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EXi'LOS!ON OF TRI-NITRo-TOLUOL AND AMMONIUM NITRATE AT FACTORY NO.7, KENT. 

.. 

Accident No. 110/1916. 

NO. CCXVII. 

REPORT 
to the 

RIGHT HONOURABLE THE SECRETARY OF STATE FOR THE HO!4E DEPARTMENT 

on the 

CIRCUMSTANCES ATTENDING THE EXPLOSION, WHIOH 

OCCURRED ON THE 2!ld ,APRIL. 1916, AT THE 

FACTORY OF THE EXPLOSIVES LOADING 

OOMPANY, LIMITED, AT UPLESS 

MARSHES, FAVERSHAM, IN 

THE COUNTY OF KENT 

by 

MAJOR A. COOPER-KEY. C.B. 

H.M. InSpector ef Explosives. 
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he Se cr et ary of State, 

Home Of fice. 

Sir, 

17th Apr i l , 1916. 

I have the honour to report ~htlt, in Il c.cordunce '.'IUh your Order dat ed 

April 3rd, 1916 (H.O. Papers 10~,1l8/l09) I hav e held an Inquiry into the 

cirCUi'nstances at1:.cnding the explosion whic h occurl' ed on SundRY 2nd insta nt 

at the :'acto~y of ' the Explos ives Loading Company Lit:lt cd, at Uplees Marshes, 

"':.: '. Faversham. 
", .. t(J . 

I 'fj~ .• , 

';11- By this explosion, the most disastrous in the history of my Department, 

2'-no · less than 106 persons were killed on the spot or died later from their . 
F 

~' injuries, and 97 were injured. Of those killed 20 were employees of the Ootton 

.. :::::)' Powder Company and 4 belonged to the military guard. 
:,... .. 

-," -Descript ion of the factory. 

The factory at which the aocident occurred wan established in 1912 under an 

Amending Licence granted to the Cotton Powder Company vrhose works bunediat ely 

adjoin. The original purpose for which the factory was erect ed wa~ t he 

compression of tri-nitro-toluol into charges for shells, torpedoe s and mines, 

and until the outbreak of war no other explosive substance was i n use at these 

works. Sinoe that time, however. the ruana~ement has been called on to fill 

shells and bombs with "amatol" , a mixture of tr i -nitro- toluo1 and ammoni~ 

nitrat e. 

Circumstances of the Accident. 

At about 12.10 p.m. on Sunday, the 2nd instant, it was notioed by ~~. 

Underwood, Clerk of TIorks to the buildi ng oontractors, that a heap of empty linen 

bags recently used for T.N.T. and restine against the matchboo.rd wall of building 

:..... No. 833 had caught fire and was burning at one corner. He at once gave the 

~:~" alarm at the office and Mr · Palowker. the assistant manager .,ho "aB in charge 

l:-"" during the absence of Mr George Evctts, the manager, at his mid- day meal, took 

'~:S~',~ immediate steps. to deal with the matter by means of 0. hose B'nd manual engine 

. supplemented by fire-buckets. These failed however to have the desired effect 

and by the time Mr Evetts arrived the fire had obtained a good hold, and he had 

... to dec ide whether to make an attempt to save a disaster by removing a number of 
~: . 
" ..... ; cases of T.N.T. lying in the immediate vicinity of the building or to order 

. '. ; . everyone to retire to a safe distance and let the fire do its worst. After 

full consideration he decided that unless these case~ were removed to a safe 

distance there was' a considerable probabi~ity that the fire would spread to other 

buildings and that the consequences might lead to a disaster invmlving not only 

his own faotory but also the cordite buildings belonging to the Cot.ton Powder 

. Company, and that it was therefore his duty to prevent the fire Gpreading~ 

For over an ' hour water ?/as pcured on the fire without effect and at about 

p. m. shortly after 1,71' Evetts had given the order. to r etire the contrnts 
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. c'ontents of the building detonated with appalling results to the orowd of 
,n 'oongregated around, very few escaping death or serious injury. 

Damage to Material. 
Simultaneously with the explosion of tb-is building the two final washing aDd 

filtering houses belonging to the recently 'erected nitro-glycerine plant 0f the 
Cotton Powder Company situated at a distance of about 120 yards and each containing 
a oonsiderable quantity of nitro-glyoerine blew pp in sympathy, and about twenty 
minutes later one of the buildings used for moulding" amatol" charges, and after 
another twenty minutes ~ fifth containing filled primers for naval mines also 
exploded after having been set on fire by debris projected by the previous 
explosions. Of these five buildin~B no traoe was left, the crater formed at 
the Bite of the original explosion being no less than 50 yards in diameter and 
ten to fifteen feet deep. A plan prepared for me by the management, but which 
I have not thought it neoessary to reproduoe with this Report. shewB very olearly 
that within a cirole of 225 yards radius dra~n from the site of the first explosion 
as oentre every building of ordinary light oonstruotion was totally destroyed. 
whereas outside that oirole no building was oompletely wrecked although many of 
them were so damaged as to be incapable of repair. In one of the shell-filling 
buildings erected prior to the war and situated within the fatal ring the 
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. -
reinforoed ooncrete partitions were, however, not even cracked. 

In spite of the fact that the buildings belonging to the Explosives Loading 
Company are well spaoed at distances from 60 to 70 yards apart not more than 
three or four out of a total of about 30 esoaped serious structural damage, but 
it must be noted that, with the exceptions mentioned above, all these buildings 
Vlere lightly oonstructed of wood a.nd were not soreened by mounds. 

In the adjoining works of the Cotton Powder Company the damage was w1de~ 
spread but by no means regular. In addition to the six buildings within the 
225 yard radius which were totally demolished not more than five were so 6amaged 
as to be incapable 6f repair and a further five seriously shaken but capable of 
repair. A very large number, however, amounting approximately to 150 to 200 
reoeived minor injuries or slight struotural damage, a somewhat noteworthy 
feature being that the new magatines at the ·Ra.rty Ferryextension in the extreme 
south-east corne~ of the faotory area and therefore further away from the explosio 
oentre than any other part of the works were rlore seriously damaged . than the large 
major~ty of the intervening building\nl> It has been suggested as a p-robable 
explanation that the greater part of I factory is built on ·a floating orust above 
the marsh whereas these magazines were on practically the only solid ground in the 
area. As they were built right into the hill and well screened by mQunde this 
explanation attributing the damage to the earth wave as ~istinot from the sound 
wave is very possibly correot. 

So far as loan asoertain, although the effect of the explosions ~as _ ~elt 

many miles away,'the damage outside the factory seems to have been limited to 
broken windows, falling ceilings, and removal of ro~ing slates, but here 'again, .' 

'e.3 is so ·usual in the case of a big explosion the ~ave seems to have been 
subject to no rule. Faversham, ' only four milcG away, escaped almost entirely 
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~hehd and ShoeburynesB at fifteen to twenty miles suffered considerably, 
an: informed that 2 windowa were .broken at Farlow in Essex fifty- two 
away. 

Cause of the Acc ident. 
• 

There is little doubt in my mind that' the original fire in the heap of 

empty bags was due to a spark from the neighbouring boiler house. The three 
: flues of this were each fit.ted with a spark-oatcher, but this at best is of 

. ~ doubtful efficiency and the wind was blowing almost directly from this house 
·-,< towards the heaJYof bags. It is possible of course that a workman had been 

had thrown a cigarette end or a glowing match on to the bags which, 
as they w~re with T.N.T. dust, would easily ignite, but having regard 

.the time at which the fire ~as first notioed, viz. just before the dinner hour, 
and· to the strict regulations against matohes and smoking whioh had only 

ently been empha8i~e4 by proBeo~ion and fine, it is .extremely unlikely that 
employee even if he nad BO ·far infringed the rules as to smoke on the 
ses would have failed to take the precaution of oompletely extinguishing 

·match or cigarette before throwing it away. 

_ The theory of spontaneouB ignition of the heap of bags has also been raised 
but from the description given by MrUnderwood of the first appearance of flame 
iow down at one corner I consider this an improbable explanation, although 
having regard to the period of time, about three months, during which these bags 

. had remained undisturbed it oannot be entirely disregarded. Lastly, it is 

not inconoeivable that a mischievous person may have put a match to them on 
his way to the mess room. but in view of the preoautions taken to prevent the 
·mry of unauthcrized persons and. of the fact that no one could hav~ foreseen 

t the ignition of these bags .would have had such serious consequences an 
upported surmise of this nature amounts at most to the vagest suspicion. 
arrangements for preventing the entrance of unauthorized persons appeared 

·to me to be very strictly carried out and in addition to the military guard 128 
~-4. 

g, no less than 2' oivilian patrolmen are employed at the combined factories. 

All things considered then I am. as already stated, firmly of opinion -that a spark · from one of the flues of the boiler house offers by far the most 
bable explanation of the fire • . The boiler was situated at a distance of · 

50 feet from the building against whioh the ba~ were lying, and contained 
. , 

boilers. the flues of which were 37 feet high. The spark arresters were 
"' :' " , " , '. . ' . 
a type consisting of a sucoessio~ of baffle plates against which the flue-
es impinged and were fitted in consequence of the former freque"ncy of 

1sible sparks. In spite 'of th~se, how~v~r , . sparking from the flues seems ... 
sti1~ to have occurred at times and only the night before the explosion two of 
t.~e patrolmen reported , t~t they had elitinguished an inclpi.ent. fire from this 

e between the boiler house and the T.N.T. store. 

Had the building contained T.N.T~ only, it is possible that no explosion 
~ould have occurred but that the ·fused matorial would have spread over the 

burnt away quietly. Unfortunately, however, owing to the alterat:1,on 
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" the loading arrangement, to which reference has already been \I!lB.de, this 

" building had for some time been used as a atore for Ammonium Nitrate and about 
150 tons of this sUbstanoe were present in ~t at the time. Aa the building 
wa.s only lioensed for T.N.T. the use of it'for Ammonium Nit r ate was, strictly 
speaking, a oontravention of the terms of the licence but, had the matter ended 
there, the substitution of a practioally non-explooive ingredient for a compound 
which, although particularly insensitive to friction or shock undoubtedly pOBses8e 
explosive proper~eB would be regarded merely as a teohnical irregularity to be 
covered by an a.mendment of the licence at the first opportunity. But owing to 
excessive quant:...ty of T.N.T. delivered at the works the magazines 
for the storage of this material were all full and of the surplus about 15 tons 
deposited in the ill-fated building and the remainder appears to have been lying 
the open ground outside it. As therefore, the theoretically most effioient, 
proportions of these ingredients are about 20 per oent of T.~.T. to 80 per cent 
Ammonium Nitrate there were present in the building alone the makings er -at 
76 tons of high explosive. 

But although the management oannot be oompletely exonerated from blame for 
allowing this departure from the ccnd1tions of the licence, it must be remembered 
that at the present time rapidity of output is of the first importance, and 
from this point of view it is extremely difficult, if not impossible, atr~ctly to 
adhere to the exact letter of a licence. Changes are called for almost daily and 
have to be met in the way that appears best at the time with due regard to the 
essential matter of output. This partiCUlar oombination of ingredients even when 
intimately mixed to form Aulatcl, an explosive now commonly used for the burFting 
oharges of shells and bombs, is regarded more as a fireerisk than as an explosion · 
risk, and it may well be that the responsible officials failed to apprec~ate the • 
danger they were running in keeping these two ingredients ,in the same building 
or that appreciating the risk they oonsidered it justified by the urgency of the 
national requirements. 

That i~ moderate quantities a mixture of these two ingredients constitutes ~ 
a fire-risk onl~would seem to be indioated by the length of time the fire 'was 
burning prior to the explosion. In faot aocording to the evidenoe of the Works 
Manager it had passed its maximum fieroeness at the moment the explosion ocourred. 

On :firBt realizing the serious nature of the fire the manager 'Ias placed 
in a most difficult position. In the immediate vicinity of the building there 
was a large number of boxes of T.N.T and it was a question whether an effort should 
be made to remove these and thereby possibly reduoe the effeot of any eaplosion I ' 

that might oocur or to let them be involved in the fire and order the workpeople 
to retire to a safe distance. Mr.Evetts, as already stated seems to have deoided, : 
not ~stily but with full appreoiation of his responsib1~ity, that in view of the 
proximity of the Cotton Powder Company's Cordite Works and of the importanoe of 
these to the nation the preper o~urse was to make overy effort to limit the destruo 
ive effeot of an explosion to the smallest poasible area by removing to a safe ,. 
distanoe all the T.N.T. that oould be handled by the men at his dispoaal. 
he was, I understand, loyally supported by hie men. and although the 1088 of 
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is most deplorable it may truly be said that those wh. thus died at their posts 
gave their lives for their oountry in the fullest sense. ' Some of them possibly 

~ were unaware of the risk they were runnin& as oeems to be evidenoed by the 
"."~"~"'''', presenoe of a oertain number merely as spectators who deolined to retire in spite 

,of repeated instructions, but many there were who, while fully appreciating the 
' ~~~~-~danger, threw themselves heart and soul into the struggle to prevent what could 

only be described as a national disaster, and it is some satisfaction to feel 
. that their eff~ts were partially suocessfiu1. An examination of oertain of the 

otton drying sh~ds in the neighbouring works shewed that a very slight increase 
n 'the foroe of the ezv1osion would, have oaused more than one roof to fall on 

'gunootton on the raoks below and the explosion of even one of these sheds 
probably have put the oordite plant out of action for a considerable time. 

,~ The behaviour of the manager, Mr. George betts, oa11s for special mention. I 

, the time of the first explosion he wss about 40 yards from the building and 
knooked senseless by the oonoussion, his coat being torn off his back. On 

,UUIU~L~ to himself he found his offioes were on fire and he made an immediate 
'~~L~rn[Jlo to save his books and papers. While so engaged the roof and walls fell 

He then ran to the main gate to summon medical assistance and 
~tlUU'~S and there met Mr.W.E.Bethe11, Works Manager of the Cotton Powder 

Accompanied by him Mr. Evetts then returned to the site of the 
of flames, and while assisting to remove ' the 

narrowly esca~d death or injury from the second and third explosions. 
the last of these it was seen that ·the roof of the nearest magazine 

IItl.l.U.L.Uf', 25 tona of T.n.T. was on fire, and as by this time the scene was so 
ible that they oould get no· ·.)ne to follow them these two gentlemen alone 

on to the roof of this building and extinguished the fire thereby possibly 
~w'~~~'7cY'+. ing another explosion. The gallantry of both these gentlemen deserves the 

st oommendation, more especially as a very slight addition to the shocks 
eady experienoed would almost certainly have caused the explosion of one or 

of the gunootton stoves to which reference has already been made. 
) ; 

The immediate neighbourhood of the matchboard wall of a building appropria-'3 r ." . 

.. 'to the storage of, even Ammonium Nitrate alone was an unfortunate place to :It~ : '. . . ' . _ . i _ se1eot for the deposit of a heap of inflammable bags but, without in any way 
deair~g to relieve the Company's officials of .responsibility rightly resting on 

.' tb~2n it 1s only fair to point out that owing to the pressure at whioh the work was 
being oarried on and to the vast amount of material delivered to or stored at the 

.... faotory with no regard to the space, available o~ to the proteots of the management. 
~,. , ~, it ~a8 practically impossible to maintain the orderliness and method oonsidered so 

essential in normal tim~s. No less than 250 tone of T.N.T. and nitrate had been .... 
:.,del1vered during the previous month and although 14,.000 empty packages had been 

despatched sinoe the 1st February, there still remained a large aocumulation of 
~he.Be~ . This congestion is indeed a matter which is very generally causing me 
C~,~~i.de.rable 'anxiety and to which I have alr'eady called the attention of the 
~n1stry of Munitions on more than one occasion, but in view of the immense ' s6a1e 
on which the manufacture of munitions is now of necessity carried on it ls 
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diffioult to see how it oan be entirely avoided. -

In vie'7 of the very large quantities of T.N.T. and Amatol now stored 
throughout the Kingdom this aocident oannot fail to be extremely disquieting, 
on the other hand it would be a mistake to assume that a fire involving either 
these materials will invariably de~elop into an explosion. In the oase of T. 
I think there is good ground for the belief that owing to its low melting point 
would in the :yent of fire spread itself over a large area and burn away quiet 
Explosions have oocurred no doubt, notably those at Penrhyndeudracth and Ardeer 
but in eachoaee the detonation WRS preoeded by a fire of oonsiderable duration 
or the T.N.T. was strongly oonfined, or both these oonditions were present • . 
also, or rather a blasting explosive of the S~ oomposition, has been known to 
away in oonsiderable quantities without explosion, but this is at the best mer 
negative evidenoe and must not be taken to imply that in very largo quantities . 
behaviour will be equally satisfaotory. 

The oiroumstanoes attelkiing this aocident are ouriously similar to those -
oOnDeD~ed with an explosion whioh ooourred at Witten in Westphalla in 1906. 
this oase also a detonation took plaoe in the oourse of a fire which fused the 
two ingredients and thus o-~used them to come into contaot, and it ie to my mind 
by no means impossible that the conditions under whioh a large quantity of 
Ammenium Nitrate and T.N.T. stored in the same building might oombine in the 
event of a fire might be more likely to lead to a violent reaotion than if the 
two ingredients had been previously mixed to form nAmatol'. In the present 
series ef explosions at any rate, nothing ocourred to prove oonclusively that 
unoonfined Amatol oan be exploded by fire alone. The mixing and moulding 
whioh oaused the second explosion oontained at the time a oonsiderable amount 
unmixed ingredients, and the 'primer' house which caused the third and last 
explosion oontained T.N.T. in stout metal oylinders primed with pellets of 
'tetryl", - and inoidentally many 6f these oylinders were pioked up later 
unexploded. 

. ; , ~ 

To asoertain if there were any probable foundation for the view that the ,.. 
unmixed ingredients might be more dangerous than the mixture the Messrs. Oupre 
oarried out at my request a few tests in their laboratory but as they Unfort 
ly have no open ground available. the scale on whioh they were able to oonduct 
the · experiments was too small to give any definite results and they were only 
able to show that when heated in a test tube, i.e •• under Blight oonfinement. 
'Amatol' is distinotly more violent in its explosive properties than T.N.T., 
w?ereas when ignited in a platinum dish the latter burns the more fieroely. 
They pointed out, however, that Ammonium Nitrate when heated produoes large 
quantitios of nitrous oxide (N20) a gas whioh in its property of supporting 
oombustion does not differ materially from pure oxygen~and that although when 
the two ingredients are oombined in the form of 'Amatol' this oxygen equivalent 
would be oonsumed as soon ao produoed it is not impossible that if large quant 
ties of the nitrate were separately heated there might be an aooumulation of t 
gas which on suddenly Qoming into contaot with burning T.N.T. might give 
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a reaction of unforeseen and exoeptional v1~lence. It is also 
conoeivable that the sudden precipitation·of a mass of the nitrate into burning 

T.N.T. might produoe a similar result. 

In any oase however it is clear that it ie most essential to store these 
two materials in different buildings so situated that even in oase of a fire 
involving both_they oannot come into oontact with one ancther. 

I attended the adjourned Inquest held on the 11th instant by Mr.C.B.Harris, 

Coroner for the Sittin~bourne District of Kent. The jury returned a verdict 
of aQcidental death and aoquitted the management of all blame in the matter, 

adding a rider suggesting that the Home Office should require more efficient 
fire applianoes to be established in explosives factories. In regard to this 
1 would point out that the provision of ample means to deal with incipient fires 

is a matter to which speoial attention is paid in explosives factories but 
ing the present emergenoy.it is frequently impossible to carry out the 

oessary work of laying watermains and that this had not been done at these 
ks was due to no lack of . effort on the part of the management. In the 

absence of a ~igh pressure water supply the best substitute was at hand in the 
supplemented by fire-buokets and ~ver one hundred 

In the oourse of my Inquiry I received valuable assistance from the 
of both- Companies oonoerned. 

I have the honour to be, 
Sir, 

Your obedient Servant, 

A. COOPER-KEY, 
Major. 

R.M. Chief Inspector of Explosives. 
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