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DISCUSSION AND WRITTEN CONTRIBUTIONS 

NOTES 

1. Q/C means question or comment 

2. R/A means response or answer by presenter 

3 . Separate points made by the same speaker prefixed ( a ) , (b) e t c . 

4 . Name of author(s) a c t u a l l y p r e s e n t i n g paper u n d e r l i n e d - no rma l ly the 

respondent - second author named where appropr ia te 

5. Chairman given a f t e r sess ion number 

SESSION 1 (A.M. Chairman: J .H. Burgoyne) 

PAPER 1 (J .H. Burgoyne) 

Ref lect ions on Process Safety 

Q/C (D. Nap ie r ) Agrees with a u t h o r ' s views, on e d u c a t i o n / t r a i n i n g . At Univ. 

Toronto have an Occupa t iona l Hea l th & S a f e t y programme for M a s t e r ' s 

degree, mainly pa r t - t ime s t u d e n t s . In Canada fu l l - t ime courses ex i s t in 

Community Colleges ( l i k e Br i t i sh Po ly t echn ic s ) . Would you d i s t i n g u i s h 

between undergraduate and postgraduate courses? 

R/A At undergraduate l e v e l , awareness r a the r than s p e c i a l i s a t i o n is needed -

t h e scope be ing t h e same - which I i n c l u d e in undergraduate courses . 

Undergraduate and p o s t g r a d u a t e c o u r s e s w i l l cover s i m i l a r ground to 

d i f f e ren t depths . 

Q/C (K.W. Palmer) L e g i s l a t i v e r e q u i r e m e n t s can be too r e s t r i c t i v e in 

methodology. Two methods of r e s i s t i n g t h i s were d e s c r i b e d . A t h i r d way 

i s for e n g i n e e r s t o keep ahead of u n i v e r s a l l y accepted bas ic r e q u i r e ­

ments which move slowly. I'm concerned t h a t we should not see o u t - o f -

da te mandatory requirements . The non-mandatory guidance notes can be and 

are updated more f requent ly - thus recommend t h i s approach. 

Q/C (M.C. Jones ) When p r e s e n t i n g fundamental information as a bas i s for 

t r a i n i n g to post-exper ience people, r e s i s t a n c e i s often encountered - i s 

t h i s t rue of safety t ra in ing? 
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R/A Yes indeed - much r e s i s t a n c e does a r i s e . However when given at post ­

graduate l eve l , the need for fundamentals becomes accep ted in p o s t -

experience t r a i n i n g . 

Q/C (R.C. Gray) (a) There i s a need for a l l engineering i n s t i t u t i o n s to 

i n s i s t on basic safe ty t r a i n i n g - some are not doing. Can I .Chem.E. do 

something about t h i s ? Recen t ly the Technical Affairs Board produced 

guide l ines that oculd be taken i n t o a c c o u n t . P r o f e s s i o n a l e n g i n e e r s 

should obse rve t h e i r code of conduct (comparable t o the Hippocratic 

Oath) and though everything they do involves r i s k , a l l that i s r e a s o n ­

ab ly p r a c t i c a b l e should be done to ensure sa fe ty . (b) The prepara t ion 

of opera t ing , maintenance and emergency response i n s t r u c t i o n s demands a 

h i g h e s t l eve l of r e s p o n s i b i l i t y - p a r t i c u l a r l y to see tha t the operator 

understands what you have designed and cons t ruc ted . 

R/A F i r s t l y , agree e n t i r e l y with t h i s . Secondly, I.Chem.E. have been very 

much involved in t h i s area and are in a pos i t i on to t a l k to other senior 

i n s t i t u t i o n s - perhaps a t a c t fu l way can be found. 

Q/C (D. Napier) Ta lk ing of M a s t e r ' s or other spec ia l i sed Safety Courses, 

what primary d i s c i p l i n e s are r e q u i r e d in f i r s t d e g r e e s and would a l l 

candidates reuqi re to be j u s t brought "up to scra tch" in basics? 

R/A Basis could be f a i r l y broad - containing e s s e n t i a l p r i n c i p l e s of science 

and engineer ing. Maybe one should provide a unifying prel iminary course 

in addi t ion - very d i f f i c u l t to gene ra l i s e without looking at c a s e s but 

one to be faced. 

PAPER 2 (M.R. Marshal l and F. S t e w a r t - D a r l i n g ) 

Bouyancy Driven Natural Ven t i l a t ion of Closed Spaces 

Q/C ( J . Burgoyne) Could the same p r inc ip l e s be applied to the v e n t i l a t i o n 

of heav i e r - t han -a i r gases? Would be model apply? 

R/A Yes except t h a t for l a r g e r p ipe s be ing r e q u i r e d because of lower 

explos ion l i m i t of dense g a s e s . V e n t i l a t e to a lower c o n c e n t r a t i o n 

- p o t e n t i a l problem i s pipe s i z e . For example, for leak r a t e s of 10-20 
3 

f t /h down to 25j L . E . L . may r e q u i r e 6 inch pipes - the l a rger tanks 
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would rqui re 12-15 inch p ipes . 

Q/C (D.H. Nap ie r ) ( a ) What a r e e f f e c t s of t e m p e r a t u r e - p a r t i c u l a r l y 

important in s i t u a t i o n s where ambient t e m p e r a t u r e i s very low ( e g . 

C anada ) . The temp, d i f f e r e n t i a l can be a f f e c t e d by cold " p i t s " and 

warming: up of them in ea r ly sp r ing . 

R/A NO, t h e model did not t ake temp, i n t o account but we made some obser­

v a t i o n s . With some r e s e r v a t i o n s , I t h i n k t h a t t h e c a l c u l a t i o n s would 

s t and . 

Q/C (A. J o n e s ) What i s t h e r e a s o n f o r , and e f f ec t s of, the chimneys and 

what happens if the i n l e t p ipe i s h e a t e d (by the sun) more than the 

ou t l e t ? 

R/A The p ipe s are not necessary except for p ro tec t ion for and from persons. 

I t seems unl ike ly that one pipe would in fac t be h e a t e d more than the 

o the r . 

Q/C (R .C . Santon) R e s u l t s were quoted for qu i t e high gas concent ra t ions 

(say 20^) . Can they be ent rapola ted down to low concentra t ions? 

R/A Yes, t e s t s were done with low l eak r a t e s when c o n c e n t r a t i o n s were 

reduced to 20 | of L.E.L. thus covering a wide range. 

Q/C (G. A r t i n g s t a l l ) Two pipes are not r equ i red . In e a r l i e r work buoyancy-

driven flows were desc r ibed . With inc l ined pipes two l aye r s -one upflow 

and one ou t f low were observed and unstable flow with one v e r t i c a l pipe 

was t h i s observed in present work? 

R/A No, not when the flow was s t a b l e . We did get flow reve r sa l with very 

high gas r e l ea se r a t e s and with very windly cond i t ions . 

(Chairman) Paper r e fe r red to i s complementary and was published in an 

e a r l i e r Process Hazards Symposium. 
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Q/C (D.A. Lihou) ( a ) In going from e q u a t i o n (7) to (8) the factor (1-S) 

seems to have been omitted? (b) Were the experiments t o t e s t e q u a t i o n 

(9) which i s for 25? L.E.L. 

R/A (a) Gas d e n s i t y was 0.6 hence (1-S) = 0.4 which appears as a numerical 

constant in ( 9 ) . (b) We were t e s t i n g equation (8) for a whole range of 

gas leak r a t e s , pipe lengths and d iameters . 

Q/C (A. Mjaavatten) What i s the b a s i s for c h o i c e of r e l e a s e r a t e s for 

design - published s tandards are not much help? 

R/A Glad t o have p o i n t about s t a n d a r d s r a i s e d - very few standards s t a t e 

what the v e n t i l a t i o n i s designed to cope w i t h . The 10-20 c . f . h . a re 

t y p i c a l of t hose found in the type of i n s t a l l a t i o n considered - i t can 

e a s i l y be 20-30 c . f .m. 

PAPER 3 (K.N. Palmer and P . F . Thorne) 

Estimating the Hazard Round a Vent 

Q/C (D. Napier) ( a ) When l i q u i d s are p resen t , would d rop l e t s be emitted? 

(b) If i gn i t i on occurs, what sor t of flame would i t form? 

R/A (b) i s a h y p o t h e t i c a l quest ion - no p r a c t i c a l experience s ince re fue l ­

l ing indoors only recen t ly became f a s h i o n a b l e . In such an event fuel 

pumping could not s t o p i n s t a n t a n e o u s l y and flame p r o p a g a t i o n could 

ensue. Regarding ( a ) , some l i q u i d i s c a r r i e d over but not enough to 

cause a pool - not t a k e n account of in momentum j e t and unl ike ly to 

su s t a in a f i r e . 

Q/C (R.E. Evans) Would i t not be b e t t e r to i n s t a l local mechanical v e n t i l ­

a t ion system to ex t r ac t and remove vapour? 

R/A E x t r a work connecting i t would not be popular with the m i l i t a r y because 

in an emergency planes have to be turned round in about 15 minutes -with 

many f u n c t i o n s in p a r a l l e l . M i l l i o n s of pounds have been saved by 

e l imina t ion of s p e c i a l i s t e l e c t r i c a l equipment and for o t h e r s i m p l i f i ­

ca t ions following t h i s laboroat ry i n v e s t i g a t i o n . 
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Q/C (N. Maddison) What i s the e f f ec t of vapour being cooled in very cold 

weather - r i sk of condensation? 

R/A The hangars are heated in very cold weather - above freezing po in t . This 

probably helps the s i t u a t i o n . 

Q/C (R .B . Thorpe) Is t h e r e a r i s k of a flame going back in to the a i r c r a f t 

tank and wold i t be b e t t e r to f i t an a r r e s t e r ? 

R/A Fuel pumping r a t e i s such t h a t a i r - v a p o u r ve loc i ty i s too high for a 

f l a s h - b a c k . There i s an ex t r eme ly s h o r t i n t e r v a l when t h e pump i s 

s topped and t h e r e could be some r i sk depending upon the f lash point of 

the fue l . However, rapid c losure of valves is another safe ty f ac to r . 

(Chairman) In case of a flame on vent , probably b e t t e r t o ext inguish 

flame f i r s t , then s top fuel flow. 

Q/C (F . Roper) For the case of d i l u t i o n of a small diameter tu rbu len t round 

j e t , as the v e l o c i t y inc reases : ( i ) res idence time to a g iven d i s t a n c e 

d e c r e a s e s , ( i i ) t u r b u l e n t d i f f u s i o n r a t e dec reases . The two e f f ec t s 

balance so the d i s t ance to a given d i l u t i o n i s independent of f l o w r a t e 

(provided v e l o c i t i e s are high enough for turbulent flow). 

SESSION 1 (P.M. Chairman: D.A. Lihoa) 

PAPER 4 (R. Fearon and J .H. Burgoyne) 

The Flash-back Hazard in Stacks Discharging Flammable Gases 

Q/C (G.A. Whyte) How important i s the p l a t e thickness? 

R/A One would not requi re a very thin p l a t e because t h e r e i s an e n t r y and 

o u t l e t e f f e c t - would recommend a minimum t h i c k n e s s equa l t o ho le 

diameter . J .H. Burgoyne would say 2-3 times diameter and/or ' f l a r e ' the 

i n l e t to avoid separa t ion at sharp edge. 

Q/C (M.C. J o n e s ) Re F igu re 1, what was tube diameter - needed to convert 

t o t a l volumetric r a t e to v e l o c i t y . 
274 



I.CHEM.E. SYMPOSIUM SERIES NO. 97 
R/A You need to have number of holes and diameter . There i s a spec i f i c a t i on 

for pure hydrogen containing su f f i c i en t i n f o r m a t i o n for c a l c u l a t i o n -

and gave r e a s s u r a n c e t h a t the method i s s a t i s f a c t o r y because we never 

f e l l below requi re v e l o c i t y . 

Q/C (R.L. Rogers) In non-flared vents for H„, i ne r t d i l u t i o n i s used r a the r 

than flame a r r e s t e r s - but e x p e n s i v e . Could s av ings be e f f e c t e d by 

using the perforated plant concept? 

R/A H„ d i s p e r s e s in the atmosphere extremely rap id ly and there should be no 

need for p r io r d i l u t i o n provided no a i r can get i n t o t h e s t r eam be fo re 

t h e o u t l e t . Ign i t ion would s t a r t a flame at the ou t l e t tha t may or may 

not be t o l e r a b l e . 

Referring to hydrogen admixed with N„ in the generat ing process , what i s 

the s i t ua t i on? 

Yes, the perforated p l a t e would be s u i t a b l e for impure H . 

(Chairman) The b a s i c idea i s to subdivide the stream by an increas ing 

number of smaller h o l e s . 

Q/C (R.F. Evans) Can you get flash-back owing to reversed flow? 

R/A The combination of d i l u t i o n and use of a perfora ted p l a t e e n s u r e s t h a t 

t h e r e i s no r i s k of flash-back whatever the v e l o c i t y and regard less of 

how a i r i s drawn in - c a l c u l a t i o n s based on worse c a s e , i . e . s t o i c h ­

i o m e t r i c r a t i o . Using a fixed d i luen t flow, as the hydrogen (or other 

gas) inc reases , the v e l o c i t y i s i n c r e a s e d t h e r e b y c o u n t e r a c t i n g t h e 

e f fec t of less d i luent on f lash-back v e l o c i t y . 

PAPER 5 (H. P h i l l i p s and D.K. P r i t c h a r d ) 

Performance Requirements of Flame Ar res te r s in P rac t i ca l S i tua t ions 

Q/C (D. Napier) ( a ) We seem to be a long way from having s tandards for 

a r r e s t e r s - are they a t t a inab le? (b) From the l i s t i s i t p o s s i b l e t o 

s e l ec t for stopping detonat ions? 
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R/A (a) Much effort will be needed because of the wide range of types and 

applications but standard should be attainable. 

Q/C In the meantime shall we have to test piece by piece? 

R/A Yes, especially where there are commplex volumes upstream and downstream 

- affect performance. Re (b), each configuration must be tested for 

particular detonation - tendency to test for stable detonation which may 

not apply. There's also a tendency to go for shorter pipes whereas for 

a stable detonation, longer pipes are needed. 

Q/C (A.D. Craven) A further pitfall regarding overdriven detonation is that 

weak mixtures were more prone to overdrive than are stoichiometric. 

R/A This adds another parameter making the testing more difficult. 

(Chairman) If you test for certain situations, arrester would work for 

less demanding cases. 

R/A Can predict performance for such cases but flame speeds, pressures are 

not freely available for comparison. 

PAPER 6 (N GIBSON, N MADOISON, J S ROUSLEY and P S N STOKES) 

Assessment o f Dust Explosion Hazards: E f fec t of Changes i n the Test Methods and C r i t e r i a 

The following two wr i t t en con t r ibu t ions were presented: 

(A) A. Mitcheson and A D Craven, Burgoyne Consultants Ltd 

The Problems of Assessing Marginal Dusts 

1. In t roduct ion 

For over th ree decades, members of t h i s p rac t i ce have been consulted on 

a va r i e t y of m a t t e r s r e l a t i n g to c a t a s t r o p h i c combust ion phenomena, 

i n c l u d i n g t h e e v a l u a t i o n of the h a z a r d s of dus t exp los ions , and the 

pro tec t ion of plant and equipment from such hazards . In regard to t h i s , 

there has been an unprecedented upsurge in the amount of information and 

advice published in the l i t e r a t u r e in the form of text books, gu ide l ines 

and Codes of P r a c t i c e which are intended to remove some of the mystery 

from the subject for the plant opera to r . However, we have c o n t i n u a l l y 

been consu l ted on the mat ter and we have found inc reas ing ly tha t advice 
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i s soueht on the meaning of t e s t data and t h e i r i n t e r p r e t a t i o n within 

the published g u i d e l i n e s . In p a r t i c u l a r , a r e cu r r i ng problem which we 

have i d e n t i f i e d concerns the treatment of mater ia l s which we have here 

termed marginal d u s t s , tha t i s , dus ts which are b o r d e r l i n e between t h e 

t r a d i t i o n a l A (exp los ib le ) and B c l a s s i f i c a t i o n s . The problem concerns 

the c r i t e r i a adopted to def ine " e x p l o s i b l e " . Obv ious ly , the c o r r e c t 

i n t e r p r e t a t i o n of the t e s t observat ions i s v i t a l to the plant opera tor : 

he ne i the r wants to incur c o s t s of i n s t a l l i n g unneces sa ry p r o t e c t i o n 

m e a s u r e s , nor does he want to r i s k a p o t e n t i a l l y ca tas t roph ic explosion 

in h i s unprotected equipment. 

F u r t h e r m o r e , the same c r i t e r i a a r e used to de te rmine t h e minimum 

e x p l o s i b l e c o n c e n t r a t i o n s of m a t e r i a l s . Since i t i s p r a c t i c a l t o 

o p e r a t e a plant " sa fe ly" provided tha t the dust concent ra t ion i s at a l l 

times s i g n i f i c a n t l y less than that required to support e x p l o s i v e flame 

p r o p a g a t i o n , i t i s e s s e n t i a l t h a t the v a l u e s of minimum e x p l o s i b l e 

concentra t ion chosen a r e r e l i a b l e . These , of c o u r s e , depend on t h e 

c r i t e r i a of " e x p l o s i b l e " used to e v a l u a t e r e s u l t s from the standard 

t e s t s . 

Two s t a n d a r d t e s t apparatus are widely used, v i z . the v e r t i c a l tube and 

the 20 l i t r e sphere . Our experience with these has r e v e a l e d anomal ies 

with both of them, e i t h e r in te rms of the s u b j e c t i v e assessment of 

o b s e r v a t i o n s , or in t h e p r e c i s e i n t e r p r e t a t i o n of t h e p a r a m e t e r s 

measu red . In t h i s no te we d i s c u s s some of the problems we have 

encountered with both t e s t appara tus . 

2. Marginal Dusts in the Ver t ica l Tube 

We were r e c e n t l y c o n s u l t e d by a prominent brewer who handled grain in 

four basic cond i t i ons . In the rece iv ing s e c t i o n of the brewery g r a i n 

from road t a n k e r s was taken by bucket e leva tor and then t r ans fe r r ed by 

b e l t conveyor to any of a number of concrete s i l o s , in to which the gra in 

was al lowed to f a l l f r e e l y under g r a v i t y . On further examination, we 

found tha t the beam from a flash l igh t could be seen c l e a r l y through the 

d i s c h a r g i n g s t r eam down to t h e bot tom of the s i l o , some 8 0 ' below. 

I n t u i t i v e l y , i t was f e l t tha t the concent ra t ion of the dus t in a i r was 

wel l below tha t required to support explosive flame propagation, and so 
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t h e r e was probably no primary explosion hazard with t h i s sec t ion of the 

p l a n t . To confirm t h i s , t h i s d i s c h a r g i n g s t ream was sampled under a 

v a r i e t y of c o n d i t i o n s , and the maximum dus t c o n c e n t r a t i o n s thereby 

measured ranged between 0.7 m g / l i t r e to 2.3 m g / l i t r e (or oz/1000 c u . f t . ) 

depending on the type of g r a in . 

From thermochemical c o n s i d e r a t i o n s , i t i s p o s s i b l e t o c a l c u l a t e an 

approximate flame temperature which wi l l be produced by given r e a c t a n t s 

which a r e in g iven p ropor t ions . By pos tu la t ing l imi t s of flammability 

in terms of minimum flame temperatures , i t i s therefore poss ib le to work 

backwards and es t imte the corresponding concent ra t ions of the r e a c t a n t s . 

For the major i ty of organic gases and d u s t s a t ambient t e m p e r a t u r e in 

a i r , the L.EL thus defined i s t y p i c a l l y between 40 and 50 m g / l i t r e . This 

compares very well with the published values of gases , Reference 1, and 

t hose o b t a i n e d by t h e U.S . Bureau of Mines for dusts in the v e r t i c a l 

tube apparatus , References 2 - 7 . In t h e c o n t e x t of t h e p r o c e s s under 

cons ide ra t ion , the l i t e r a t u r e values of the LEL of malt bar ley and maize 

g r i t s are 55 m g / l i t r e and 45 m g / l i t r e , r e s p e c t i v e l y , and so the maxiraum 

measured concent ra t ion of 2.3 m g / l i t r e i s seen to be only one twent ie th 

of the minimum explos ib le c o n c e n t r a t i o n , t hus conf i rming our i n i t i a l 

conclus ions . 

However, F i e l d , i n Reference 7, q u o t e s a v a l u e of 9 m g / l i t r e for 

"b rewer ' s g r a i n " . On t h i s b a s i s the marg in i s g r e a t l y reduced and 

s e r i o u s c o n s i d e r a t i o n would have to be given to implementing explosion 

pro tec t ion measures. 

Reference 2 c o n t a i n s t e s t data obtained from 220 dusts of a g r i c u l t u r a l 

o r ig in of which only seven had lower l imi t s below 40 m g / l i t r e . None of 

t h e s e were cerea l d u s t s . In fac t , the two lowest values at 25 m g / l i t r e 

were lycopodium powder and a chemical d e r i v a t i v e of s t a r c h , and t h e r e 

was nothing as low as 9 m g / l i t r e . 

The expe r imen t s c a r r i e d out on " b r e w e r ' s g ra in" are reported in more 

d e t a i l by Monica M. Raftery in Reference 8, who ca r r i ed out the t e s t s at 

FRS. A compar ison of the r e s u l t s of t h i s work with s i m i l a r t e s t s 

car r ied out at U.S. Bureau of Mines (Re fe r ences 2-3) i s i n t e r e s t i n g 

because i t revea ls an almost cons i s ten t d i f ference between the two: the 
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FRS r e s u l t s a re o f t e n about one t h i r d of t h e U .S . Bureau of Mines 

r e s u l t s , as indicated in a few examples in Table 1. 

Both t h e s e t e s t i n g s t a t i o n s used the same v e r t i c a l tube a p p a r a t u s 

although the U.S. Bureau of Mines re fe r to i t as the Hartmann Apparatus. 

Both used the equipment in the same manner by placing a powder sample in 

the d i spers ion cup and blowing up a cloud into the tube with a i r whilst 

a c o n t i n u o u s s t ream of e l e c t r i c sparks passed between the e l e c t r o d e s . 

The dif ference between the r e s u l t s quoted by the two l a b o r a t o r i e s a r i s e s 

d i r e c t l y from the c r i t e r i o n of e x p l o s i b i l i t y . On the one hand, the FRS 

c r i t e r i o n is based on the s igh t ing of any flame in the v i c i n i t y of the 

e l e c t r o d e s , no matter how shor t l ived or even whether i t propagated away 

from the i gn i t i on s o u r c e to any e x t e n t . On the o t h e r hand , the U.S . 

Bureau of Mines took a more pragmatic approach and, accepting tha t the 

mere p r e s c e n c e of flame did not n e c e s s a r i l y r e p r e s e n t an e x p l o s i o n 

h a z a r d , they sought v e r i f i c a t i o n of a propagating flame. Their c r i t e r ­

ion of e x p l o s i b i l i t y was tha t flame should e i t h e r f i l l the t e s t v e s s e l , 

or g e n e r a t e a p r e s s u r e which was su f f i c i en t to rupture a f i l t e r paper 

diaphragm used to seal the top of the tube . 

The FRS c r i t e r i o n has been adopted in t h i s c o u n t r y to d i f f e r e n t i a t e 

between Group A ( e x p l o s i b l e ) and Group B m a t e r i a l s . In t h e case of 

m a t e r i a l s submi t t ed t o FRS a s u b j e c t i v e assessment of flammmability 

behaviour i s made. Mater ials may be descr ibed as "very weak" in which 

c a s e a flame i s s i g h t e d in the v i c i n i t y of the e l e c t r o d e , but hardly 

propagates away from the source, or "weak" in which case the flame i s 

seen t o t r a v e l one or two inches before dying out . Flame propagation 

described as "very weak" q u a l i f i e s t h e m a t e r i a l as be ing e x p l o s i b l e , 

Gorup A. 

3 . Marginal Dusts in the 20 l i t r e Sphere 

By way of another example, we were recen t ly approached by a t i s s u e paper 

manufacturer who had been made aware of a p o s s i b l e e x p l o s i o n hazard 

i n v o l v i n g the paper f l y i n e v i t a b l y thrown off t h e p roduc t du r ing 

m a n u f a c t u r e . The p o t e n t i a l of f l a s h f i r e s i s wel l known in t h e 

i n d u s t r y , but t h e p o s s i b i l i t y of an explosion hazard was not one tha t 

had been considered by that p a r t i c u l a r manufac tu re r and i moreover! I 
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know of no a u t h e n t i c a t e d i n c i d e n t s where an explosion of t i s s u e paper 

dust had occurred. 

Samples of the dust were co l lec ted and t e s t ed at FRS. The mater ia l was 

subjected to the s t a n d a r d e x p l o s i b i l i t y t e s t s and was c l a s s i f i e d as 

Group A, e x p l o s i b l e , but e x h i b i t i n g weak flame p r o p a g a t i o n . The 

m a t e r i a l , t h e r e f o r e , posed a prima f a c i e e x p l o s i o n r i s k and so t h e 

r e l e v a n t e x p l o s i o n pa rame te r s were determined in the 20 l i t r e sphere . 

The r e s u l t s obtained from t e s t i n g three samples are reporduced in Table 

I I . Of p a r t i c u l a r r e l e v a n c e in e x p l o s i o n r e l i e f d e s i g n i s the K 
st 

va lue , which is derived from the maximum measured r a t e of pressure r i s e . 

Th i s l a t t e r in b a r / s e c i s p lot ted against dust concent ra t ion in Figure 

1. The enormous s c a t t e r in the measured values of dp/dt wi l l immediately 

be s e e n . Even more d i s t u r b i n g the h i g h e s t r a t e of pressure r i s e and 

s i g n i f i c a n t maximum explosion pressures were measured, and t h i s from a 

d u s t which exhibi ted weak flame propagation in the c l a s s i f i c a t i o n t e s t . 

In each case the minimum explos ib le dust c o n c e n t r a t i o n was g iven as 5 

g m / l i t r e as compared to the l i t e r a t u r e values of between 30 m g / l i t r e and 

125 m g / l i t r e ( 7 ) . 

As a f u r t h e r example of apparently anomalous 20 l i t r e sphere r e s u l t s , a 

s e r i e s of samples of " d r i e d v e g e t a b l e m a t e r i a l " were s u b j e c t e d to a 

s imi l a r t e s t programme and the r e s u l t s are reproduced here as Table I I I . 

I t wi l l be seen tha t th ree of the four samples which were t e s t e d f u l l y 

gave no flame in t h e v e r t i c a l tube with hot co i l i g n i t i o n , and only a 

very weak flame with continuous e l e c t r i c spark d i s c h a r g e , and yet a l l 

t h r e e produced p o t e n t i a l l y c a t a s t r o p h i c overpressures and s i gn i f i c an t 

r a t e s of pressure r i s e in the 20 l i t r sphere . In th i s respec t i t should 

be r e c a l l e d t h a t t h e term "very weak flame" ind ica tes tha t although a 

flame i s observed in the v i c i n i t y of the c o n t i n u o u s spark d u r i n g t h e 

t e s t , s u s t a i n e d flam propagation exceeding a few cent imetres away from 

the spark does not occur. 

4 . Discussion 

From the p r a c t i c a l view poin t , the purpose of the var ious standard t e s t s 

should be t o : 
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(a) iden t i fy whether the mater ia l poses an explosion hazard, and 

(b) evaluate those p roper t i e s which wil l allow the determinat ion of the 

r e q u i s i t e p ro t ec t i ve measures. 

The v e r t i c a l tube has long been used not only to c l a s s i f y mate r i a l s in to 

explos ib le (Group A) or non-explosible (Group B), but a lso to d e t e r m i n e 

minimum explos ib le concen t ra t ions . The problem we have h ighl ighted here 

i s the d e f i n i t i o n of exp los ib l e . The mere appearance of flame in t h e 

immediate v i c i n i t y of the i gn i t i on source confirms tha t the mater ia l i s 

f lammable, bu t does not n e c e s s a r i l y ind ica t e that i t has flammability 

c h a r a c t e r i s t i c s of the type where a flame p r o p a g a t e s and invades a 

volume s u f f i c i e n t l y to cause an explosion. 

The h a l l m a r k of an explosion i s the genera t ion of p ressure , and so the 

U.S. Bureau of Mines c r i t e r i o n of e x p l o s i b l i t y i s a t t r a c t i v e in t h a t i t 

c e r t a i n l y d i f f e r e n t i a t e s between flammable and exp los ib l e . After a l l , 

if the dus t cannot even l i f t or b u r s t a shee t of f i l t e r p a p e r , the 

haza rd i t p r e s e n t s t o t h e i n d u s t r i a l p l an t must be minimal. In t h i s 

r e spec t , a more s u i t a b l e t e s t might be based on the " f l i p - t o p " Hartmann 

a p p a r a t u s , i . e . a v e r t i c a l tube with a l ightweight , hinged cover over 

the t op . The c r i t e r i o n of e x p l o s i b i l i t y might then be the o b s e r v a t i o n 

of e i t h e r movement or the f l i p - t o p , or flame propagation away from the 

e lec t rodes at l ea s t to the tube w a l l s . In view of G i b s o n ' s f i n d i n g s 

( 9 ) , a more e n e r g e t i c i g n i t i o n source tha t the one cu r ren t ly employed 

might be considered (see l a t e r ) . 

With regard to the p r e s e n t i n t e r p r e t a t i o n of the v e r t i c a l tube t e s t , 

F i e l d (7) r e c o g n i s e s t h a t the mere appea rance of flame does not 

necessa r i ly mean tha t the dust poses an explosion hazard in p r a c t i c e : 

" dus ts producing ex t remely weak flame p r o p a g a t i o n , 

i . e . in which s m a l l , t h i n , fragmented flames only j u s t move 

away from the i g n i t i o n source , a re a l s o regarded as e x p l o s ­

i b l e ; in such ca se s t h i s c l a s s i f i c a t i o n may be qua l i f ied by 

l abe l l i ng them as marginal ly exp los ib le , with the e x p e c t a t i o n 

tha t no ser ious explosion pressure would r e s u l t " . 
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However, we have found a reluctance to regard marginal Group B dusts as 

anything but extremely hazardous. The problem seems to be in accepting 

that a dust need not be black (Group A) or white (Group B), but can be 

grey, i.e. marginal - certainly flammable but not necessarily explos-

ible. Perhaps there is a need for a third classification to include 

such dusts. 

In terms of evaluating explosion parameters, the vertical tube justif­

iably attracts criticism because its size and shape influence the flame 

propagation process, the ignition source is not particular energetic and 

a uniform dust suspension with repeatable turbulence levels cannot be 
3 

guaranteed. Thus the lm cylinder and later the 20 litre sphere were 

proposed as standard test vessels. In the 20 litre sphere, the ignition 

source comprises 2 x 5kJ chemical igniters. In this Symposium Gibson et 

al (9), have demonstrated that such an ignition source is significantly 

more energeteic than would be encountered in industry. Moreover, it 

evidently affects flame propagation in marginal dusts in that it appears 

to drive a flame in materials which have been previously found to be 

Group B. The present results for tissue paper fly illustrate this 

tendency also. It will be seen that the lowest concentration studied, 

which was only 5 mg/litre, produced the highest rate of pressure rise. 

For "standard" dusts the "standard" test supplies sensible, reproducible 

and pertinent data. However, for marginal dusts, say, K <100, and for 

Group B dusts, the ignition source is clearly too severe. 

How does this conclusion affect the determination of minimum explosible 

concentration, since such mixtures might be regarded as marginal and 

should produce low rates of pressure rise? We have taken values from 

Reference 7 for ostensibly identical dusts, measured byU.S. Bureau of 

Mines in the vertical tube and by Bartknecht in the lm cylinder. These 

are reproduced in Table IV, and it will be seen that in only five cases 

are the lm cylinder values lower than the U.S. Bureau of Mines vertical 

tubes values. It would appear, therefore, that values of minimum 

explosible concentration measured in the vertical tube are conservative 

and can be used with confidence. Of course, this conclusion does not 

necessarily extend to other parameters measured in the Hartmann appar­

atus . 
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The anomaly highl ighted above could be explained in e i t h e r of two ways, 

F i r s t l y , i t might i n d i c a t e t h a t the c o n c e n t r a t i o n of dus t a t the 

i g n i t i o n source of the v e r t i c a l tube i s s i g n i f i c a n t l y higher than the 

average concentra t ion computed on the b a s i s of the f u l l volume of the 

t u b e . A l t e r n a t i v e l y , i t might i n d i c a t e t h a t s i n c e the volume of 

mater ia l which is required to produce a lower l imi t mixture i s so small 

compared with t h e volume of the ex te rna l dust chamber and sparge pipe 
3 ( p e r f o r a t e d d i s p e r s i o n r ing) of the 1 m cy l inder and 20 l i t r e sphere, 

t hen a s i g n i f i c a n t p r o p o r t i o n of the dus t remains t r apped in t h e 

pipework and f i t t i n g s and i s never ac tua l ly dispersed in to the apparatus 

during the t e s t . 

5. Conclusions 

5 .1 The present c r i t e r i o n used to d i f f e r e n t i a t e between Group A and 

Group B d u s t s in t h i s c o u n t r y i9 based on f l a m m a b i l i t y r a t h e r than 

e x p l o s i b i l i t y . 

5.2 A more s u i t a b l e c r i t e r i o n might be the observat ion of e i t h e r 

susta ined flame propagation, or evidence of the generat ion of p r e s s u r e . 

With regard t o the l a t t e r , a modif ied ( f l i p - t o p ) Hartmann apparatus 

might be s u i t a b l e . 

5 .3 A t h i r d c a t e g o r y of e x p l o s i b l i t y might be adopted to encompass 

marginal d u s t s , i . e . dusts which are flammable in the standard t e s t , but 

do not e x h i b i t p r o p e r t i e s of s u s t a i n e d flame propagation or pressure 

genera t ion . 

5.4 Because of t h e c r i t e r i o n of e x p l o s i b i l i t y , values of minimum 

explos ib le concentra t ion measured in the v e r t i c a l tube in t h i s coun t ry 

might be u n r e a l i s t i c a l l y low. 

5.5 However, values of minimum explos ib le concentra t ion measured by 

U.S. Bureau of Mines in the v e r t i c a l tube appear genera l ly c o n s e r v a t i v e 
3 

compared with those measured in the 1 m cylinder. 

5.6 The ignition source used in the 20 litre sphere test is too 

energetic for marginal dusts in that it appears to drive a flame through 
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a dust cloud which would otherwise not support sustained flame propa­

gation. 

5.7 Explosion parameters measured in the 20 litre sphere test for 

marginal dusts must be interpreted with caution. 
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TABLE I 

Comparison of literature values of minimum explosible concentrations 

in mg/litre 

F.R.S. 

Benzoic acid 11 

Sugar 15 

Soap 20 

Sulphur 20 

U.S.B.M. 

30 

45 

75,85,60,45 

45 and 35 
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Test data from 20 litre 8 phi 

Dust Concentration 

mg/1itre 

0 

5 

10 

20 

25 

50 

75 

100 

250 

500 

750 

Test Data for Dr 

Sample 

G 

H 

K 

Q 

ied Ve 

Vert 

TABLE 

»re for 

2.23, 

2.19, 

2.4, 

2.15 

1.99, 

2.64, 

2.4 

2.76, 

2.68, 

3.01, 

II 

3 samples of 

Pmax 

bar 

.89 

2.52, 

2.15, 

2.48 

2.44 

2.88 

3.21, 

3.74, 

3.61 

TABLE III 

getable Mat 

20 

icaJ 

Hot Coil 

NF 

VWF 

NF 

NF 

litre s 

. tube 

Spark 

VWF 

HF 

VWF 

VWF 

erial ] 

iphere 

2.23 

2.36 

2.84 

3.25 

t 

From Ver 

issue paper dust 

71, 

57, 

65, 

50 

33, 

IOC 

47 

72, 

94, 

99, 

dP/dt 

bar/s 

83 

102, 70 

86, 77 

66 

74 

>, 83 

60, 70 

92, 73 

88 

tical Tube and 

20 litre 

Pmax 

3 

6, 

3 

4, 

.59 

.55 

.31 

.77 

sphere 

dP/dt 

97 

277 

84 

211 

KEY: NF - No Flame Propagation 
VWF - Very Weak Propagation 
WF - Weak Flame Propagation 

Pmax in bar 
dP/dt in ba r / s 

(N.B. As we understand, none of the t e s t s r e l a t i n g to samples 
G, Hi K or O gave sustained flame p r o p a g a t i o n in t h e v e r t i c a l 
tube t e s t ) 
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TABLE IV 

Values of Minimum Explosible Dust Concentrat ion, from Reference 7 

All values in m g / l i t r e . 

3 
Material U.S.B.M. lm cy l inder 

Acetoacetanilide 
Adipic Acid 
Calcium Stearate 
Carboxymethyl Cellulose 
Cellulose 
Cork 
Cotton Flock 
Dextrin 
Di-tert-butyl-p-cresol 
Epoxy resin 
Ethyl Cellulose 
Grain, mixed 
Iron Carbonyl 
Iron, sponge 
Lignite 
Magnes ium 
Milk, skimmed 
Paraformaldehyde 
Pentaerythritol 
Phenolic Resin 
Polyvinyl Acetate 
Soya Meal 
Sulphur 
Wheat 
Wheat Starch 
Yeast 
Zinc 

30 
35 
25 
60 
45 
35 
50 
50 
15 
12 
25 
50 
105 
100 
30 
30 
50 
40 
30 
20 
40 
180 
20 
60 
45 
50 
400 

30 
60 
30 
125 
60 
30 
100 
60 
15 
30 
125 
125 
125 
200 
60 
30 
60 
60 
30 
15 
30 
200 
30 
60 
60 
30 
250 

(B) K.N. Palmer , Fire Research Station, Boreham wood 

Dust E x p l o s i b i l i t y Tes t ing ; Comments on (A) 

Introduct ion 

The paper by Gibson, Maddison, Rounsley and S tokes r a i s e s c e r t a i n 

quest ions on the methodology for dust e x p l o s i b i l i t y t e s t i n g and comments 
2 

by Mitcheson and Craven r a i s e further points on the a p p l i c a b i l t y of the 

r e s u l t s of s m a l l - s c a l e t e s t s to p r a c t i c a l s i t u a t i o n s . The comments 

r a i s e d a r e b a s i c a l l y t e c h n i c a l , and need to be d i scussed , but i t i s 
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impor t an t at the same t ime t h a t the g e n e r a l methodology for dus t 

e x p l o s i b i l i t y t e s t i n g in t h e UK i s not c a l l e d i n t o q u e s t i o n . This 

methodology has been in e x i s t e n c e for several decades, and has served 

both i n d u s t r y and the r e g u l a t o r y a u t h o r i t i e s w e l l . I t would not be 

p r o d u c t i v e t o c a s t doubt upon the b a s i c s of t h e methodology, or to 

i n t r o d u c e s u b j e c t i v e c r i t e r i a in p l a c e of o b j e c t i v e methods . But 

technica l reappra i sa l should take place at i n t e r v a l s , to take account of 

new knowledge and methods, but on the understanding t h a t m o d i f i c a t i o n s 

would evo lve r a t h e r t han be ing imposed d i s c o n t i n u o u s l y . This note 

considers some of the more basis i ssues ra ised in the two r e fe rences . 

Why are c l a s s i f i c a t i o n t e s t s necessary? 

Of a l l the count r ies in Western Europe and North America i t i s only the 

UK tha t has had in exis tence for many years a set of q u a l i t a t i v e t e s t s 

fo r d e t e r m i n i n g whether or not a dust i s to be regarded as ex p l o s i b l e . 

The fact tha t the UK is unique does not mean i t is wrong. The need for 

the t e s t s a r i s e s p r i n c i p a l l y from the requirements of the 1961 Factor ies 

Act, p a r t i c u l a r l y Section 31, where i t may need to be decided by laymen, 

p a r t i c u l a r l y l a w y e r s , whether a dust i s l i a b l e to explode on i g n i t i o n . 

To decide t h i s point s tandard t e s t s are prescr ibed in which the opera tor 

has t o d e c i d e whether or not flames p r o p a g a t e away from an i gn i t i on 

s o u r c e , a spark or a hot c o i l , in a v e r t i c a l tube . This dec is ion i s 

ob jec t ive and, indeed , may be made by a layman. In the r e p o r t , the 

person c a r r y i n g out the t e s t i s enabled to give guidance as to whether 

the flame propagat ion was weak, ve ry weak, or s t r o n g , but t h e s e are 

s u b j e c t i v e assessments and are included for a guidance and are not part 

of the formal t e s t c r i t e r i o n . 

Gibson et a l , in t h e i r Table 1, give a c l a s s i f i c a t i o n for nine dusts but 

i t is not c l e a r whether these were t e s t e d in both v e r s i o n s of the 

v e r t i c a l tube appa ra tu s or whether a hot co i l was used in a hor izonta l 

tube for part of the work. The hor izonta l tube would be a l e s s s e v e r e 
4 

t e s t than a v e r t i c a l one, both with a hot c e l l , so the number of dusts 

a t t r i b u t e d to Group A may be underest imated. 

I t i s t h e c a s e as s t a t e d by Gibson et al that the c l a s s i f i c a t i o n 

c r i t e r i a only apply to dus ts d ispersed at ambient t e m p e r a t u r e , but the 
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c l a s s i f i c a t i o n i s customari ly extended to cover temperatures up to 110°C 

to cover low t empe ra tu r e d r y e r s . I f the dus t i s to be d i s p e r s e d a t 

t e m p e r a t u r e s s i g n i f i c a n t l y above 110°C then the c l a s s i f i c a t i o n method­

ology should not be applied and an indiv idual assessment i s needed. The 

p r e s e n t dus t e x p x l o s i b i l i t y t e s t i n g methodology der ives from o r ig ina l 

work on both labora tory bench scale and in a large scale v e r t i c a l t u b e , 

25cm d i ame te r and 5.2m long , in which a range of d u s t s of v a r y i n g 

e x p l o s i b i l i t i e s was examined and mixtures of phenol - formaldehyde r e s i n 

wi th magnesium o x i d e , in va ry ing propor t ions , were dispersed at known 

concen t ra t ions . The i gn i t i on source was a p r o p a n e / a i r flame i n j e c t e d 

i n t o the lower p a r t of the tube forming an a p p r o x i m a t e l y sphe r i ca l 

i gn i t i on source occupying the tube d i a m e t e r . The c r i t e r i o n for flame 

p r o p a g a t i o n was t h a t t h e dus t should support flame for at l eas t 60cm 

from the mid-point of the i gn i t i on flame. Flame propagation in the tube 

could be e i t h e r p a r t i a l , or f u l l length . As a r e s u l t of t h i s work i t 

was concluded tha t the cur ren t Group A/Group B explos ib i 1 i t y c l a s s i f i ­

c a t i o n was v a l i d . As the explosion pressure was attempted. A further 

i n v e s t i g a t i o n in the same experimental equipment, u s ing coa l d u s t , and 

m i x t u r e s of coal dus t with stone dust , gave r e s u l t s tha t were cons i s ­

t en t both with the phenol formaldehyde/magnesium oxide i n v e s t i g a t i o n and 

a l s o wi th r e p o r t e d work from coa lmine g a l l e r y e x p e r i m e n t s . I t was 

therefore concluded tha t the t e s t apparatus was of s u f f i c i e n t s c a l e t o 

be r e a l i s t i c r ep resen ta t ion of i n d u s t r i a l cond i t ions . 

More energet ic sources could have been used, as Gibson et al d id in the 

l a b o r a t o r y bench s c a l e apparatus , and such sources would tend to dr ive 

the explosion over a longer d i s t ance , but not n e c e s s a r i l y to conve r t a 

p a r t i a l p r o p a g a t i o n i n t o one t h a t was comple te t h roughou t the dust 

suspensions. The energy of the p ropane /a i r i g n i t e r was about 16,000J 

and on t h e i n d u s t r i a l sca le would not be considered excess ive . Indeed, 

in i n d u s t r i a l p l a n t , t h e p o s s i b i l i t y of flame p r o p a g a t i n g from one 

vesse l in to another , in jec t ing a large i gn i t i on source in the process or 

the use of a gas /oxygen c u t t i n g flame which could i g n i t e dus t in a 

heavi ly enriched oxygen atmosphere could be far more energe t ic sources . 

The r e s u l t s obtained by Gibson et a l on exp los i b i l i t y c l a s s i f i c a t i o n 

would seem to i n d i c a t e tha t if any changes are to be made, then a more 

s t r i ngen t c l a s s i f i c a t i o n i s r e q u i r e d . P r a t i c a l e x p e r i e n c e does not 
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suppor t t h i s conclusion, and fur ther evidence would be necessary before 

Such a development could be se r ious ly contemplated. 

Pressure character is t ics 

Gibson et al s tudied explosion pressures in the 20 l i t r e sphere with the 

standard i gn i t i on source (10,000J) and o t h e r sou rces of lower e n e r g y . 

With the s t a n d a r d system they measured s i g n i f i c a n t maximum explosion 

pressures with Group B dus ts but they then cast doubt upon the a p p l i c a ­

b i l i t y of t h i s i g n i t i o n sou rce in the c i r c u m s t a n c e s . The c a s e of 

unp las t i c i sed pvc i s p a r t i c u l a r l y i n t e r e s t i n g s i n c e a l t h o u g h t h i s i s 

o f f i c i a l l y c l a s s i f i e d as in Group A, no s ign i f i can t pressure e f fe t s are 

found in the Hartmann bomb equipment and i n d u s t r i a l p r a c t i c e has 

followed th i s l i n e . However with the s t a n d a r d source in the 20 l i t r e 

sphere, s i gn i f i c an t pressure measurements are obtained and t h i s fact was 

indeed n o t i c e d by the o r i g i n a t o r s of the 20 l i t r e sphe re but the 

f i n d i n g s do not appear to have been ful ly implemented in the p r a c t i c a l 

s i t u a t i o n . Current p rac t i ce appears to be j u s t i f i e d , but if there i s to 

be any change then i t i s l i k e l y to be in the d i r e c t i o n of g r e a t e r 

s t r ingency . 

Hartmann bomb and 20 l i t r e sphere 

Gibson e t a l a re ambiva len t towards the use of the Hartmann bomb 

claiming that s i gn i f i c an t cooling takes place during the cou r se of the 

t e s t ( F i g u r e 3 ) . In fac t t h i s is a misunderstanding, the kink in the 

p r e s s u r e / t i m e curve a r i s e s a t the i n s t a n t when the i n i t i a l flame 

p r o p a g a t i o n which i s of s p h e r i c a l shape r e a c h e s the w a l l s of the 

cy l inder and t he r ea f t e r can propagate only aong the a x i s , at a d i f f e r en t 

rate of generat ion of volume. This has been demonstrated using propane/ 

a i r mixture in the Hartmann bomb thus avoiding complicaitons due to dust 

d i s p e r s i o n and t u r b u l e n c e . I t is l i k e l y tha t the Hartmann apparatus 

wil l continue to have use in the future , p a r t i c u l a r l y for dusts that are 

d i f f i c u l t to d i s p e r s e in t h e 20 l i t r e s p h e r e . A p p l i c a t i o n of the 

r e s u l t s to p r ac t i c a l systems wi l l s t i l l have v a l i d i t y . 

Gibson e t a l po in t out t h a t in making explosion pressure measurements 

with the 20 l i t r e sphere with weakly explos ib le dusts enhanced values of 
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maximum p r e s s u r e and maximum r a t e of p r e s s u r e r i s e are obta ined. As 

they ind ica te t h i s could well be due t o the powerful i g n i t i o n source 

o v e r d r i v i n g the e x p l o s i o n in i t s ea r ly s t ages , in a s imi la r manner to 

the behaviour of Group B dusts in non-standard s m a l l - s c a l e t e s t s . But 

with t h e 20 l i t r e sphe re ano the r factor opera tes in tha t the ign i t ion 

source i t s e l f generates p ressure , in the absence of d u s t . The maximum 

e x p l o s i o n p r e s s u r e due to the source alone, in clean a i r , i s about 1.0 

bars and the Kst value i s about 20, giving for t h i s apparatus a maximum 

r a t e of p r e s s u r e r i s e of about 75 bars / second. Thus, in any case, Kst 

v a l u e s found for d u s t s t h a t a re below 100 w i l l be a f f e c t e d by t h e 

c o n t r i b u t i o n from the i g n i t i o n source. In i n d u s t r i a l p lan t , in specia l 

cases , an argument could be made for using with rese rva t ion t h e 10.000J 

s o u r c e , for r e a s o n s d e s c r i b e d e a r l i e r . However, a pragmatic approach 

requi res tha t local circumstances be taken into account and a reasonable 

compromise be reached. However i t is unreasonable to expect the t e s t to 

do t h i s ob jec t ive ly s ince i t has been designed for use in the chemical 

i n d u s t r y , with f i n e powders t h a t can be d i s p e r s e d by the mechanism 

provided in the sphere . 

Some d u s t s a r e d i f f i c u l t t o d i s p e r s e and the paper dust described by 

Mitcheson and Craven is an example. This i s f ibrous t i s s u e ra ther than a 

powder and has a tendency to hold up in the d i spers ion equipment. This 

clogging process could reduce the amount of paper in s u s p e n s i o n , and 

a l s o t h e a i r p r e s s u r e a t the t ime when the i g n i t e r i s automatical ly 

f i r ed . One would expect the effect to become g r e a t e r at h i g h e r paper 

concen t ra t ions . 

Inspect ion of Mictheson and Craven's Figure 1 ind ica te s tha t at low dust 

concen t ra t io ins the maximum r a t e of p r e s s u r e r i s e may be above t h e 75 

b a r s per second expected from the i g n i t e r i t s e l f . However, with d i f f i ­

c u l t d i s p e r s i o n , e r r a t i c r e s u l t s would be o b t a i n e d and a t h i g h e r 

c o n c e n t r a t i o n s lower r a t e s of pressure r i s e may be obtained even though 

there i s in p r i n c i p l e more combus t ib l e in t h e system to b u r n . Th i s 

paper d i s p e r s i o n problem could be the reason for the e r r a t i c shapes of 

the l ines in Figure 1, spanning both s i d e s of the 75 bar per second 

o rd ina t e , and could also explain why a r e l a t i v e l y high value is obtained 

with a low concentra t ion of dus t . 
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Minimum explosible concentration 

2 . . . 

Mi tcheson and Craven comment on low values quoted for minimum explos­

i b l e concent ra t ion with c e r t a i n d u s t s , and question the v a l i d i t y of the 

measu remen t s . They quote t h e p o s s i b i l i t y of making thermodynamic 

c a l c u l a t i o n s , as i s the case for gas m i x t u r e s , from which v a l u e s of 

minimum e x p l o s i b l e c o n c e n t r a t i o n of 40 t o 50 m g / l i t r e are obtained. 

However th i s c a l c u l a t i o n assumes tha t the system is homogeneous and t h i s 

i s not the c a s e with dus t s u s p e n s i o n s where, f i r s t l y , a homogeneous 

suspension is p r a c t i c a l l y impossible to obta in and an average v a l u e has 

t o be t a k e n , and s econd ly t h e dust i s in motion r e l a t i v e to the flame 

because of g r a v i t y . A s t ra ightforward example i s g iven by Palmer and 
. 4 Tonkin for phenol formaldehyde r e s i n . In the smal l - sca le t e s t apparatus 

the minimum e x p l o s i b l e c o n c e n t r a t i o n was found to be 0 . 0 1 5 g / l i t r e 

whereas in t h e l a r g e - s c a l e v e r t i c a l t u b e , t h e v a l u e was about 

0 . 0 3 g / l i t r e . The smal l - sca le tube thus appeared to give about h a l f the 

value in the l a rger sca le tube . Both apparatuses would be subject to the 

ac t ion of g rav i ty and the motion of p a r t i c l e s r e l a t i v e to the flame in 

t h e s m a l l - s c a l e tube would be d i f f i c u l t to a s s e s s . In the l a rge - sca le 

tube i t was measured and was found to double the v a l u e a p p a r e n t l y 

measured i e . the minimum e x p l o s i b l e concen t r a t i on in the l a rge - sca l e 

tube was about 0 . 0 6 g / l i t r e . This sounds a reasonable value be ing about 

hal f the s to ich iomet r ic concent ra t ion . 

However, a d i f f e ren t p i c tu re emerges with polyethylene dust . This dust 

had the s i z ing analys is shown in Table 1 and a moisture content e f f e c t ­

i v e l y z e r o . A s p e c i f i c i nves t i ga t ion of the lower e x p l o s i b i l i t y l imi t 

was made in the l a rge - sca l e tube, with the top c losed and bot tom open, 

and t h e r e s u l t s a r e summarised in Table 2. S i m i l a r r e s u l t s were 

obtained with the bottom of the tube closed and the top open. Unde both 

s e t s of condi t ions the concent ra t ions were low and the dust clouds were 

almost t r an spa ren t . V i s i b i l i t y was c e r t a i n l y many m e t r e s . ALso, the 

flame was fragmented and i t did not propagate at a steady r a t e . After 

allowing for g r a v i t a t i o n a l f a l l of dus t i n t o the f lame, the minimum 

e x p l o s i b l e c o n c e n t r a t i o n in the large sca le tube was about 0.015g per 

l i t r e . With the s to ich iomet r ic concent ra t ion of 0.088g per l i t r e . Thus 

the minimum e p x l o s i b l e c o n c e n t r a t i o n for p o l y e t h y l e n e was about one 

s ix th of the s to ich iomet r ic concent ra t ion! compared with about h a l f fo r 
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phenol formaldehyde resin, and thus illustrating the wide range of 

behaviour that may be obtained with different dusts. It is therefore 

not legitimate to conclude that low values of minimum explosible 

concnetration are necessarily unrealistic. 

Whether a mixture at the minimum explosible concentration, whether of 

dust or gas, should be regarded as flammable rather than explosible is a 

very debatable point. Certainly, with gas mixtures, no such distinction 

is made and all mixtures that will propagate flame are regarded as 

potential epxlosion hazards even though at the flammability limits the 

pressure rise may be negligible. To introduce a distinction between 

flammability and explosibi1ity for dusts would be a deviation from 

current practice, would probably involve some subjective decision by the 

test operator as to whether pressure development was significant or not, 

and would remove the simplicity of the present criterion. It is not the 

case, as Mitcheson and Craven claim, that there is a reluctance to 

regard marginal Group B dusts as anything but extremely hazardous. This 

is not even the case with marginal Group A dusts, as shown by current 

practice in the UK for unplasticissed PVC dust. 

Conclusion 

The explosibility classification criteria curently in use in the UK are 

generally satisfactory, dealing with marginally explosible dusts in 

practice does not cause great difficulty. If, following further work, a 

change were to be introduced it would probably be in the direction of 

increased stringency. 

In measuring the explosion pressure characteristics both the Hartmann 

bomb and the 20 litre sphere have some limitations. The Hartmann bomb is 

perhaps suitable for a wider range of types of dust, whereas the 20 

litre sphere may be preferable for the fine powders for which it was 

designed, provided account is taken of the energy of the ignition 

source. 

The minimum explosible concentrations of dusts can be low, as compared 

with gases and vapours, and explosion protection measures must take 

account of this. Good visibility through a dust suspension is not a 
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g u a r a n t e e tha t the concent ra t ion of dust i s below the minimum for flame 

propagat ion. 

At t empt ing to d i s t i n g u i s h between flammable and explos ib le dust c louds, 

and p a r t i c u l a r l y the changeover from one to the o t h e r , would i n v o l v e 

s u b j e c t i v e judgement and would c o m p l i c a t e the c u r r e n t l y s imple 

s i t u a t i o n . 
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TABLE 1 

Sizing analys is of polyethylene dust 

B.S. Mesh Percentage by weight 

6 0 + 7 2 20.2 
72 + 120 62.5 

120 + 240 16.5 
-240 0.5 

TABLE 2 

Lower explosibility limit of polyethylene dust; 
ignition near open end of tube 

Dust Concentration 

g/1 
Extent of flame propagation 

0.008 None 

0.011 Part tube length 
0.017 " " " 
0.019 " " " 
0.021 " " " 

0.024 Whole tube length 
0.034 " " " 
0.041 " " " 
0.046 
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Q/C (N. Haddison) Responding to Mitcheson, says that he has highlighted 

problems of interpreting statutory regulations to be agreed with H.S.E. 

Problem re. ignition source in 20 litre sphere. With spark discharge, 

electrodes can be white hot and can create flammable gases from dust 

which in turn propagate flame. If when tested in the 20 litre sphere a 

K of 100 is found, then possible sources of ignition in the industrial 

environment should be identified and testing done with similar sources: 

if no pressure effect - no need to protect. 

R/A (A. Mitcheson) Agrees that some tests with the sphere have a zero error 

but any correction not simple and cannot be allowed for. 

Q/C (N. Gibson) Quoted case of UK plant not requiring protection following 

tests done in vertical tube and similar plant for Europe requiring 

protection following tests done in sphere. What do we do when the 

sphere gives a very positive answer? Suggests we choose an ignition 

source between 500 and 1000J because this is realistic in relation to 

industrial sources of ignition such as sparks and friction. 

R/A (A. Mitcheson) Many problems exist outside the process industry and 

other sources of ignition may exist. He gave reasons for using higher 

energy sources of ignition. 

Q/C (J.H. Burgoyne) The relevant measurement of the lower flammability 

limit is the ratio of fuel to air actually entering the propagating 

flame front - not the same as the instantaneous fuel concentration in a 

given volume of air. This applies to any situation where fuel and air 

travel at different velocities (For explanation, see: J.H. Burgoyne, 

I.Chem.E., 1963, Symp, . Series 17, pl-5). Some discrepancies between 

L.F.L. measurements for dusts are no doubt due to ignoring this point. 

(TRAINING FILM) (I.Chem.E.: K.J. Myers) 

Introduction stressed the Institution's more active role in Safety and 

Loss Prevention and referred to the Loss Prevention Bulletin. It mainly 

deals with case histories. 
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SESSION 2 (A.M. Chairman: N. Gibson) 

PAPER 7 (H.C. J a g g e r a , D.F . F r a n k l i n , D.R. Ward and F.G. Roper) 

Factors c o n t r o l l i n g burning time in non-premixed clouds of fuel gas 

Q/C (R.L. Rogers) Does the p o s i t i o n of the i g n i t i o n source a f f e c t the 

burning time? 

R/A No s ign i f i can t e f fec t observed. 

Q/C (Chairman) What i s the dens i ty value used? 

R/A The dens i ty of ambient a i r used because the length dimension used i s the 

d i a m e t e r of t h e f i r e b a l l in the fuel bubble - hence cube roo t of fuel 

mass divided by a i r dens i t y . This cho i ce l e a v e s l e a s t dependence on 

fac to rs such as dens i ty r a t i o (fuel gas/ambient a i r ) . 

Q/C (Chairman) Fa i r ly c l ea r boundary between l ines A and B - which was done 

with soap bubble? 

R/A Both done with same soap bubble technique, the d i f fe rence being a change 

in regime as one increases the mass of gas for quiescent r e l e a s e s . For 

l i n e B we suspect viscous e f fec t s and l ine B represen ts fu l ly turbulent 

cond i t i ons . 

Q/C (Chairman) Does the mushroom shape ind ica t e d i f f e ren t fac tors operat ing 

in the two par t s? 

R/A A d i f f i c u l t question'. The top of f i r e b a l l r i s e s at a constant v e l o c i t y , 

the r e s t at a r a t e propor t ional to fuel mass. The head becomes a sphere 

as a r e s u l t of f i r e b a l l s p r e a d i n g i n t o s u r r o u n d i n g a i r . Chairman 

appreciated that several factors operate s imultaneously. 

Q/C (R.C. Gray) Larger s p i l l s of l iqu id cause h e a v i e r - t h a n - a i r gas pancake 

clouds and are more l i k e l y than bulk l i q u i d i n c i d e n t s . Do t e s t s show 

pancake shape explosions to be l e s s damaging than spher ica l? 

R/A Depends on how the cloud l i f t s off the ground and study i s s t i l l needed 

- v i o l e n t r e l e a s e i s needed to cause l i f t . Pre l iminary work (not in 
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p a p e r ) , compares wi th L e w i s ' s work ( i l l u s t r a t e d by s l i d e s ) . There i s 

l i t t l e ev idence t h a t fuel gal can l i f t off ground u n l e s s p r o p e l l e d 

- l a r g e s c a l e t e s t s show t h a t fue l bu rns on ground. With scale-up of 

buoyancy - cont ro l led r e l e a s e , burning t ime i n c r e a s e s as 1/6 power of 

mass and t ime for flame to spread a c r o s s the cloud increases as 1/3 

power of mass hence cloud is burned out before i t can form a f i r e b a l l . 

Q/C ( J . Moorhouse) What i s the p o t e n t i a l i n f l u e n c e of r e l ea se ve loc i ty 

( s i m i l a r fuel mass) on r a d i a n t emi s s ion c h a r a c t e r i s t i c s ? Have any 

d i f ferences been observed? 

R/A Emission would depend on surface emissive power v a r i a t i o n of which seems 

small , a lso on growth r a t e . F i r e b a l l s r e l e a s e d from a h igh p r e s s u r e 

source grew more rap id ly than from quiescent source and emission depends 

on time at large diameter . The high pressure re lease grows very rap id ly 

at f i r s t , then slows down because of d i l u t i o n with a i r . 

Q/C I n i t i a l r e l ea se of a l iquid hydrocarbon i s denser than a i r - w i l l tend 

t o form pancake c loud so t h i s i s probably the way large r e l eases would 

burn in p r a c t i c e . 

R/A Only evidence of f i r e b a l l s in p rac t i ce i s a B.L.E.V.E. The pancake cloud 

i s more re levant but f i r s t we need to know more about the simpler case . 

Q/C (A. Mitcheson) Does the f i r e b a l l d i ame te r vary with the method of 

r e l ea se - as does the burning time? 

R/A No - t h i s i s p red ic tab le from thermodynamics. 

PAPER 8 ( I . S w i n d e l l s , P . F . Nolan and D.B. P r a t t ) 

Safety aspects of the s torage of heated bitumen 

Q/C (R.L. Rogers) R e s u l t s for a u t o - i g n i t i o n a r i s e for small s ca l e t e s t s -

what i s effect of sca le -up on ign i t ion temperature of coke- l ike depos i t s 

because of se l f -hea t ing? 

R/A No evidence found of s e l f -hea t ing at lower temperature . 
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Q/C Presumably you were looking for s e l f - h e a t i n g below ign i t i on temp? 

R/A Yes, we use DTA and DFC to look for exo the rmic r e a c t i o n s - employing 

s t a n d a r d t e s t s and temps , p o s s i b l e w i t h i n bitumen s torage t anks . No 

weight loss was found below 200°C, 25°C was needed to ge t any weight 

loss and much higher to de tec t exotherms. 

Q/C ( T . J . Dye) I n s t a l l a t i o n s you reported used hot o i l hea t ing , o thers use 

steam. Is there any c o r r e l a t i o n between f i r e i n c i d e n t s and method of 

heat ing? 

R/A Experience i s tha t steam i s less of a problem than o i l , d i r e c t f i r ed , or 

e l e c t r i c - i f ava i l ab le on s i t e . F i r e s have occur red due t o h e a t i n g 

be ing l e f t on a f t e r drain-down ; p a r t i c u l a r l y with mobile t anks . Even 

steam can cause b o i l - o v e r . 

Q/C ( J . H . Burgoyne) By ana logy with l a g g i n g f i r e s , s e l f - h e a t i n g and 

i gn i t i on of deposi t s are l i k e l y to be favoured by a d s o r p t i o n of l e s s 

v o l a t i l e , higher molecular weight components - less l i ke ly to be dr iven 

off and more e a s i l y ox id i sed . Since spec ia l combination of c o n d i t i o n s 

i s requi red , ac tua l occurrences may be r a r e . 

R/A Mass s p e c t r o m e t e r , G.C. a n a l y s i s has shown C. hydrocarbons have been 

found in the r e s i d u e s . 

Again s t r e s s e d the r e l a t i v e l y rare occurrence of a l l fac tors to favour 

i g n i t i o n . 

Q/C (D. Nap ie r ) Quoted a blown bi tumen tank t h a t "went over t h e t o p " 

p a r t i a l l y removing i n su l a t i on and leaving some i n s u l a t i o n impregnated 

wi th b i t u m e n . Four hours a f t e r t h e f i r e had been extinguished t h i s 

r e - i g n i t e d ! 

PAPER 9 ( J . F . Siddle) 

Fire hazards of flammable l iqu ids in p l a s t i c conta iners 

Q/C (A. Jones ) Did you i n v e s t i g a t e t h e b u r s t i n g p r e s s u r e of individual 

con ta ine r s of flammable l i q u i d s . 
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R/A No but U.S. Coastguard a u t h o r i t i e s have made t e s t s because they are very 

concerned about BLEVE's. With p l a s t i c c o n t a i n e r s , t hey f a i l v e r y 

q u i c k l y so you d o n ' t ge t a BLEVE but you may lose a s p r i n k l e r - f i t t e d 

bu i ld ing . 

Q/C Did you measure r a d i a t i o n leve ls from the f i res? 

R/A Yes, some values given in Appendix 2 - r a d i a n t hea t l e v e l s on t a r g e t 

surfaces were measured. 

Q/C (D.B. Pratt) (a) You seem to prefer indoor s torage of flammable l iqu ids 

in p l a s t i c con ta iners - i s t h i s so? (b) Do you recommend v e n t i l a t i o n in 

s t roage bui ld ings? 

R/A ( a ) Indoor s t o r a g e i s recommended where n e c e s s a r y for p ro t ec t ion of 

consumer products - otherwise outdoor (b) We recommend v e n t i l a t i o n for 

C la s s 1 l i q u i d s and where there i s dispensing of l i q u i d , with heavie r -

t h a n - a i r vapours, provide low level v e n t i l a t i o n . For Class 1A l i q u i d s , 

v e n t i l a t i o n i s not needed. 

Q/C When there i s a r i s k of leakage v e n t i l a t i o n i s needed. 

R/A With flammable l iqu ids we should e l iminate sources of i g n i t i o n , prevent 

s p i l l a g e and a l so provide a s p r i n k l e r . Generally experience i s good but 

ex t ra care i s needed with the most v o l a t i l e l i q u i d s . 

Q/C ( T . J . Dye) Would i t be b e t t e r to provide a primary means of ex t r ac t i on 

t r iggered by f i r e d e t e c t o r s with sp r ink l e r s (slow to ac t ) as s econda ry , 

a l so noting t h e i r inef fec t iveness shown in the video. 

R/A Depends upon the bu i l idng and loca t ion . Yes, provide a pr imar ly system 

in ca se s where for example t h e r i s k i s sur rounded by o t h e r p l a n t , 

backed-up by sp r ink l e r s to prevent sp read ing - they a re v e r y r e l i a b l e 

and cheap to opera te . 

Q/C The v i d e o showed a c a s e where t h e pool f i r e was not a f f e c t e d by 

sp r ink le r because of equipment f a l l i n g over . 
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R/A We are working on early repression, fast response sprinkler systems 

-difficulty in avoiding oversensitivity and storing so that fire is 

"seen" early. 

Q/C (K.N. Palmer) Once the fire is burning fiercely, all forms of exting­

uishing agents are pushed aside by the flame buoyancy. It's better to 

attack early whilst packaging is burning. Alternative is to use some 

independent detection system to cause sprinkler or other device to 

operate. 

R/A You could do that in a small warehouse. 

Q/C You must do it for a mixed warehouse containing different materials such 

as a D.I.Y store. 

R/A I think you have lost that building anyway because you have to cut off 

the deluge. 

Q/C (J. Moorhouse) (a) Is the flame from a large alcohol pool fire 

luminous? (b) Have you to be able to estimate the mass burning rate? 

R/A (b) I do not know - our work was done for another company and we do not 

have that information. (a) likely to be luminous often packaging, etc. 

burns. 

Q/C (M. Selway) Why do you not recommend the prohibition of storing Class 

I, II, IIIA products in plastic containers? 

R/A We are not in that position - can only warn clients of the risk if they 

do certain things. Industry wants to use the containers to save weight, 

etc. We need to find protective methods if possible and more knowledge 

is needed. 

Q/C (F. Millar) Please elaborate on your reference to U.S. Coast Guard 

interest in 200 1 plastic barrels. 

R/A They sponsored tests because one company wanted to use them - the C.G. 
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be ing ve ry worried about BLEVE's (see above) - most of t h e i r r i s k being 

ou ts ide (docks, e t c . ) . When we are th inking about conta iners burning in 

warehouses , you w i l l p robab ly lose the bui ld ing anyway and r e s u l t s of 

p l a s t i c c o n t a i n e r s ' f a i l u r e i s probably no worse than t h a t from meta l 

c o n t a i n e r s . 

Q/C (A. Jones ) Re t h e l a s t comments, we t e s t ed the effect of f i r e engulf-

ment of 210 1 s t e e l drums of acetone. Violent p r o j e c t i l e and f i r e b a l l 

combust ion r e s u l t e d - one drum r o c k e t i n g t o 130m and b u r s t i n g a t 

pressures up to 90 p s i g were measured . With blow-moulded p o l y t h e n e 

drums, c o n t a i n i n g acetone the drums melted, s p i l l i n g contents in to the 

f i r e with no evidence of p r o j e c t i l e s or f i r e b a l l s - b u r s t i n g p r e s s u r e s 

up to 1 psig were measured. 

R/A Agreed wi th c o n c l u s i o n s s ay ing tha t one would not be able to save the 

bu i ld ing . 

PAPER 10 (T .K . Wright and R .L . Rogers) 

Adiabatic Dewar ca lor imeter 

Q/C ( J . L . Cronin) Will you comment on contro l c h a r a c t e r i s t i c s ? 

R/A One of the best features - launched at low temp, and soon e q u i l i b r a t e s 

and then under good ad iaba t ic contro l giving a smooth curve. Drif t rate 

is 1-2 deg/day (but increased by s t i r r e r ) - hence good for low power 

ou tpu t s . 

Q/C (Chairman) Will you comment on the value of the Dewar operated without 

a constant temperature oven, compared with the ARC? 

R/A A 200ml Dewar in the a tmosphere can only s imi l a t e a 500/700 1 reac to r 

(heat loss 0.8 W/l deg) and not large s torage v e s s e l s . 

Q/C (N .J . Jones) (a ) Comment p l e a s e on use of Dewar for he te rogeneous 

systems? (b) Can the k ine t i c data be in t e rp re t ed for systems dominated 

by mass t ransfer e f fec t s? 

R/A ( a ) F i r s t , the need to a g i t a t e s o l i d / l i q u i d sys tems pu t s hea t i n . 
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Secondly , s econda ry e f f e c t s such as i n c r e a s i n g s o l u b i l i t y can , by 

increas ing concent ra t ion , give apparent ly d i f fe ren t a c t i v a t i o n e n e r g i e s 

and d i f f e r e n t chemical reac t ions may appear. One can examine a number 

of e f f e c t s . 

Q/C How then would you ex t r apo la t e the data for chemical engineering design? 

R/A Depending on data required may r e t r e a t t o i s o t h e r m a l hea t flow c a l o r -

ime t ry - for example when d e s i g n i n g c o o l i n g system for s emi -ba t ch 

add i t ion isothermal flow c a l o r i m e t r y would g ive an i s o t h e r m a l s imu­

l a t i o n . We are s imulat ing what wil l happen on the plant sca le with the 

ad iaba t ic Dewar 

Q/C ( B . J . Thomson) Can you give an idea of cos t s (a) for s e t t i n g - u p from 

s c r a t c h , (b) for further study for plant condi t ions? 

R/A This was i n - h o u s e c o n s t r u c t e d equipment. Dewar vesse l s in g lass or SS 

are r e ad i l y a v a i l a b l e . Control is affected by a computer system which 

performs many other du t i e s and i s not l imi ted to t h i s work. 

Q/C (R.L. Rogers) Using a standard g lass Dewar, fan ag i t a t ed oven and the 

analogue contro l system described in the paper the c o s t i s £1000-2000. 

This wi l l provide decomposition onset temp, r e l a t ed to plant s c a l e . 

Q/C (G.A. White) Was any work done on effect of a g i t a t o r speed? 

R/A We normally use low speeds - eg. 200 R.P.M. t o keep s o l i d s suspended . 

High speeds with the Si lverson wil l e a s i l y bo i l water . 

Q/C ( R . J . Granv i l l e ) Low v a l u e s of ^ can be o b t a i n e d u s i n g t h e ARC 

- p o s s i b l e to match the value of the ad iaba t i c Dewar wi th a 5g t i t a n i u m 

bomb i t i s p o s s i b l e t o ge t s i m i l a r f v a l u e s with a maximum operat ing 

pressure of 500-600 ps ig . 

R/A We would pre-screen and those tha t would " f r igh ten" us would not be done 

in the Dewar - looking for systems t h a t would not produce more t han 

200-300 ps ig . 
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Q/C (C.H. S t e e l e ) To what e x t e n t does i s o t h e r m a l hea t flow calor imetry 

supplement ad iaba t ic Dewar calorimetry? 

R/A They are doing d i f f e r en t j o b s . Isothermal i s s imulat ing the normal plant 

process , giving power output p r o f i l e s e n a b l i n g d i a g n o s i s of i n d u c t i o n 

p e r i o d s , accumula t ion and power o u t p u t r e l a t e d to cooling capac i ty . 

Adiabatic Dewar i s r e a l l y for s t a b i l i t y but w i l l g ive i n f o r m a t i o n on 

normal chemistry. 

You cannot do in Dewar what you can in heat flow calor imeter - even tua l ly 

you want to s i m u l a t e . The two a r e t o some e x t e n t complementary . 

A d i a b a t i c scans a c r o s s the temp, range giving effect of temperature as 

well as concen t ra t ion . 

Q/C (R .J . Granvil le) Is the heat ing contro l (Adiabatic Dewar) ramp control 

or step-wise? 

R/A Sc reen ing t e s t determines the launch temp, and gives a feel for how the 

t e s t should be done - e i t h e r way. In te rna l heater may a l s o be used to 

r a i s e temp, to s t a r t i n g po in t . 

Q/C ( J . L . Cronin) (a) Are the "na tura l heat loss" values based on r eac to r s 

f u l l of water and would s i g n i f i c a n t v a r i a t i o n occur wi th o r g a n i c 

m a t e r i a l s ? (b) Are t h e r e s p u r i o u s v a r i a t i o n s in hea t genera t ion in 

ea r ly s tages of a runaway? 

R/A Yes, works v e s s e l s were f i l l e d and cooled from about 90° to 70° i e . a 

temp, d i f ference of about 60°. We have no s imi la r data for organics but 

O.H.T.C. data for jacket -cooled reac to rs is ava i l ab l e . 

(b) There are none. 

The following wr i t t en con t r ibu t ion was presented . 

F. Mil lar, Environmental Policy Institute, Washington, D.C., USA 

The s t a t e of major hazard regu la t ion in the U.S. 

Good morn ing . I a p p r e c i a t e Dr. Greenwood's kind i n v i t a t i o n to 

p a r t i c i p a t e in your symposium, and I only r e g r e t t h a t no American 

chemical e n g i n e e r s have come to l e a r n from your s e s s i o n s . We in the 
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U.S. a r e a t a more p r i m i t i v e s t a g e of r e g u l a t i o n of major chemical 

hazards than you are here , p a r t l y because of the impetus a f fo rded your 

e f fo r t s by the Flixborough explosion in 1974. We therefore have much to 

learn about the s t a t e - o f - t h e - a r t in hazard assessment and c o n t r o l as 

wel l as pub l ic sec tor involvement in mandating and encouraging chemical 

s a f e t y . I apprec ia te t h i s o p p o r t u n i t y to meet you concerned e x p e r t s 

from indus t ry and academia in the UK. 

I have j u s t had the good fo r tune of mee t ing in Holland wi th chemical 

sa fe ty exper ts from indus t ry , research bodies l ike TNO, and na t iona l and 

local government. Some of these were c o n t a c t s sugges ted by Dr. Roger 

B a t s t o n e of the World Bank in Washington, whose chemical sa fe ty program 

has been an impor t an t model for US. p o l i c y m a k e r s . I wold l i k e t o 

mention here a l so tha t my attendance at t h i s meeting would not have been 

poss ib le without the support of the German Marshall Fund of the United 

S t a t e s . 

U n t i l r e c e n t l y cons ide red a "safe" indus t ry and allowed to set i t s own 

safe ty s tandards , the U.S. chemical indus t ry now faces the p r o s p e c t of 

new r e g u l a t i o n by s t a t e s , c i t i e s , and t h e f e d e r a l government . New 

Jersey and Los Angeles a l r e a d y have new l a w s : s t a t e l e g i s l a t u r e s in 

C a l i f o r n i a and New York S t a t e a r e c o n s i d e r i n g s i m i l a r b i l l s t h i s 

s e s s ion . The i n d u s t r y ' s sa fe ty s t r u c t u r e s have been undermined by h t e 

p r e s s u r e s of f i e r c e competition and cr ippled by the l i a b i l i t y fears of 

company lawyers. The new government r o l e in p r e v e n t i o n of chemical 

a c c i d e n t s is based on a widespread loss of confidence in the i n d u s t r y ' s 

a b i l i t y t o a s s e s s the r i s k s of u l t r a h a z a r d o u s c h e m i c a l s , t o l e a r n 

e s s e n t i a l s a f e t y l e s s i o n s from past acc iden ts , and to implement s t a t e -

o f - t h e - a r t r i s k reduct ion technologies in a timely fashion. 

Chemical companies worldwide and a newly a t t e n t i v e public are haunted by 

someone who is g e t t i n g to be a stock c h a r a c t e r in the news media : the 

a s h e n - f a c e d manager shaking h i s head in d i s b e l i e f and g r ie f at the s i t e 

of h i s d i s a s t e r . One of the most po ignan t and v i s u a l l y d r a m a t i c 

e p i s o d e s was the B r i t i s h t e l e v i s i o n in terview with the manager of the 

Flixborough, England NYPRO (U.K.) Ltd. petrochemical plant tha t exploded 

in 1974 in a b l a s t heard 30 miles away, k i l l i n g 29 workers and l eve l l i ng 

every bui ld ing on the s i t e : "There was never the s l i g h t e s t s u s p i c i o n in 
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t h e minds of a l l t h e s a f e t y poeple t h a t something l i k e t h i s could 

h a p p e n . . . . See that rubble over there? That was my o f f i c e , t h e c l o s e s t 

one t o t h e p l a n t . Our plans in case of a toxic emergency ca l led for us 

a l l to gather there and count noses before e v a c u a t i o n . I f we had, we 

would a l l be dead". Short ly before t h i s accident , caused by a hasty and 

c a r e l e s s m o d i f i c a t i o n t o the p l a n t , the B r i t i s h Hea l th and S a f e t y 

Inspec to ra te o f f i c i a l s had d i r e c t l y to ld the company to i n s t a l l s h a t t e r ­

proof windows in the p l a n t ' s control room. 

O n - s i t e workers are at g r ea t e s t r i s k when the managers and opera tors of 

the ul t rahazardous chemical f a c i l i t i e s a re complacent or i l l - t r a i n e d , 

and when government r egu la to r s are so g l a r i n g l y inadequate to assess and 

deal with the r i s k s . Community r e s i d e n t s nea r chemical p l a n t s a r e 

i n c r e a s i n g l y wor r i ed about t h e d i s a s t e r p o t e n t i a l s demons t ra ted in 

la te-1984 accidents such as the Union Carbide toxic cloud r e l e a s e which 

k i l l e d 2500 a t Bhopal, India and the Mexico City l i q u i f i e d - g a s s torage 

tank explosion which k i l l e d 450. 

Chemical a c c i d e n t s a r e g e t t i n g more dangerous every year . Since the 

1974 Flixborough explosion, the chemical indus t ry worldwide has suffered 

60 d i s a s t r o u s a c c i d e n t s with p r o p e r t y damage losses of more than $10 

m i l l i o n each. Every decade of chemical plant operat ion shows a doubling 

of the number of such huge a c c i d e n t s : in 1979 and 1980 there were ten 

such accidents each year . The accidents are a l so g e t t i n g much b i g g e r . 

Of t h e f ive b ig a c c i d e n t s in 1984, the average losses were {553 mi l l ion 

in each. Increased losses are pa r t ly due to b i g g e r chemical v a t s and 

s t o r a g e t a n k s . The s i z e of some s t o r a g e t anks has i n c r e a s e d from 

100,000 to 1 ,500,000 b a r r e l s . When a tank ove r f lows or a p i p e l i n e 

breaks , the quan t i ty of hazardous product re leased can be tremendous. 

In 1984 p r o p e r t y damage c o n s u l t a n t s Marsh & McLennan added s e v e r a l 

r e c o r d - b r e a k i n g f i r e s and explosions to the l i s t of 100 worst chemical 

plant accidents in the l as t 30 y e a r s , i n c l u d i n g the most d e s t r u c t i v e 

r e f i n e r y f i r e , t h e l a r g e s t n a t u r a l gas processing plant f i r e , and the 

$50 m i l l i o n Mexico C i ty LNG t e r m i n a l tank farm e x p l o s i o n and f i r e . 

Vapour c louds which d r i f t e d with the wind and l a t e r i g n i t e d caused 

one- th i rd of the accidents and the most devas ta t ing property l o s s e s . 
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By s h e e r luck in r ecen t years the U.S. has been spared large losses of 

l i f e from s imi la r chemical accidents of awesome p r o p o r t i o n s . In 1970, 

for example, a vapour cloud from a broken propane p ipe l ine f i l l e d a 

ten-acre va l l ey near Port Hudson, Missouri , and then exploded with t h e 

fo rce of 50 tons of TNT, damaging bui ld ings five miles away. Four farm 

famil ies had fled in t e r r o r from the leak. Twenty minu tes l a t e r , they 

w i t n e s s e s from t h e i r ca rs the ensuing f i res torm. If a s imi l a r accident 

had occurred in a populated area, any such e f f e c t i v e e v a c u a t i o n would 

have been extremely un l ike ly . 

A key quest ion for the new government cop on the chemical sa fe ty beat i s 

whether chemical company management p r e s s u r e s for mee t ing t i g h t 

p r o d u c t i o n s c h e d u l e s a r e too many t imes o v e r r i d i n g s e r i o u s s a f e t y 

concerns and c u t t i n g short e s s e n t i a l hazard assessments. How o f t e n a r e 

chemica l s a f e t y eng inee r s to ld , l ike the Morton Thiokol o f f i c i a l under 

pressure to approve the NASA s h u t t l e launch d e c i s i o n , "Take off your 

e n g i n e e r h a t and put on your management hat"? The highly v i s i b l e NASA 

program was a d m i t t e d l y not u s ing the most r i g o r o u s r i s k a s sessmen t 

method which was a v a i l a b l e to the agency (see NEW YORK TIMES, FEBRUARY 

5, 1986, "NASA'S RISK ASSESSMENT ISN'T MOST RIGOROUS METHOD") because i t 

was "such a very e x t e n s i v e and time-consuming a p p l i c a t i o n " . Chemical 

indus t ry managers are faced with very s imi la r c o s t - r i s k d e c i s i o n s eve ry 

d a y . P u b l i c o f f i c i a l s are i n t en t upon pu t t ing a regula tory floor under 

chemical plant p r ac t i c e s and l imi t ing the d i s c r e t i o n of company managers 

to discount the r i s k s . 

The U.S . chemical i n d u s t r y has c o n s t a n t l y t o u t e d i t s worker safe ty 

record as evidence of how safety-concious the companies a r e . Now some 

inves t i ga t i ons by the U.S. Occupational Safety and Health Administrat ion 

have revealed tha t some companies with the most e f fec t ive s a f e t y p u b l i c 

r e l a t i o n s e f f o r t s ( S h e l l , Union Carb ide ) have been not r e p o r t i n g 

workers ' acc iden t s , in v i o l a t i o n of law. 

Even more ominous than the sloppy chemical management p r a c t i c e revealed 

at accidents l ike Flixborough and Bhopal i s mounting e v i d e n c e of the 

s e r i o u s flaws in t h e d e s i g n of e s s e n t i a l safety features in the most 

hazardous f a c i l i t i e s . In 1981, for example , a Farmlands I n d u s t r i e s 

s t o r a g e tank vented in to the countryside - as i t was designed to do - a 
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s tagger ing 40 tons of deadly ammonia through i t s emergency r e l i e f va lve . 

Reportedly hundreds of U.S. chemical p l a n t s l i k e w i s e vent d i r e c t l y t o 

the surrounding community instead of having back-up overflow tanks . 

Chemical sa fe ty researchers r ecen t ly concluded a ten-year , $1.6 m i l l i o n 

s t u d y (Design I n s t i t u t e for Emergency R e l i e f Systems, or DIERS) of 

emergency r e l i e f sys tems t h a t r e v e a l e d s e v e r a l a r e a s of d e s i g n 

d e f i c i e n c y . According to Dr. Ian Swift, co-chai r of the DIERS e f f o r t : 

" I t i s conceivable that many ex i s t i ng r e l i e f systems may not be adequate 

for a worst case ( a c c i d e n t ) . . . and are most l i ke ly gross ly u n d e r s i z e d . . . 

(Safer new) technology has not been widely d i s s e m i n a t e d " . A European 

a n a l y s t ( H a a s t r u p ) says t h a t f u l l y 25£ of 860 major chemica l plant 

accidents surveyed worldwide have been caused by design d e f i c i e n c i e s . 

Government could s tay out of the chemical plant safety business only i f 

chemical companies could argue tha t t h e r e i s a c r e d i b l e and e f f e c t i v e 

p r o f e s s i o n a l s a f e t y s t r u c t u r e in t h e i n d u s t r y . I n s t e a d , t h e r e i s 

d i s a r r a y . 

According to a Monsanto study published in an academic jou rna l , 

Management Science, in April 1984, chemical companies make only " l imi ted 

a p p l i c a t i o n s of r i s k assessment techniques . . . E x p e r t i s e in r i s k a s s e s s ­

ment of chemical p l a n t s i s l i m i t e d to a few c o n s u l t i n g f i rms and 

chemical compan ie s " . Complacency with outmoded r i s k ana lys i s methods 

and a lack of consensus on a c c e p t a b l e l e v e l s of haza rd p l ague t h e 

indus t ry . 

Chemical e n g i n e e r i n g g r a d u a t e s joke t h a t in t h e i r g r a d u a t e 

t r a i n i n g there i s "as much emphasis on hazard assessment as on e t h i c s : 

ze ro" . 

There i s no i n d u s t r y - w i d e agreement on s e v e r a l bas ic safety 

standards and on e s s e n t i a l methods of r i s k r e d u c t i o n . I f the medica l 

p r o f e s s i o n demanded to be s e l f - r e g u l a t d but admi t t ed t h a t i t knew 

nothing about the chemical composition of blood, we would no doubt term 

t h a t "voodoo" m e d i c i n e . Yet cons ider tha t the chemical indus t ry lacks 

e s s e n t i a l s c i e n t i f i c and p r a c t i c a l knowledge of the u l t r a h a z a r d o u s 

m a t e r i a l s and p r o c e s s e s they handle . I t does not know how to charac-
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t e r i z e runaway r e a c t i o n s or t o choose t h e cor rec t s i ze for emergency 

r e l i e f va lves . Exis t ing nat ional codes in the U.S. - for example, the 

N a t i o n a l F i r e P r o t e c t i o n Associat ion codes - are voluntary , incomplete 

and admit tedly minimal. The b e t t e r companies use safety measures that go 

fa r beyond the codes o t h e r companies h a n d l i n g t h e same dangerous 

chemicals are free to use varying leve ls of s a fe ty . 

' The i n s u r a n c e i ndus t ry i s not adequately assess ing r i s k s , much 

l e s s exer t ing s u f f i c i e n t pressure to prevent se r ious a c c i d e n t s . On t h e 

c o n t r a r y , t h e i n d u s t r y has badly miscalcula ted r i sk s in recent years , 

and paid out huge se t t lements in major chemical acc iden t s . So premiums 

have been ra ised dramat ica l ly and coverage cancelled for some companies 

handling u l t rahazardous chemicals . 

° The chemical s a f e t y e n g i n e e r s in Company XXX canno t l e a r n 

e s s e n t i a l l e s s o n s from s e r i o u s a c c i d e n t s at Company ZZZ's chemical 

p l a n t s because a c c i d e n t d e t a i l s a re kept s e c r e t by Company ZZZ's 

laywers, fearful of l i a b i l i t y c la ims. For one example, indus t ry repor t s 

say t h e cause of the $111 mi l l ion r e f ine ry tank farm f i r e in 1981 "has 

not been d i s c l o s e d " . Chemical company lawyers n a t u r a l l y want t o 

wi thho ld i n f o r m a t i o n from compet ing companies on t h e i r s p e c i a l 

p rocesses . 

In t h e Spr ing 1986 mee t ing of the American I n s t i t u t e of Chemical 

Engineers in New O r l e a n s , t h e l a s t s e s s i o n was t o i n c l u d e paper s on 

"Acc iden t Case H i s t o r i e s an Miscellaneous Topics" . The chairman of the 

sess ion introduced i t by compla in ing t h a t only m i s c e l l a n e o u s t o p i c s 

paper s would be p re sen t ed , because none of the a t tending engineers had 

submitted any accident case h i s t o r i e s . He surmised tha t t h i s was due to 

warnings from i n d u s t r y lawyers about l i a b i l i t y concerns, and lamented 

tha t the flow of information about a c c i d e n t s and t h e i r cause had thus 

been so obviously choked off. 

Only a s t r o n g preventa t ive regu la to ry ro le by government, i t seems, can 

ensure an adequate flow of "lessons l e a r n e d " i n f o r m a t i o n from s e r i o u s 

chemica l p l a n t a c c i d e n t s , a function only an underfunded U.S. National 

T r a n s p o r t a t i o n S a f e t y Board performs in the a r ea of t r a n s p o r t a t i o n 

acc iden t s . 
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The U.S. federal government i s only beginning t h i s year to inspect a few 

chemical p l a n t s . There are c u r r e n t l y almost no f e d e r a l or s t a t e 

s t a n d a r d s govern ing chemical plant s a f e t y . New laws wi l l be necessary 

before many U.S. public o f f i c i a l s even think they have the a u t h o r i t y to 

f ind out what l e v e l of s a f e t y e x i s t s a t chemical f a c i l i t i e s in t h e i r 

communities. 

The U.S . Environmental Protec t ion Agency's f i r s t comparison of chemical 

p lan t p r a c t i c e s at All ied Chemical 's South Works p l a n t in Baton Rouge 

- t h e p l a n t uses e x t r e m e l y t o x i c hydrogen f l u o r i d e and had a re lease 

"beyond the fencel ine" on July 5, 1985 - with another company's s i m i l a r 

p l a n t has a l r e a d y shown what an i n i t i a l ro le government can play: in 

severa l a r e a s , A l l i e d ' s p r a c t i c e s need to be " r a t c h e t e d up" t o t h e 

higher ava i l ab le s tandards of safety p rac t i ce used by t h e i r compet i tors . 

New J e r s e y s t a t e r e g u l a t o r s from the Department of Env i ronmenta l 

P r o t e c t i o n , b e g i n n i n g t o implement t h e i r brand-new 'Toxic Catastrophe 

Prevention Act ' , are s i m i l a r l y beginning to "grade chemical p l a n t s on a 

c u r v e " . Local o f f i c i a l s i n t h e South Coast Air Q u a l i t y Management 

D i s t r i c t in the Los Angeles area did o n - s i t e audi t s of 19 companies and 

found s e r i o u s problems involving lack of dikes for s torage tanks , lack 

of adequate backup systems, and the " d i s t i n c t p o s s i b i l i t y " of d e a t h s 

from t o x i c e m i s s i o n s w i t h i n a two-mi le r a d i u s from some chemica l 

f a c i l i t i e s and t r a n s p o r t a t i o n c o r r i d o r s . Such i n v e s t i g a t i o n s are 

showing t h a t some e x i s t i n g f a c i l i t i e s need extensive r e t r o f i t t i n g with 

s t a t e - o f - t h e - a r t sa fe ty features in order to pose an acceptable level of 

r i s k t o s u r r o u n d i n g communities. Any sens ib le regula tory program wi l l 

as usual involve assess ing permit fees on the i n d u s t r i e s whose r i s k s 

make necessary the public r egu l a t i on . 

American policymakers ' awareness of how to p r even t a c u t e l y haza rdous 

chemical acc idents i s being increas ingly influenced by the experience of 

European nat ions and i n t e r n a t i o n a l agencies which has taken a head s t a r t 

in a d o p t i n g a s t r o n g r e g u l a t o r y p o s t u r e , mandated by t h e European 

Community's 1982 Seveso D i r e c t i v e . A new and s t r i n g e n t program for 

chemical r i s k r e d u c t i o n and accident prevention is in operat ion at the 

World Bank 's Of f i ce of Envi ronmenta l and S c i e n t i f i c A f f a i r s in 

Washington, D . C . The newly a v a i l a b l e World Bank Manual for hazard 
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asessment i s p r o v i d i n g an important and workable model for U.S. public 

o f f i c i a l s faced with the post-Bhopal "Can i t happen here?" conce rns of 

many c i t i z e n s . If the World Bank can e s t a b l i s h an aggress ive , low-cost 

program for r egu la t ing the chemical companies on acute chemical hazards , 

i t seems l i k e l y t h a t p u b l i c o f f i c i a l s in h i g h - r i s k s t a t e s l i k e 

Cal i forn ia , New York, Texas and I l l i n o i s w i l l find i t t e c h n i c a l l y and 

p o l i t i c a l l y poss ib le t o do l ikewise . 

The U.S . has within l i v ing memory seen l a r g e - t o l l chemical ca tas t rophes 

in our c i t i e s , both in f ixed f a c i l i t i e s and in t r a n s p o r t a t i o n . For 

example , in 1944 a l i q u i f i e d - n a t u r a l gas tank exploded in Cleveland and 

the b l a s t and f i r e k i l l e d 131. The l a r g e s t U.S . chemical d i s a s t e r t o 

d a t e , in 1947, began as a t r a n s p o r a t ion acc ident , when a sh ip loaded 

with ammonium n i t r a t e f e r t i l i z e r blew up a t Texas C i t y , Texas , a p o r t 

town on Ga lves ton Bay, c a u s i n g a nearby Monsanto s t y r e n e p l a n t t o 

explode. Subsequent f i r e s the next day cause another n i t r a t e f r e i g h t e r 

to explode in the harbour. The t o l l : 576 dead, 2000 s e r i ous ly in jured . 

The U.S. EPA has reported that at l e a s t 6928 a c c i d e n t s o c c u r r e d in t h e 

U.S . with a c u t e l y t o x i c chemicals in the l a s t five years , k i l l i n g 135 

and in jur ing near ly 1500. These a c c i d e n t s cannot be blamed on s m a l l , 

u n d e r f i n a n c e d chemica l companies - f u l l y o n e - t h i r d of them were at 

f a c i l i t i e s operated by chemical g ian t s l i k e Dow, Dupont, and American 

Cyanimid. 

Many American c i t i e s have chemical p lan t s tha t produce, use and s to re 

t h e 403 chemica l s that U.S. EPA r e c e n t l y l i s t e d as a c u t e chemical 

h a z a r d s . T y p i c a l l y U.S . zoning laws have been l a x , so tha t in many 

urban a reas , dense r e s i d e n t i a l housing and shopping c e n t r e s have been 

al lowed to be b u i l t w i t h i n danger zones for toxic cloud r e l eases and 

explos ions . In 1985 EPA suggested tha t l o c a l i t i e s f ind out for them­

s e l v e s what chemical f a c i l i t i e s , including t r a n s p o r t a t i o n rou t e s , put 

t h e i r p o p u l a t i o n s a t r i s k in c a s e of sudden r e l e a s e s . The EPA's 

sugges t ed methodology r e v e a l s t h a t i t would t a k e only 2.5 pounds of 

ch lor ine or 6.5 ounces of phosgene - and comparably smal l amounts of 

many other chemicals - to harm people ove the fence 200 feet away. 

As peop le o u t s i d e the chemica l i n d u s t r y l e a r n more about what i s 
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s t a t e - o f - t h e - a r t p rac t i ce ins ide the fence, there should be a voluntary 

" r a t che t ing" effect - the most lax companies wi l l h a s t i l y improve t h e i r 

equipment and p r a c t i c e s , pushed by t h e c h i l l b reeze of l a i b i l i t y 

t h r e a t s , L i a b i l i t y c o u r t s have he ld t h a t t h e p r a c t i c e of a s i n g l e 

company may be c o n s i d e r e d ev idence of what ought to be done, in t h i s 

case , in handling inheren t ly dangerous chemicals . Thus the U.S . Court 

of Appeals, in an opinion wr i t ten by Judge Learned Hand: 

" Indeed in most c a s e s r e a s o n a b l e prudence i s i n f a c t common 

prudence but s t r i c t l y speaking i t i s never i t s measure: a whole c a l l i n g 

may have unduly lagged in the adoption of new and ava i l ab le d e v i c e s . . . . 

Cour ts must in the end say what i s r equ i red : there are precaut ions so 

imperative tha t even t h e i r u n i v e r s a l d i s r e g a r d w i l l not excuse t h e i r 

o m i s s i o n . . . . " 
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SESSION 2 (P.M. Chairman: D.E. Williams) 

PAPER 11 (C.P. Cutler) 

Current techniques for the assessment of unstable substances 

Q/C (D.H. Napier) Does the E.E.C. test give a value for induction time and 

temperature? 

R/A No it does not. It is a dynamic test with increasing temperature 

-useful when comparing pure materials with contaminated materials. 

PAPER 12 (N.J. Jamea, J. Rutherford and G.T. Sheppard) 

Zircalloy hazards in nuclear fuel reprocessing 

Q/C (J.H. Burgoyne) Regarding the case for safety from dust explosion based 

either upon the ratio of inert (UO.) to zircalloy dust or upon the 

concentration of zircaloy dust being below the L.E.L., I would think the 

former to be the more reliable precaution. 

PAPER 13 (W.P. Crocker and D.H. Napier) 

Thermal radiation hazards of liquid pool fires and tank fires 

Q/C (J.A. Laming) Would you comment on the adequacy of the codes as a 

result of your analysis? 

R/A This work arose from discussion with a major H.P.I, contractor -showing 

confusion about which code to use: API, Factory Mutual, N.F.P.A. - no 

consistency. Disagreement appears between them for specific cases when 

spacing tanks (illustrated with examples). We concluded that the codes 

probably do not do the job - hence the investigation. 

Q/C (R.C. Gray) To what extent do the codes take into accont, for example, 

water deluge systems? 

R/A Credit is often given but we ignored this in the first instance - credit 

varies with the code chosen. 

Q/C (A. Mitcheson: written contribution) Regarding the recommended spacing 
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of s t o r a g e t a n k s , am s u r e t h a t t h e commit tees r e s p o n s i b l e for t h e 

various codes would claim the spacings t o be based on e x p e r i e n c e , ( a ) 

Can you c la im t h a t your computed r e s u l t s agree with da ta from large 

sca le t e s t s ? (b) An obvious weakness in the model is the use of average 

flame tempera ture and the r a t i o of output , radioact ive/combust ion. Can 

t h i s be improved? (c) Does the use of ave rage flame t e m p e r a t u r e make 

much di f ference to incident rad ia t ion? 

R/A Although ex i s t ing codes a r i s e from e x p e r i e n c e , the l ack of agreement 

amongst them g i v e s cause for concern ( v i d . Tables 15 and 16) . Models 

have not been e i t h e r fu l ly developed or ful ly v a l i d a t e d . 

The fou r th power dependency of thermal r a d i a t i o n upon T,, emphasses the 

impor tance of t h i s v a l u e . In view of t h e nature of the flame, T- i s 

usua l ly adequate. This may not be so at ground l e v e l and nea r t o the 

f l a m e . The PSM ( n r e f e r s ) i s of l i m i t e d va lue ( v i d . p l75) bu t i t 

provides an adequate es t imate in the far f i e ld based on T , . 

At t h i s junc ture the main requirements are for : 

i ) a more de t a i l ed model t ha t includes v a r i a t i o n in Tf and the 

e f fec t s of wind on combustions and of soot formation 

i i ) measurements of t e m p e r a t u r e p r o f i l e s and t h e i r v a r i a t i o n 

with time 

i i i ) v a l i d a t i o n of SFM (and of t h e advanced model from ( i ) ) 

against actual f i r e s . 

Q/C (I .W. Clark) ( a ) Have you considered any other flame length c o r r e l a ­

t ions? (b) Under what circumstances a re t h e quoted formulae v a l i d in 

terms of f i r e dimensions? 

R/A (a) No, we looked at Thomas and Heskestad (see Refs) (b) - b a s i c a l l y the 

luminous l eng th . Heskestad checked h i s c o r r e l a t i o n for a wider range of 

f u e l s . 

PAPER 14 (R.M.J. Withers and P .P . Lees ) 

Assessment of major hazards : factors a f fec t ing l e t h a l t o x i c i t y es t imates 
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and associa ted u n c e r t a i n t i e s 

Q/C (D.H. Napier) This i s v e r y useful work regarding i r r i t a n t s . Can the 

approach be extended to ma te r i a l s where the e f fec t s change with concen­

t r a t i o n , e g . raetthyl mercury in bread following treatment of the wheat 

g r a i n . 

R/A This may depend on whether t h e e f f e c t i s of c o n c e n t r a t i o n alone no 

concent ra t ion- t ime and may be r e l a t ed to metabolism - whether absorbed 

or e x c r e t e d . The body can often deal with toxins up to a l imi t - above 

which i t f a i l s completely. Considerat ion of e f fec t s of s o l i d s t aken in 

i s a l ready compared by medical t echniques . 

Q/C (D.A. Lihou) Will you comment on the e f f e c t of b r e a t h i n g r a t e s ? 

C h i l d r e n and e l d e r l y p e r o p l e p r o b a b l y have a lower r a t e bu t a r e 

c o n s i d e r e d at g rea te r r i s k . Also, the psychological e f fec t of fear can 

increase the ra te by 40^. 

R/A Whi l s t accept ing the point made, we have not taken the study far enough 

to add any more - genera l ly assume 24£ of p o p u l a t i o n t o be a t g r e a t e r 

r i s k . 

Q/C (N.J. James) (a) For r i s k assessment, the nuclear industry tends to use 

a fixed breathing r a t e - may e r e a l i s t i c s i n c e peop le c a n ' t see and 

r e a c t to r a d i o a c t i v e r e l e a s e (b) the delayed ( s t o c h a s t i c ) e f fec t s of 

small doses of po t en t i a l carcinogens could a l s o become s i g n i f i c a n t in 

the chemical indus t ry studying very small r e l e a s e s . 

R/A (a) During i n v e s t i g a t i o n s wide ly v a r y i n g i n h a l a t i o n r a t e s have been 

s t u d i e d . (b) Long-term e f f e c t s vary as shown by examples: CI . e i t h e r 

k i l l s or leaves l i t t l e permanent harm; Br leaves more permanent damage; 

HF i s worse s t i l l ; Methyl isocyanate i s c l e a r l y bad. Cl ? was chosen for 

i t s high t o x i c i t y , i n d u s t r i a l importance and to be s t u d i e d in terms of 

f a t a l i t i e s . 

Q/C (F . M i l l a r ) Fo l lowing Bhopal , the U.S . E .P .A. p rov ided a monogram 

(based on computer c a l c u l a t i o n s ) t o de t e rmine r i s k to communit ies a t 

s p e c i f i e d d i s t a n c e s from s p e c i f i e d r e l e a s e s , - eg. 2.51b CI or 6.5oz 
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phosgene at 200 m. Do you think th i s useful? 

R/A Usefulness of approach i s e n t i r e l y dependent on accu racy of t o x i c i t y 

data - eg. values from 2 sources for CI vary by an order of magnitude. 

Q/C (J.W. Curtis) You have defined a method for assessing the range for 50£ 

l e t h a l i t y for C I . . Could you compare t h i s d i s tance with tha t given for 

"consu l t a t ion and r a t i f i c a t i o n under CIMAH r e g u l a t i o n s (Major Hazard 

I n s t a l l a t i o n s ) - usua l ly 1000/1500m. 

R/A We have not ac tua l ly done t h a t . We have kept out of actual gas mode l s . 

Our model g iven a t t h e end makes assumptions about decay. We can see 

what can be got from consequence m o d e l l i n g and how i t can be used to 

assess s o c i e t a l r i s k with regard to physical event and injury models. 

SESSION 3 (A.M. Chairman: E . S . London) 

PAPER 15 (L.M. Rogers) 

The d e t e c t i o n and m o n i t o r i n g of c r a c k s in s t r u c t u r e s , process vesse ls 

and pipework by acoust ic emission 

Q/C (J.H. Burgoyne) Would you comment on use of acoust ic emission to detect 

and loca te points of d ischarge of h igh p r e s s u r e f l u i d s in v e s s e l and 

p ipe l ines through j o i n t s and seals? 

R/A This has i d e n t i f i e d a w e l l - e s t a b l i s h e d a p p l i c a t i o n now covered by 

s t a n d a r d s and g u i d e l i n e s - eg . European Working Group on Acous t i c 

Emission, A.S.T.M. Very small l e a k s t o produce high f requency sound 

s imi l a r t o micro-displacement processes such as growing c racks . Leaking 

gas i s d i f f i c u l t t o l o c a t e - can be d e t e c t e d over many m e t r e s -

p o s s i b i l i t i e s are being studied for offshore i n s t a l l a t i o n s and in France 

i t i s a s t a t u t o r y requirement for PWR's pr imary pipework. One cannot 

j u s t use s t a n d a r d equipment - much prel iminary work i s needed such as 

ident i fy ing the frequency p a t t e r n . This may need a r t i f i c i a l c rea t ing of 

leaks but there is a great po t en t i a l for the method. 

Q/C (R. Dooner) Acous t i c emission is often c r i t i c i s e d because if there i s 

no emission (say from a vesse l ) i t does not necessa r i ly mean no cracks -

was e s p e c i a l l y t rue in the ea r ly days . 
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R/A If you get a m i c r o - d i s p l a c e m e n t p roduc ing a s t r e s s wave i t w i l l be 

d e t e c t e d . I f , however, t h e r e i s p l a s t i c de fo rma t ion as in t e n s i l e 

s t r eng th t e s t i n g of d u c t i l e m a t e r i a l s emi s s ion w i l l not be d e t e c t e d 

u n t i l t h e piece f a l l s . B r i t t l e f rac ture modes of course wi l l produce a 

"big bang" with e a r l y warn ing . In s t r u c t u r a l s t e e l s m i c r o - c r a c k i n g 

a s s o c i a t e d with h e a t e f f e t s and t r i a x i a l s t r e s s e s in th ick walls are 

always de tec t ed . 

Q/C ( S . D . Brown) Are t h e advances in recognising c h a r a c t e r i s t i c data from 

very noisy data finding app l ica t ions in de t ec t ing f au l t s in b e a r i n g s of 

r o t a t i n g machinery? 

R/A Yes i s is genera l ly poss ib le to resolve the emission produced within the 

per imeter encompassing the a r r a y from o u t s i d e n o i s e . The system i s 

s e n s i t i v e to p a r t i c l e s of g r i t in hydraul ic systems, journal bearings 

and i t detected for example a f a i l u r e of a high t e n s i l e s tud h o l d i n g a 

specimen. 

Q/C (D.H. Napier) (a) What number and array of t ransducers are required for 

a complex s t e e l s t ruc tu re? (b) Noting tha t emission is detected several 

metres away, over what d i s tance would a p ipe l ine f luid leak be detected? 

R/A This r a i s e s a number of ques t ions . For a large s t r u c t u r e , the problem 

i s one of s a m p l i n g . In the example of the large ves se l , the Dept. of 

Energy s t i p u l a t e s a de t a i l ed inspect ion of 25 welds every 5 y e a r s - i e . 

a b r a n c h - t o - l e g weld of which there are 9 per mode and 256 modes. So 

the problem is one i n f i n i t e s s i m a l l y small sampling. Acous t i c emi s s ion 

could g ive lOx the coverage with a reasonable number of t r ansduce r s . A 

minimum of 3 t r a n s d u c e r s a re r e q u i r e d for t r i a n g u l a t i o n s and with 

complex f i l e t welds or box s t r u c t u r e s the t ransducers need very careful 

spacing. We avoid spacing of more than 3m or sound t r a v e l l i n g 3m to 

r each 3 t r a n s d u c e r s . With s l i g h t l y more advanced cracking, secondary 

emission a r i s e s from f r i c t i o n between two s u r f a c e s - hence emi s s ion 

l e v e l and number of f r e q u e n c i e s i nc rease . With cracking advancing to 

f rac t ions of a mm ra ther than grain s i z e , j u s t one t r a n s d u c e r per mode 

i s needed and in case of p i p e l i n e ( c o n t i n u o u s l y welded) 50 t o 100m 

d i s t ance i s p o s s i b l e . Equipment can receive s igna ls from 32 t ransducers 

and if 2 are h i t by the source l-3km could be monitored. 
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Q/C (R. Dooner) After installation of system, do you retain control or 

leave it to the operator? 

R/A You retain control - all support services retained onshore this 

influencing design. A very high level of data reduction and diagnostics 

are built in and artificial sounds have to be created for checking 

-black box, data logging, high intelligence, minimum supervision, linked 

to shore via satellite. The chief maintenance engineer on shore can 

call up any part at any time. 

Q/C (V. Sender) In aggressive environments (eg. pulp industry) plastic 

construction is used but plastics age and corrode creating hazards. Is 

acoustic emission applicable? 

R/A In reinforced plastics AE is used widely as they are intense emitters. 

But for plastics alone, totalising transducers are necessary to detect a 

wide range of effects whichare not strictly the type of emission arising 

from metal cracking. 

Q/C (R.C. Gray) Have you any experience of detecting ammonia-induced SCC 

growth to show when such cracks grow in the commissioning and day/night 

operation of ammonia storage spheres? 

R/A We have good experience of detecting nitrate-induced SCC in boiler plate 

steels - a very good process to study. 

Q/C It seems then that the technique would show when crack growth is taking 

place in ammonia spheres. (Agreed). 

PAPER 16 (A.S. Fulton and D.J. Barrett) 

PES - an opportunity for better safety systems 

Q/C (P. MacDonald) You mentioned an approaching common mode failure via a 

drifting voltage on a low voltage power supply. Please say how close 

the approach and how the problem was detected? 

R/A Problem occurred because of bad earthing on 24V supply external to the 

computer. A whole group of inputs went low and a series of alarms went 

off. Controls went out of the envelope of operation and the process 

shut down. 
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Q/C Did you expect tha t s i t u a t i o n ? 

R/A We i n v e s t i g a t e d t h e problem and c o r r e c t e d i t by b e t t e r i n s t a l l a t i o n 

p r a c t i c e so tha t i t cannot happen again - t h e f a u l t b e i n g e x t e r n a l t o 

the programmable system. 

Q/C (S .D . Brown) Exper ienced a s i m i l a r f a i l u r e with a Texas sytem where: 

(1) a l l ana logue s i g a n l s f a i l e d t o 3 0 | , (2) a l l s i g n a l s o s c i l l a t e d 

betwen closed and open. In both cases , s e l f d iagnos t ics fa i led to close 

down the system. 

R/A There i s a problem with Texas. We have a unit where we feed key outputs 

back to the input together with an ex te rna l t imer which "pu l l s the plug" 

i f t h e system f a i l s to r e c o g n i s e the f a u l t . I t r equ i res an input for 

every output tha t needs checking. 

Q/C ( P . Baybu t t ) Do you use faul t t o l e r a n t approaches now used in m i l i t a r y 

i n s t a l l a t i o n s ? 

R/A We use our own f a u l t t o l e r an t software - so that i f any software f a i l s 

the other one comes i n . This i s r e a l l y programming f a u l t t o l e r a n t 

system - a l s o t o l e r a t e s a processor faul t but not , obviously, an input 

f a u l t . 

Q/C (L.M. Rogers) Regard ing the measurement equipment r e l i a b i l i t y , the 

problem i s not one of d e t e c t i n g e r r o r and f a u l t c o n d i t i o n s us ing 

watchdog or s e l f - c h e c k r o u t i n e s but d e c i d i n g which of t h e s e f a u l t 

condi t ions are p o t e n t i a l l y fa ta l and should be brought to the o p e r a t o r ' s 

a t t e n t i o n , and t hose which can s imply be noted without a f fec t ing the 

process control or monitoring funtion of the equipment. 

R/A Commercial sys tems have been watchdog systems. If processor does not 

complete a l l t asks success fu l ly , the l a s t t h i n g i t does i s r e - s e t t h e 

watchdog t imer . If t h i s f a i l s , a l l the outputs are set to f a i l - s a f e . 

Q/C (J.M. Morgan) I'm not q u i t e so o p t i m i s t i c about computer (o r PES) 

c o n t r o l . Do you f ee l t h a t the major b e n e f i t i s t h a t the o p e r a t o r 

becomes more invo lved with the o p e r a t i o n by b e i n g p rov ided with 
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information on process t ransgress ions? He can thus take remedial ac t ion 

b e f o r e the p l a n t e n t e r s t r i p condi t ion - i e . i t provides b e t t e r alarm 

handling f a c i l i t i e s . 

R/A Yes we have put PES i n t o c l o s e d - l o o p sys tems where the opera tor was 

previously in the loop - thus freeing him from the s i t u a t i o n so he can 

think about the ope ra t ion . We also provide derived information. 

\ 
PAPER 17 (D .B . P r a t t ) 

The f i r e and explosion hazards of hydraul ic accumulators 

Q/C ( J .H . Burgoyne) What degree of compression of the enclosed a i r would 

take place during the normal functioning of the accumulator. 

R/A The amount of f l u i d involved i s smal l ( s a y ) 50 g a l . so the pressure 

change i s only a few p s i g - not enough to cause a d i a b a t i c h e a t i n g 

p a r t i c u l a r l y with the large heat s ink . 

Q/C The l a t t e r would not be s i g n i f i c a n t . 

Q/C (A. Mitcheson) A c o l l e a g u e who i n v e s t i g a t e d the Lakenby i n c i d e n t 

thought i t more l i k e l y t h a t a combust ion event o c c u r r e d i n s i d e the 

v e s s e l - some form of flame p r o p a g a t i o n process - r a the r than a pool 

f i r e , (a) Did you es t imate the ra te of volume i n c r e a s e due to a pool 

f i r e and compare i t with the r e l i e f valve capaci ty? (b) In such f i res 

genera l ly , how does one s i z e the r e l i e f valve? 

R/A The t h e o r e t i c a l r e l i e f r a t e was estimated but I have no d e t a i l s , i t is 

very d i f f i c u l t to c a l c u l a t e for a f i r e ins ide a vessel of tha t type -bad 

enough for a process v e s s e l . 

Q/C You a r e look ing at e i t h e r one of two d i f f e r e n t events : pool f i r e or 

flame propagation p rocess . The pool f i r e i s eas ie r to deal with. 

R/A U n l i k e l y any standard r e l i e f valve would be s a t i s f a c t o r y for the l a t t e r 

- many valves may be needed. A method may come from long term s t u d i e s . 

We p r e f e r t o look a t c o n t r o l r a t h e r t han m u l t i p l i c i t y of v a l u e s , 

poss ib ly i n e f f e c t i v e . 
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Q/C (R.C. Gray) In view of small change in level i s i t poss ib le to separa te 

the o i l from the a i r by a membrane? 

R/A Yes, a p o s s i b i l i t y for small vesse ls at l ea s t but the engineering of i t 

for l a r g e h igh p r e s s u r e v e s s e l s would be v e r y d i f f i c u l t . In some 

c y l i n d r i c a l v e s s e l s a p is ton can be used but there i s a d i f f i c u l t y due 

to l iquid ge t t i ng past i t . In our research i t i s too e a r l y to go down 

tha t road'. 

Q/C (R .J . Evans) A pool f i r e in these condi t ions i s d i f f e r en t from one in 

the open - by increas ing the pressure , the f i r e wil l s e l f - a c c e l e r a t e t o 

a ve ry h igh r a t e . Th i s i s the p o s s i b i l i t y that f u r t h e r h e a t i n g i s 

caused because the compressor keeps running. 

(Chairman) There was ev idence tha t hea t ing occurred for a measurable 

time before the b u r s t . 

R/A Yes t h i s is so. 

(Chairman) If there is a pool fire, what is the cause of pressure rise? 

R/A The products of combustion plus evaporation - agreed that this led to a 

3x increase. 

PAPER 18 (S.P. Whalley and J.K. Maund) 

Improving human reliability by design 

Q/C (B.W. Robinson) In hazard studies would use 2 extra words: for delay, 

"later than" and use "sooner than" to identify situations that may not 

otherwise be. 

R/A Yes, good! 

Q/C (D.A. Lihou) People a r e g e n e r a l l y using these terms now. There i s a 

danger of subjec t ive judgement in s e l e c t i n g P . S . F . ' s Guide, needs t o 

bring us to a concensus view. 

Q/C (K.R. Davies) Did you apply weighting factors? 
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R/A Attempts to apply weighting to the s i t u a t i o n - e g . type of i n d i d i v u a l 

r e s p o n s e e x p e c t e d ; e r r o r s l i k e l y . This produces a cascade e f f e c t 

through to the i n d i v i d u a l P . S . F . a s s o c i a t e d with o t h e r c a u s e s . One 

e r r o r causes a p a r t i c u l a r P .S.F. Look at those P . S . F . ' s coming upmost 

frequently and r e l a t e to each t a sk . This w i l l show which P . S . F . w i l l 

mostly con t r ibu te to the e r ro r in tha t s i t u a t i o n - then one can a l l o c a t e 

e f for t to get i t r i g h t . 

Q/C (M.C. Jones) (a ) I s there any experimental evidence r e l a t i n g P . S . F . ' s 

to performances? (b) How could data a c q u i s i t i o n be improved - e g . from 

plant records? 

R/A ( a ) Have not been a b l e to c o r r e l a t e r igorous ly but some have r e l a t ed , 

o thers only hypothes i s . We do need to go back to the l a b o r a t o r y for 

b a s i c r e s e a r c h . (b) More i n f o r m a t i o n r e l a t i n g to human performance 

needs t o be r eco rded in a s y s t e m a t i c way - as we do for equipment 

pe r fo rmance . In acc iden t repor t s there i s a l i s t of information about 

the accident circumstances but very l i t t l e about normal ope ra t ion . 

Q/C (G.B. Whyte) (a ) How can you b u i l d i n t o the equa t ions the person 's 

i n t e l l i gence? (b) If a PSF i s "wrong", how i s t h i s f a c t fed back i n t o 

the system? 

R/A ( a ) We need to s t r e s s t h e p o s i t i v e e f f e c t of a person ' s i n t e l l i gence 

r a t h e r than the n e g a t i v e (making m i s t a k e s ) . (b) We are t r y i n g to 

e s t a b l i s h a computer program tha t wi l l enable us to feed t h i s inform­

at ion back following the se t t i ng -up of a data base . 

Q/C (D.A. Lihou) Af te r examining a number of c a s e s I have i d e n t i f i e d 

e f f ec t s of poor management and of procedures which have been al lowed to 

s l i p so producing negative P . S . F . ' s - qui te unexpected at design s t age . 

I t i s important to h igh l igh t the impotance of these in the HRA. 

R/A So fa r we a r e look ing at f au l t s and accidents that have occurred. The 

purpose i s t o i d e n t i f y P . S . F . ' s t h a t can be t aken i n t o account at 

d e s i g n . A P .S .F . can be e i t h e r negative or pos i t i ve provided we design 

so tha t i t wi l l have no effect or l eas t a p o s i t i v e e f f e c t . 
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Q/C (H. Farari ) I b e l i e v e tha t P . S . F . ' s should be divided into design and 

opera t ion sec t ions - i t i s dangerous to gene ra l i s e them. 

Q/C ( P . Baybutt) ( a ) Many fac tors affect P . S . F . ' s ; what u n c e r t a i n t i e s are 

handled by HRA? (b) What about cogni t ive modelling? (c) Can you comment 

on the pos i t ive ro le of operators? 

R/A (a) I am t r y i n g to g i v e guidance t o d e s i g n e r s so a d i f f e ren t use of 

P .S .F . than human e r r o r . What aspects can have an e f f e c t on per form­

ance? How people tend to make the same so r t of e r ro r when in the same 

s i t u a t i o n . I t r y t o l ink fact ions back to human e r ro r to analyse "what 

would you expect to happen?, does i t m a t t e r ? " (b) I f i t i s an e r r o r , 

can i t be l i nked back to c e r t a i n c a u s e s . Th i s i s not t r a d i t i o n a l 

cogni t ive modelling but an attempt to introduce the idea that the way we 

look a t t h i n g s has an e f f e c t on our a c t i o n s . When we work up to 

judgement processes we are in the cogni t ive modelling area . (c) Yes, we 

do need to look more at the p o s i t i v e ro le but so far have looked mainly 

at the negat ive . This br ings in the psychologist (which I am n o t ) . 

Q/C (K.R. Davies) I b e l i e v e t h a t the main problems a f f e c t i n g human 

r e l i a b i l i t y are ou ts ide factors ( eg . domest ic c i r c u m s t a n c e s ) . Did you 

iden t i fy P . S . F . ' s as the major factor r e l a t i n g to human r e l i a b i l i t y from 

the A l b r i g h t ' s accident data? 

R/A Without commenting on A l b r i g h t ' s da ta , I agree that outs ide fac tors are 

important . Whilst I have been looking at factors that can affe t design, 

I see the outs ide factors as a managerial problem. People who have had 

a bad day at home might well have to be re l ieved of c e r t a i n r e s p o n s i b ­

i l i t i e s when hazards are concerned. In fact some a i r l i n e opera tors are 

a l ready doing t h i s for t h e i r p i l o t s . 

Q/C (D.A. Lihou) I t i s o f t e n not so much the person but t h a t c e r t a i n 

management procedures have s l ipped . There i s a balance between pos i t i ve 

and n e g a t i v e P . S . F . ' s . Good d e s i g n w i l l increase the p o s i t i v e , poor 

management w i l l i n c r e a s e the n e g a t i v e - eg . a man repremanded for 

dangerous p rac t i ce s t a t ed that t h i s was normal p rac t i ce and examination 

showed the i n s t r u c t i o n t o t a l l y inadequate. We must ensure that pos i t i ve 

P . S . F . ' s r ight down the l ine (des ign-opera t ion) are appl ied . 
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Q/C (H. Farabi) The P . S . F . ' s must be r e l a t ed to the type of person who wil l 

operate the process . 

R/A That i s why i t i s impor tan t to look a t t o t a l plant systems including 

s e l e c t i o n p r o c e d u r e s - meaning t h a t , i f you have des igned for a 

p a r t i c u l a r s o r t of p e r s o n , chat s o r t must be used. If not poss ib le , 

r e - t h i n k the opera t ion - tha t i s the r e s p o n i b i l i t y of management. 

PAPER 19 (M.S. Jones and D.A. Lihou) 

CAFOS - the Computer Aid For Operabi l i ty Studies 

Q/C ( J .M. Morgan) Other programs have been developed to a u t o m a t i c a l l y 

c o n s t r u c t f a u l t t r e e s - eg . RIKKE ( R i s ^ , Denmark), FAULTFINDER 

(Loughborough U n i v e r s i t y ) . Main drawback i s t h e i r i n a b i l i t y to 

e f f ec t i ve ly deal with the two-way p r o p a g a t i o n of p r o c e s s d e v i a t i o n s . 

Can CAFOS deal with such events? 

R/A At p r e s e n t i t cannot do s o . We are grappling with the problem of the 

best r ep resen ta t ion of process i n f o r m a t i o n t o overcome the problem -

whether propagation i s forwards or backwards. 

Q/C (H. Farabi) ( a ) Why do you use codes (numbers) when you might find i t 

ea s i e r to use s t r i n g va r iab les? (b) Why did you choose the va lue ' 1 0 ' 

as a l imi t for your repeated events? 

R/A (b) ' 10 ' i s an a r b i t r a r y number. The computa t ions through the whole 

t r e e i s 2 where n = number of repeated events ( i e . 1024). If we took 

n = 15 many more computations are requi red . 

Q/C You could i n v e s t i g a t e whether t a k i n g ( say ) 5 or 15 would make any 

s i gn i f i c an t d i f ference to the r e s u l t . 

R/A ' 1 0 ' i s a number one would not l ike to exceed i f one i s to get computing 

e f f i c i ency . One could choose a value by o t h e r c r i t e r i a . ( a ) One can 

t r a n s l a t e from code at e i t h e r inpu t or ou tpu t and i t i s b e t t e r to 

compute in code and then change to the v a r i a b l e s from the H and 0 

s t u d i e s . 
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Q/C (Lihou) I t i s r e l a t i v e l y s imple t o have two t ab le s of codes: one as 

i n d i c a t e d in the paper and one r e l a t i n g to equ ipment . I t i s l e s s 

con fus ing and much q u i c k e r t o w r i t e down numbers r a the r than l e t t e r s 

-where one has t o choose which l e t t e r or combina t ion ot u s e . Much 

depends upon personal experience and the amount you use the system. 

Q/C ( S . D . Brown) How a r e f a i l u r e r a t e s ( e v e n t s / y e a r ) c o n v e r t e d to 

p r o b a b i l i t i e s for quan t i f i ca t i on of faul t t r e e s when using CAPOS? 

R/A The p r o b a b i l i t y of f a i l u r e i s r e l a t e d t o t h e t ime not working, i e . 

f r ac t i ona l dead t ime. There can only be one continuously opera t ing item 

coming in to an "AND GATE", the r e s t "AND GATES" must be f r a c t i o n a l dead 

t imes . 

Q/C Your t ime base may not keep chang ing , e g . a component with a f a i l u r e 

r a t e more than once per year, what would p r o b a b i l i t y be? 

R/A If f a i l u r e r a t e was say 5 per y e a r , t h e p r o b a b i l i t y of f a i l u r e i s 

100e" X t . 

PAPER 20 (P . Baybutt) 

Decision support systems and expert systems for r i sk and safe ty ana lys i s 

Q/C (J.M. Morgan) ( a ) Why did you choose IBM PC for developing CADET? (b) 

Was the software wr i t t en in-house or otherwise? 

R/A The IBM PC i s the s tandard PC in U.S. including APPLE and near ly every 

computer is IBM PC compatible - a l so adopted by B a t t e l l e , and NRC have 

fo rma l ly adopted i t . I t i s not an EXPERT s y s t e m . The program was 

wr i t t en in BASIC but we w i l l p robab ly r e - w r i t e in MODULAR 2 or C -

app l i ca t ion languages for PC. 

Q/C (H.F. Hopkins) The CADET system contains much information and incorpor­

a tes r e s u l t s of s tud ies and experience. What man ef for t was required to 

produce i t ? 
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R/A About 2 m a n - y e a r s . However i t s t a r t e d as a r e s e a r c h project - much 

e f f o r t going i n t o examining p o s s i b i l i t i e s and ways of do ing i t b e f o r e 

a c t u a l l y w r i t i n g i t . P robab ly 1 to 1.5 man-years went in to i t and a 

s imi la r program now, in a d i f fe ren t area , would require l e s s e f f o r t . 
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