 1co-chem1ca1 1 2 4 
i.Ja t er· - Organic toxics 3 0 6 6 6 
IJater- Inorganic toxics 6 0 3 6 4 
HI r·- particulates 3 2 1 0 2 
Air- gases 6 5 0 0 5 
Air- r.01se,etc. 2 0 0 2 

Tox1c1ty 

1..Jater- Phys1co chem1ca1 2 0 7 4 4 
t.ia. t <;or - Organic toxics 9 0 10 10 8 
Water- Inorganic toxics 9 0 10 10 8 
Air- particulates 6 4 0 0 4 
Air- gases 10 8 3 0 7 
A1 r- no1se,etc. 0 0 0 0 0 

Nuisance 

Water- Ph:;sico chemic a 1 1 0 2 1 1 
Water- Organic tox 1 cs 2 0 3 3 2 
l:ater- Inorganic toxics 2 0 2 3 2 
A1 r- particulates 2 0 0 0 1 
A 1 r- gasP.s 2 3 0 0 2 
Hi r- noise.etc. 3 0 1 0 0 
===================================================================== 

.. 
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Table 23. ERL Aggregat~d Weighting of Pollutant Impacts 
Upon Envirornental Resources 

====-~-============---================================================== 
Damage to 

Pollutant People Property Ecos~stem Sewage Agr1cu1 rure 
-------·--------------·-----------------------------------------------
Water- Physico-chemical 20 4 26 6 l .2 

Water- Organic toxics 60 II 3o 18 "30 

Water- lnorg~nic toxics 80 0 28 18 26 
Air- particulates 55 12 rl 0 14 ... 
Air- gases !35 30 6 0 ·JO 

,;...\,.' 

Air- noise,etc. 3~ 2 2 0 4 

---=========;.:=================== 
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BLEVE: Acronym for ~oi 1 ing _!:iquid ~xpanding ~a pour ~xplosion. It occurs when 

thP press~r~ vessel containing liQuid is heated up so that thE metal loses 

strPngth and ruptures. 

Rund: Eh1hankment provided al 1 around some types of liquid storage tanks in 

order to retain tank liquid spills in case of tank failure. 

Cargo manifest: A shiFping paper listing all of the contents being carried by 

~ transporting vPhicle or vessPl. 

F.:111lt tree analysis: Methodology used in quantitative risk assessment. It 

consists in identifying the sequences of eve~ts leading to an accident and 

;issirning prorahilities to the occurrence of each sequence. The probability 

••f the accident occurrence can then he calculated. 

Fire extinguishing agents: 

Water. The most wid~ly used agent. It cannot he utilized in electric 

fires. 

Foam. A substance added to water to improve its fire fighting 

characteristics. Several types exist: aqueous film forming, 

fluoroprotein, synthetic and chemical. They extinguish fire by forming an 

inert hlanket and are mainly used in fires involving infla111111able liquids. 

Vapourizing 1 iquids. Suh·;tances which interfere with the chemical 

reactions occurring during the ~omhustion process. 11tey can be used in 

electrical firer.. 

Dry powders. Certain salts used because of their blanketing action. They 

are recommended in electrical fires. 

Inert gases. Gases (such as carhon dioxide or nitrogen) which render the 

atmosphere nonflannnahle by displacing oxygen. They are recoanended in 

el•ctrical fires. 

Flash point: The lowest temperature at which a liquid will give off 

sufficif'nt inflammahlP vnpour for ignition to occur. 
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Flame arrester: Device used to prevent the passage of flames along a pipe or 

duct. 

Hazardous ;aaterial: A subslJnce or material 1n a quantity or form that may 

pose an unreasonable risk to health and safety or property when stored, 

transported, or osed 1n conunerce. 

Ignition temperature: The minimum temperature required to ignite gas or 

vapour without a spark or flame being present. 

Major accident: An industrial accident which may result in serious injuries, 

loss of life, extensive damage to the plant ana/or to the environment and 

which requires the intervention of resources outside the plant in order to be 

handled effectively. 

Oxidizer; organic peroxide; A suhstance, such an an organic peroxide, which 

in itself is not necessarily combustible hut may give off oxygen and 

contribute to the combustion of other materials. Organic pe~oxides are 

thermally unstable and may undergo exothermic, self-accelerating decomposition. 

Rupture disc: A pressure relief device mounted on closed containers. It 

consints of a disc fitted on the container in such a way that a~ ;ncrease of 

the internal pressure produces the rupture of the disc with consequent release 

of material from the container and decrease of the internal pressure. 

Safety audit: A detailed examination of all the facets of a partic~lar 

industrial activity and/or establishment conducted by professionals with the 

ohjective of minimizing loss . 

Safety or relief valve; A valve mounted on a closed container which opens 

~hen a predetermined overpressure is reached in the container, releasing 

material from it, and allowing the internal pressure to decrease. 

Spontaneously combustible material: A substance which is liable to catch fire 

on contact with air. 
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VCM; Ac~onym for !inyl £hloride ~onomer, a chemical substance having 

s11hstantial health hazards. Used in the production of polyvinyl chloride 

( P\'C) • 

Water fog; A finely divided wist produced by a special nozzle fitted on a 

water hose. It is used for knocking down flames and cooling hot surfRces. 

Waybill; Tile shipping paper prepared by the railroad from a bill of loading. 

WACAF region; Tile West and Central African region. In this work, the 20 

cnuntries of the region were divided into the following fivr zones: 

Zone I. Mauritania, Cape Verde, Senegal, Gambia, Guinea-Bissau 

Zone II. Guinea, Sierra Leone, Liberia 

Zone III. Ivory Coast, Ghana, Togo, Benin 

Zone IV. Nigeria, Cameroon, Equatorial Guinea, Sao Tom~ and Principe, 

Gabon 

Zor,e V. Congo, Zaire, Angola 
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