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") Home Office, 30th December 1893. 
I HAVE the honour to report that in obedience to your Order, dated 28th Decem

. 1893 (Home Office, No: 59/53282), made under the 66th section of the Explosives 
t, 1875, I have held an Inquiry into the oiroumstances attending an explosion 
o. 105/1893), which occurred on the 22nd December 1893, at an ammunition factlory 
'.Valtham Abbey, occupied by Messrs. Frederick Joyce & 00. (Limited), by which 
J men were killed and three others sustained injury (in one case slight). 
r h factory in which the acoident oocurred; although long established, .was not oJ;l.e Description 

. which a Oontinuing Certificate could be properly claimed at the passipg of the ?f fa~!,<>~Y 
plosives Act, 1875,'" and aooordingly the then occupiers, Me8srs. R. G. Joyce and ~~c~de~t 
Joyqe ,(of Waltham Abbey, Essex, and 57, Upper Thames Street, London), took occul"rcd . 

~ a Lioense to legalise the factory shortly after the Act came into operation, viz., 
~nse No.3, dated 19th June 1876. 
3ubsequ ntly, on 2nd September 1889, ·the license was transferred to a limited 
npany, trading as Messrs. Frederick Joyce & Co. (Limited), of the above address, 
1 by this company the factory continues to be worked. 

. , ;.~ 

r he factory (which occupies about 5~ acres of ground, and contains several sheds 
c1 buildings), is situated a little way outside the town of WaHham. in E~sex, and 
nprises a number <;>£ buildings for the carrying on prominently of the operation of 
,king pel'cuB~ion and safety oartridges (empty and filled). The license also authorises 
) manufacture of fulminate of mercury, but practically, with the exception of drying 
minate of mercury, this manufacture is not carried on.t . 
Amqng the buildings of the faotory was an isolated wooden shed (No. 45): whioh is Shed in 
ensed £61', the pperation of mixing percussion cap composition. As this operation whi.ch 

t'8oognised 1\8 being. under certain oonditions, an extremely delicate and risky one, a~ldendt 
k th . 1 l' . h fl' b h' occurre. too e precautIOn to narrow y lmlt t e amount 0 exp OSlves to e present t orem, 

d the number of persons. The license only allows 5 lbs. of explosive, i .e.) explosive 
the 5th (fulmjnate) class, and one person. 
It was in tp.is shed that the accident now under not.ice occurred. 
Before proceeding to dflscrib0 the circumstances of tho accident, so far 118 I have 
e ll able to gather them, it is necessary to say something 'of the shed, and of the 
bure of the work oarried on theroin. ' 

, The license held by 1\ essrs. Joyce was an annual one, which expircd on 12th March 18"6, and scct. 52 
,he Explosives Act, 1875, pro\'irlcs tbnt" wbere the license of a facto ry or mf~gllzine for any explosi v~ other 
han gunpowder will expire within 12 months after th o commencement of thi s Act, the occupier of such 
'!totory or mogttzine shall not require I~ cont,inning eertiJicute L1ncler tJIi ~ Act, but Il l1Lil such lir.e l1 .'c ll xpil'es' 
,111111 be entitled to llse s uch fu.ctory or •. "gazin e in like manner a:4 if t hi s A c t. had Il ol pUHsf'il, wil;hout 
ll'cjlldice uevertheless to any "".I?':l1:li4W!) 'Jl, , .. "., fo\' nlic,oosG Utlr1 @I' the Act for ~ l1ch factory or maga)l ine." 
; Iudeed, no Q1tiJdiPgs, ~ro. l\lling.Qe~ .. lD ;\H~ seh~{ule to ~he liefmse to fln y process of slIcb manufaet.uro 
)~pt th (Ill" .Al~i(\lDg whIch IS apPfOl?Hr.111' • to dl'YlDg £ul,mmnt(l of roer-cll!')' . 

-, '?n~I.l.IL W L .2IlS.l U 
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ts in separate paper parcels (or in the case of the fulminate of mercury in a 
closed gutta percha vessel) to the mixing shed (No. 45), where he would first 
the chlo te a.nd ground glass together, with a wooden pestle in a wooden l>owl 

the bench to left of door), and then turn this mixture out 011 to a sheet of paper, and 
conv y it to the mi~ng table, where the fulminate of mercury and the suI phi do of 
antimony would be added, the whole of the ingredients being dry, and the chal'ge 
about 15~, ozs. (or say roughly 1 Ib.).* 

~rhe mixing was effected by the operator raising and lowering the corners of the 
paper on which the ingredients rested, so as to bring them together, and then the crude 
lJlixture was placed in a wire bottomed 40 mesh sieve, which was rocked gently from 
side to side until the whole had passed through into the paper below. In some 
instanoes the mixture had to be sifted more than once. 

With some compositions a brush was used to assist the passage of the composition 
h the sieve. But the manager assures that the brush was never, to his know
employed with the sort of composition that Burton was engaged upon at the time 
accident. 

After the composition was mix.ed, i'b ·was placed in a gutta perch a bottle, which 
was 't,emporarily deposited in a neighbouring shed (No. 50) until a second mixing 

was ready, which was likewise taken to No. 50, and placed in the partly filled bottle, 
which in its turn was at once conveyed to the magazine, whence it could be drawn as 

quired by the men engaged in filling the percussion caps.t There is no reason to 
believe that this practice was departed from in the present instance, except in one 
important particular, viz., the non-removal of a mixed charge, to which unfortunate 
omission, as will presently appear, the fact that anyone except Burton sustained injury 
must undoubtedly be ascribed.~ 

The acoident occurred at about 10 minutes before 12 on the morning of Friday, Circum-
of December 1893. stances in 

cODnexion 
Mr. Courtman was at the time standing in the yard, near the entrance gate of the with 

fa.otory, which was then in full work. He heard an explosion, " not over loud, like a gun . accident. 

to . sharpness, but l.ouder," and fOl: the mome~t he ,thought it can;-e from the cap 
Ifnhl\"rr'Tlg sheds, to whlCh he ran rapIdly, but seemg they were all rIght, and seeinO' 

ahead a faint smoke proceeding from the direction of the mixing shed, he l'a~ 
across the field and made for that shed, whioh as he approached it he saw was very much 
damagod. When he had got vvithin about six: feet of the exploded shed, he could see 

to~ lying among the debris, with his feet apparently outside the position of what 
once the doorway, and his body lay, so to speak, across the doorway, his head 

g to the right. He was lying on his back, and apparently trying to rise. At the 
sam moment Mr. Courtman saw the heads of two men appear through the bushes at 
tho back, and at that moment there was a second explosion, much louder than the 
other, and th effect of it was to throw Mr. Courtman down and scatter the remains of 
the shattered shed in various directions; some of the debris here scattered over Mr. 
Oourtman, and he sustained some slight injury. Mr. Qourtman says that the two heads 
that he had seen disappeared, and he ran forward when he had recovered himself and 
tried to raise Burton, who was living, and who made some rem~r~ about ~ls injuries. 
Mr. Courtman saw at once that the poor fellow was very severely InJured; hIS right arm 
was blown off below the;, elbow,§ and appeared to be broken above; the left hand was 

• ThA amounts differed slightly with different compositioDs, but in no case exceeded 22 ozs. 
t Th( 1'0 does not (~Pl? ar to hove been i\ny formal 01'(101' to this effect; and so fRr as the eonclitions of the 

license were concerned, the mixer would not have been committing any t1'ansgl'ession in allowing the mixing to 
remain a short time in the shed wbilc he proceeded to mi x allot,her batch, so long as the totn.1 IlnlOllllt nllow<'d 
10 be in the shed (5 lbs.) WHl' not eXI!ccderl. But it wn~ nn uoderstood thing that the mixing!!, as completed 
wel'C to be removed, and undoubted ly such tin IlrrRllgemcnt tended greatly to diminish risk, and would also b~ 
mo~e co~si.stent with the ~pirit-:-if ~10t. with the letter-of ~eneral l'ul.e NO'.1 2 (~rder in. Council, No.2), 
which en.loms tha.t "overy mgreulent In course of manufacture mto explOSive, whICh eIther by Itself is possessed 

of c. plosi\'e properties, or which, when mi.-cd with any othcl' illgrcoicflt OJ' articlo also present in any working 
building, is capabl of forming a.n explosive mixture or 81.\ explosive compound, shall be removed with a.1l due 

II 'diligunce f1'ol1l AllCh working building so l:Ioon fLf; the proc s connect.ed with thol!!o ingl'edionts which iR calTied 
" 011 ill such builoing is completed, Hnd !Ill tinishcd xplosivc IJhall, with all du o diligence, either be removcd to 
., II. fllctol'Y magazine, or sent. ttway immediately from the factory." Of COli 1'80, the di:;position of 11 mixinO' in 
No. 50 (which WftS not a" Fl'ctory Magazine ") was not stl'l:ctl?J a complianco with this rule, LuI, it 7v!ls 
perhllps, arguablo that the" mixing" was not completo unti l a bottleful had been prepared. At any I'l1te th~ 
practice was not one which appeared to us to call for Rny interference on our part. ' 

t It is also not improbable that Burton's iujuries werc seusihly fLggrayutcci by the second explo!<ioll, wllich 
was (.b result. of his omission to remove the mix ing. 

§ BL1rton's right hand, minus t.he thumb, wus atterwards round among tho debris, and the thumb, blown off 
lit the second joint, WI\8 fOljlld ab~lIt 6 fcet olltaiilA "lixing bouse door. 
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muoh injured; his face, and especially his forehead, was a good deal cut, and his hail' Waft 
slightly singed; he also complained of great pain in his back. Mr. Oourtman was "Q.nable 
to raise him UlHtS,8iste~, bllt at thiR lllomont tho injul'ed . man's s.on c~me 1tloog, ~nd 
together they earned hllll to the laboratory, 'where he rellamed untll th/ dootor shortly 
afterwards attended to him, ana whonce he was subsequently remc-;ieJ by their direction 
to th Oheshnnt Oot.t.n,ge Hospital, wll<'l'o ho expired that evening .. 

Unfortunately, n ~ has l)eon st.atOli, BnJ'tolJ was not tho on ly man who sustained 
injury of a serlou,' character. 'l'h", lll~ise of the fil'st eX]Jlosion llalJuntlly attrapted 
attention, and tl\l'(:' o porNoDs (CharloR Hubba.rd and Thomas Laurence, and a lad, Chn.rlQ~ 
Bird), ran immellin.te ly from tbe boi ler house to ronder a~f.!istance.. Doub·tless the t p 
heads which Mr. Courtman saw' among the trees at the .I'3ide of the mixing hqu.ser were 
the heads of two of these men, who had thus got up to the hous,e (but were outs'de i~) 
when the socond allClmore formillable explosiol1 ,occnrreJ. They floll sustaiued mOl!e or less 
severe injury, from the effects of which oue (t.ho lad Bird) subsequently died. ' It will 
be seen that their fnto was na,rrpwly es?aped by Mr. ~ourtman, who, fortuDa~f3ly, was 
just far enough from the house (barely SIX feet) at the tIme of the second explosion, tQ 
escape matel'inJ injury. In another second or less he would have been witbk the 
zone of dangerous effect.1 . '. , 

13eyond the injury to the building itsolf, and to the four men, the e:x;plosion did no 
harm. Not a single , window even was broken, although oue of the neighh uJin 
buildings was distant only abo'Q.t 13 yal'ds. '. '1 

Debris of sorts was scattered about over a mean radius of about eight yards; some of 
the lighter fragments (assisted evidently by the wind) had t.r,avelled about 13 ya 'as 
The shed itself is an absolute ruin (see photogr1:;1ph)*, altd a careful examination pf t ~ 
debris, whioh Mr. Oourtmall very pr operly causec1 to be left absolutely undisturbed 
uutil after m:y visi,t,. throw or~e valuablo al ia inA;trll eti.v~ light, jf no~ on tl~e origino.tll1g 
Cfl.use of tho explOSIOl11:l, at, any rato Up01l the 01'UOl' ana lYlaUnor lU WhICh thoy had 
ocoulTod. 
. Thlls, it is :1,bUllUfl.Ut:ly 01011:', trom tho ,Position of. th,o 8creo~, from the. spl~ntering 
Into sTQrtll fl'(Lgm onLs of the mlxmg tablo, trorn a erater formed In tho floor Just m front 
of the screen, and thorefore undor the lnixing table, from the disappearance, more or 
less complete, of 1110 siev~, and fr:om the small fragmellts, of felt and cloth and glazed 
pn,pm' from \ho table 'whLCh wo pIcked up, that an explosIOn had occurred on the table' 
it was also clear from another anc11arger crat.oI' to the right of tho door that 1'l.Doth'; 
explosion had occulTed at this point; alld the fact that we recovered from this crater 
fra.gme~ts of Olle o.f the g utta poreha bottles used for containing a completed mmng, 
conclLlsIVoly estabhshed that the contents of such a bottle had gone off here. In short 
the loca7e of each of the two explosions was perfectly established. ' 

Then comos the question as to the ordor :in which these explosions occurred. To 
my mind this qnestion can be guitJe confidently answered. Tho first explosion happen~(} 
qn tho mixing table; the second in the bottlo ne~r the door. This sequence appears 
bo be established by one 01' two circumstances. 

1st. '1'he naturc of tJ e injnr!es sustained by Burton. His right arm below the 
olbow was destroyod, ani!. the thumb of the right haud was ,blown off, showing that his 
hand mllst at the timo of the explosioll have bO!3n .close, to the charge, and this iti 
oasier to belieyo would have happcnod wheu he was in the act of mixing than while he 
was handling a boLtlo; indeed, t ho loss of tho thumb would appear strongly to indica 
that ho was holding Bievo at tho Lime. 

2nd. If he had been handling 11 bott.le, and not mixing, at tlJO moment of the fh
oxplosion, it j ~ cortl.l.ll1 that his ,?ody woulLl h~vo sustained more sorions inj~ry, wher as 
if ho wn,s bohmd tllO screen hIS body and D1'ca.slj would havo been (as In fact th y 
were) largely protoctod. , . 

3rd. That, h,o was at ana behmd the screen see!l1 to follow from the fact that we 
found one of hIS felt oyel.'-~hoes on the soft stool behmd the Bcroen, and the other C1080 
besido it . 

4th. His cap, ,,,hi ch wo discovored among the debris, had the whole of the f01'6 PftJ.'t 
of i~ more 01' lCRs blo'.Yll. ~'v:~y, th~ hjn~lor l?n.rt being , Ilnin.jurec1, a result Which i 
conSIstent (~1 S ,yore all Jus ID]llncs) Wlth ~lS b01~lg .:1~ ~nd behmd the screen when tb ) 
first. explosl?Jl o~cUl're,d , fwd whlCh, tuklllg' hiS ll1,Junes. as a wholo, S00ms scarcely 
COTlSIBtellL wltll 111K havmg been elsewh~r~ when the explOSIOn OCCut'rEHl. 

5th. Ag~ ; u, nll: fa~t that, iUl101Jg t he debris wore found ,small fragments of the siove 
blpwn to ploce':!, PO'J't.LOjjt; of t lloCable, iJlO felL cloth Whlcl1 covered tho table) with r, 
-----~- .. -.-. _. __ .- -_.- --.--- -- -._- -------- ------,_ .. _-.. -. --_ .. .. _------ -
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hole blown out of the contl'e, all contributes to support the view that the explosion 
originated at the mirillg tnblo, while Burton was actually engaged in mixing. 

6th. The crateI' to right of the door (where the bottle exploded) is of a more 
formidable cli~racter than the crater undeI' the mixing table, and although this 
difference may have aeen in part due to, it is not in my judgment to be entirely 
accounted for by. the fact that the charge in the caBO of tbe table was a 'couple of feet 

I or so from the ground,whereas in the other case 1;he h9ttle must apparently have rested 
on the floor. Ratber is it to be inferred that whereas the charge which was on the 
liable was unconfined, and more or lesR spread out, the charge in ·the bottle was con

I centrated and confined, and accordingly it would follow that the pdttled charge would 
produce the more marked efrects and the louder report; . and all tbe testimony agrees 
as to this, that the second explosion was much the louder and more considerable. t 

In short, I think we need have no hesitation in saying that what happened was 
this: the charge which Burton was mixing on the table (he being behind the screen) 
exploded first; and a mixed charge in a bottle standing on tho floor exploded after 
an interval of about half a minute.t 

I have yet to consider what caused these two explosions. 
As to the first, or originating explosion, viz., tb explosion of tbe cbarge in process As to cau&e 

of being mixed Oll the table, I am afraid we shall never be able to arrive at any satis- of the ex
factory conclusion. It is quite probable that even if Burton were himself alive he plosion8. 

would be unable to tell us what caused it. As we said wben ' treating in our Annual 
Report of the fatal accident on this site in 1878:§ "In dealing with a highly sensitive 
" detonating composition, very minute causes may lead to serious results, and even 
" the accidental slipping of a tool from the operator's hands, or a momentary in-
" cautious handling of the same, may determine an explosion . More than one accident 
" has occurred at tbe Royal .A.rsenal, W oolwicb, from tbe mere scraping 'up of cap 
" composition on a highly polisbed metal plate with a wooden scraper." II All our ex-
perience during the 15 yea.rs wbich have elapsed since those words were written has 
tended to confirm their correctness, and to show what very slight di sturbing causes may 
ostablish an explosion of a sensitive composition. The detonating compot-:;tion on wbich 
tbere is no reasonable doubt Burton was engaged is of a speciaHy sensitive character, its 
sensitiveness being purposely raised to a bigh point (for tbe purpose of securing 

. certainty of ignition ill the cap) by the admixture of ground glass, which plays the 
part of grit in rendering the explosive ready to explode on the application of a very 
slight degree of fl'ict,ion or }lercussion.~r But even apart from this, and even apart from 
tbe possible accidental presence of other foreign mutters or gritty part,jcles, a com
position which contains fulminate of mercury in a high proportion, chlorate of potash, 
and sulphide of antimony, cannot fail to be highly sensitive. 

Under thOde circumstances, it really seems unprofitable to examine more recondite 
,causes, or to go outside those wllich a,re supplied by the mere ha~dling and normal 
mixing of the composition. At the same time, I have not neglectod to make inquiries 
ill other directions. Tbe result of theso inquiries leaves me in. no doubt tha·t Burton 
was a steady, well-bebaved, competent lllall; that he was sober, and apparently in a 
healthy mental oondition that mOl'ning'; that]1O wus not hurried in allY way, either 

'w'ing to t.he nonr a.pproach of the Christmas holidayti or from other cause ;:}:* ho does 
not ::leem to haye been rondered specially 116l'VOUS by tho very serious disaster wh.ich 
had occurred nine days pr~viously at the Govel'llment Gunpowder Factory near at 
band; be had, in reply to Mr. Courtman's exhortation (after the explosion at the 

• That ti le explosion did not origiuato with the fllliujuate of mc),cury is proved by t.he fact that Lhe only twa 
gutta. perella cnps which hud contained dry ful illinate wer e fOl;lDd Ilninj ul'od. 

t It is also not imppssiblo that the nmolll1L in tlte bottle may have been rather larger than that on the table. 
The bOltlcs when fu ll co ntaiu two pOlln(l~ , which wou ld be about double what would be mixed at one time 
(see p. 5); but we have no llIoans of knowing that t.he bottle was full. It may have contained a single 
mixing corresponding ill amount to that on the table. In that case the amount in the bottle would correspond 
c 'a lIy with that 011 the table, viz., 1 ;j~ OllU,CCll each. 

i I havc arrived at a fairly conJidcnt cstimate of the illterval b et.woeu the two explosions, by getting 
Mr. Courtmun to l'nn from the point. at which he heard the tir:;t explosion to that where he was when the 
second oec11I'red, and timing 11iUl. He took just 20 seconds. 

§ See ante, p. 4. 
II Annual Heport of Her MI\~~t.Y's Iuspectors of K 'ploHivcs fot' IH78, pp. 28, 29. 
~ A similar \~fl'oot j~ prUtlllCet 1Il '''hut are ),,'V ,,'ll Ull I ~ Lhl'ow-tlowu (:1'1'01(131'8" by introclucincr gritty particles 

into the fulrnill.l>t .. (jf silver of which thGY ure composed. . . . .., 
. db" t' " l b I . •• ;n'f.~ •. "n WIIS pru y lmo I\)l( 1Jf1t J t· to PlOCC, so that he porsonally hOO no pecunillry end to sa • 

*"'Ii'fylllg hIS work , _ _ _ rye lQ 
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Government Factory) to be specially cEtreful, replied quite q.uietly and composedly tba 
h o.lwo,ys took th, gr atest care, and conlcl do no more: hIS shed at the inspeotion 0 
Her Majesty's Inspectors has generally been found to be very well kept, and olea.n' 
there is ample evidence that he was wearing at the time the reg .;a.tion clothi~g 
provi~ed ullde~' the rules .; and I see 1:0 ~eason to suspect that th~: was any violation 
on h1s pl1rt of the speOlal rule forblddmg any workperson to wear pockets in an' 
danger building; we may safely cOlJclucle from the position in which we found hi 
felt boots, that he was wearing them at tho time of the aocident. In short, so far as 
can see, we may properly reject 1111 exceptional extraneous causes, and entirely relieve 
Burton o~ any susI;>icion that t,he cause of the original accident ,was due to any viola
tion on hIS part of the regulatIOns, or o~ that careful and even delIcate treatment of thtl 
composition which no regulation C3,n define. 

rrhere is, however, one direction in which it is impossible for me to report with 
confidence that no blame attaches to Burton. There is no doubt that at the time of 
the accident a bottle of mixed oomposition was present in the shed over and. above the 
amount which Burton wail engaged in mixing. The presenco of this bottle in the shed 
was contrary to practice, and contrary also to an understood (though not formulated or 
expressed) regulation of the factory, the practice and understood rule being, that tho 
bottles containing a mixing, should be at once deposited in No. 50, en 'route for th 
,magazine. If I were in a position to say positively that tJ~e bottle .. w~s full (2 Ib .). 
the blame would be even greater; but I am not able to do this, and It 18 possible that 
the bottle only contained one mixing (say 1 lb.), but according to the manager it Wit 
oontrary to practice alid rule that even one mixing should remain in the shed, 

The evidence all points to th,e second explosion, which was that of the mixed c tn
position in t,he bottle, being very markedly louder and more violent than the Ot1161', 
But this in itself is not absolutely conclusive as to the amount in the bottle being 
greater than the amount which was being mixed, for in the first place the bottled 
composition was completely mixed; it was in a mass, instead of being spread out· it 
was under confinement, which the chargo in process of mixing was not. ' 

It may be asked, why did this second lot go oil' at all, at [l,n interva.l of about half 
a minute a~tel' the .first explosio~ . I have n? s?rt of. doubt that it was 1n cons~quenCa 
of the fallmg on It of a quantIty of the debrIS proJected by the first explosIOn. A.. 
beam, a piece of slate, tho principals of the roof, or other body projected into tIle air 
may have fallen o~ t~ the bottle and ,exploded its contents., ~t any rate, it is easy U; 
s~e from an exammatlOn of the remams of the exploded. bUlldmg that the escape from 
explosion of a bottle of highly sensitive detonating composition standing in the midst 
of the wreckage would have been littlo short of miraculous. 

I have next to consider whether any blame attaches in connexion with this 
accident. 

I have already dealt with the question of whether Burton was to blame for having Ii 
bottle containing m~xed c.omposition in tho shod; and havo 8h~wn, although I have 
come to this conclUSIOn WIth regret, that undoubtedly, whether the bottle was full 0 
contained only a single mixing, not only was he to blame, but that to his omission to 
remove the mixed composition the injuries to the three men who rushed to Burton's 
rescue at the time of the first explosion are directly attributablo. 

The method of mixing actually in use, and i11 ?he. course of ~hich the originating 
explosion occurred, was 1l0t

1 
qnly Op~ll to grave ~bJectlon, but ha~l .been .over and Over 

again objec'ted to by us. ~he fact IS that there IS a ~ethod of mlXmg hIghly sensitive 
compositions in use at tho RoyaJ Laboratory, W oolwlCh Arsenal, Ilnd (by our advice) 
at some of the private factories, which, although it does not wholly get rid of the risk 
of an explosion,. posse~ses the conspicuous m~ri t of rer~l.Oving the operator from the sphere 
of the more serIOUS efiects of such~ an exploslOn. ThIS system was adopted at W oohviob 
about six or seven years ago by the then superintendent, Colonel Barlow, who had seen 
it in use in one of the Govemment laboratories in France. It is known as the" jelly. 
bag" system, and. wjlJ bEl hereafter more pf1fticuJarly described. 

About the time of the first introduction of the system to this country, viz., 1887 we 
sent out a circular! to the various manufacturers of detonating compositions for ~a.P8 
and detonators. in which we said: 

-----------------------------------
,.. At my inspection of 16th D ecember 1892 I complained of the cn.lico spread ovel' the floor-felt being a little 

dirty or rather, p",·r. 'T!I, I should sny dingey, IlS the reHult of the cloths not bei ng wU8hecl quito often enou h 
t Burton arlt'tlil.l'S to, have J1tM.e no statement beforo bis death which could be l'egarded as t hl'o"ting any Hlfilt 

011 we cause of the aCCldent. <I 

t Circular le:(;flr of 25th T<'ebl'uIIl'lI881. 



.• 80 far as we can judge, this apparatus, which is inexpensive and simple, appears 
o offer ao nsiderable aclvantages as regards safety to the operator, as compared with 
e methods 11 ' tally employed . 

~ "In (,he event of Y-il.,Hr wisbing to send a represent.ative to see it" the Superintendent, 
i '.{ yal Laboratory, has killdly cOllselltecl to allow any such roprosentativo of tho trade 

o inspoct the apparatus on pl'ollll cing this lotter as a vouchcr." 

A.mong the fiJ!ms to which thi s let ter was sent 'were Messrs. Joyce. \l\Ibet101: thos0 
entlemen did or did no t avail themselves of the suggostion that thoy should visit 
~Voolwieh and see the machine I am not quito certain. I believe they did (from D, 
,'mark in the notes of my inspection of Gth Apl'il1887). But it is quite certain ·that 
/thoy never adoptod this method of mixing. 

We have repeatedly dil'octed t hoir attention to tho advantagos to be derived from 
is system without drooL ~l'hll S, I find in Ylly iJ~spoctioll llol es 011 this factory, tho 

ollowing remarkt) :- . 
Inspect'ion of 6th AIl?'il 1887.·-" 'rhoy have a scrool1 now, mHI they mix on the old 

. ystem. They have seen tho new at Woolwich. Mr. Bailey • (the then manager)' 
' %." thinks it good; but be is disposed to prefer 'Wet pl'ocess. I said I tllought thoy 
r , would do well to substituto the one or the other." 

~~ Inspedion of 26th June 1889 (p . 13).-" They have a scroen here, n.nc1 thoy mix 011 

• the old system (? Why don't they adopt the new French system), Mr, Bailey said last 
" , time he preferred wet. ~t would be well to adopt one or the other." 
. , Inspcctiun ~f 18th February I8BO (p. 8). -" Thoy mix with a b1'11sh and sievo, and 

. with a screen (I have before suggested the Woolwich 01' rather the Frcl1ch system; 
and I repeated suggestion)." 
Inspection of 28th 8eptmnbeT 1891 (.p. 8).-" 'rhey mix with a brush and sieve, and' 
with a screen (we have frequently suggested }Voolwich mixing. No 

,;- , need to press it further) ." 
~. Inspection of 16th Dece?nbrw 1892 (p . 14).--·" Tbey mix with a brush and sieve and 
, I a scrcon, (We have repoatedly recommended the jen y hag system, but hitherto 

II wit',hout effect. So it is no use going on repeating it. The risk and responsibility 
are theirs.") 
I also at Tpy inspection of 28th August 1886, expl'cssed a strongly llnfavo1ll'ablo 

1;1. '-1 W of their part,iolllal' mothOtlB of mi x ing', n, tho foll owi ll g' quotntion frolll lily JlotCB 
: will sho \1'. 

! "I don' t like tho sieve system of mixillg, and it brings t.ho man's hanc1 over tIlo 
tufT', t hough the screon protocts his boay, but llOt his faue, which also would be rather 

'.:.'ov r i t. Said so to Mr. Hanbnr,Y." 
It is L1ifficnlt to sec how wo cn tll (l have g ono 11111CI1 flll' thcl' thrln wo Jid 10 ]lrocuro 

J' i/le condemnat,ioll of tho Elx isLillg sJstom, Ilwl tho adoption of the safor jolly bag 
~nethoJ, for the cas~ W<loR 0110 ill which it is very do ub Lf ul if wo should havo boen 

\~jus~if:ied in bringing s,ection 56,into play, * seeing that Messrs. Joyce's system was one 
'whJCh had heen long 111 voguo JJ er e and el sewher~, ana that, although attended as wo 
bink with considerably more ri~k to the opern.tor than the j elly bag system, it had 

't not given rise to any very largo number of Dccidcnts.t and, further, that only one man 
, WllS engaged, and he, as it was unuerstooc1, was not anxiolls for a change. 
. Indeed, the present manager of tbe factory (Mr. Oourt,man) bases bis non-ad option 

1)£ the jelly bag system on Burton's distinct unwj}]ingness to employ it. MI'. Oourtman 
:,'1!lade the following statement to me on this subject: "I had a conversation with him" 
,,' (Burton) "a.bout three years ag o, il;t whi.ell I j?-tin~ated tha~ it -.;~ould p~obably be sa fer 

I if t.he work was done by a macllll10 (J. had 111 VIew the sort of machllle they use at 
l Woolwich), and hi s roply was Lo the e1fect that he would mther do it by hand, as he 

~' If had Lad experience of macb.ine::l at the gunpowder factory, and felt safer doing it by 

li ,..j If ;11 1111)' lll':tI!('I' (which i~ not. prol'iti l'd {'or I,,\' lIny expl'c~s lll'ol'i"ion or tiJis Act.) 1111 in sjJl'\:LOl' fillll allY 
'lr, i~ct ol'y , nWg'lll,i nr, 01' storo for nn ex p1o~ i\'l' , 0 1' ll lly part t hcrc'o f, or lilly thin g 01' pl'llc ticc thel'cin, OJ' COlIllCl'kd 
~ hcl'e lVil .h \.(1 bo III111Cl'('SSJlJ'iiy dllllg'OI' LlnH OJ' dofl 'lltil'l', SO liS ill his opillion tu tOJJd t() clldl\lIgnl' th o puulic f'l1rct.y 

r the bod ily "at'et.y ,d' a llY IH'I'SOl1, ~ JI (' h in"pl!l' t() 1' IIU1Y I'eqllire the oecllpim' or sueh factory, mag:t:'.inc, 01' st.OI'!! 
, to l'ollH'rly the ~llI llc . " (:Soc,tioll 5G.) 

'" Sinl'!! the Act, en me into opomtioll w .\ have had cogni,mllec of OJdy six aecidonts in mi xin~, alld 01' th eso 
' !\I' ~ WOI'O with tho j elly bag (witho ut. per~o lltll injury), t.wo were in til(; rrocc~s oi wet mixillg, alld two ollicJS 
In the dr," llIixillg ItS practised un thi :; o('cll sion , yiz. ; nne at thc ~'drw facto ry Oil l 'l th October l R78, whclJ 

, )jr. JO)'Cl' WlI S killml (:'I'e Annlla l Bel'ol' t 1~7~. p. (i~i ), :lIll1 OlllJ ' I.L (;rcn ft' li alld Acdl'H ()JI ~211d ,July J H ll~, 
\yhl,n uue Hlall \\,Il ~ iujul'I'd (A II II lI:d t:"flo 1'1' l ~U :?, p. HO). Thl'I'(\ WCl'll 111 :-;0 1I('l' id l'll t~ in llIi.\ill g' bef()re UJiH 

~ Act. ealllH i ll w force, 
II 7979 9 . H 
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"hand. I explained to him the machine in general terms, and that the operator would 
" be at a distance. He positi vely refused to work a machine, and said jf it was adopted 
" he would not work it.". The subject was not renewed . ~ 

What were Burton's reasons for opposing himself to the adoption C~' the jelly bal7 
system I do not know, but it is fall' t o him to remark t hat we 1iave found the same 
disinclination to adopt this system elsewhere, and it has sometimes proved difficult, and 
eVe!1 impossible, . ~o. o~el'c?me it except by substituting a ne~y ~perator. I can quite 
unllerstand the dlSlnchnatlOn of the manager a,t Messrs. Joyce 8 to proceed to thi 
oxtremity, though in view of t.he Ul:fol'tunate even t now und~r not~ce ~t is greatly to 
be regrett.ed that he allowed 11lIDself to be swa,yad by B urtoll 's Ob]ectlOl1S, resting so 
far ail he knew, on no solid grounds . ' 

I may add that Mr. Courtman has intimated to me that he will not think of resumin 
the 010 system, but will adopt the jelly bag system forthwith. And I shall feel it my 
duty to put such pressure on ally manufacturers as have not already adopted the jelly 
bag system as will, I hope, lead to its universal adoption. 

1'ho system is as follows :-Tho ingrodionts a,ru mixed in a conica,l silk ba,g, which is 
suspended from an india-rubber ring' inside a semicircular wrought il'on screen , A cord 
is attached to the bottom of the bag, and, passing up through tho top, is fastened lio tho 
end of a, lever which is pivotted at the top of tho screen. ',the opera,tor is entirely pro~ 
tected by the soreen and effect s tho mixing by working the levor up and down. ,To 
assist the mixing india-rubber washers are strung on the cord. The details of tbe 
arrangement are shown in the accompanying drawing. 

That it possessos the merits of safety ascribed to it is indicated by tho fact t,hat so far 
as we know two explosions ouly have occurred 'with it in tbis country, and both of them 
unattended with persollfLl injury of any description. 

The cases are a,s follows :-
(1.) At Messrs . Kynoch's J!'actory at VVitton, nelL?' Bi1'mingham, on 19th August 1891 

(Accident 79/1891 ).-Our Annual Report gives the following particulars of this :_ 
" ~'h.e ono caso, 1879, w~s.an ~ccident at Mes~rs. Kyno?h'~ f.actory during the operation 

of 11llXmg tho cap composltlOn 111 one of the '.lolly bag mlxmg arrangements whioh arc: 
used in the Royal Labol'atory, Woolwich (the idea h~Lving been borrowed from Fra.nce) 
a,lld which are now ( very prudently) a,dopted ill 80me cases by private manufactur rs: 
'.chis .is.the fil'~t accid,ent, so far as we. ar~ awa~'e, that h~s ever occurred. with this system 
of llJlXmg, a fact 'whwh speaks well ~Ol' Its safety; whIle the further mr?umstance, that 
although a,bout sev~n ounce,s o.f fulmmate explod~d t~e .o~erator wa~ entIrely uninjur d. 
testifies to the effimency of t ile arrangements for hmltmg the effects of an acoidell~ 
should one unfol'tunately occur." 

(:2. ) At the Royal Labomto1'Y, Woolwich, on the 5th July.-In this case we w)'ote n. 
follows :-

" An explosion occurred at the Roya,l Lf1bomtory on the 5th July during Lhe mixin 
of some dotOl.tating composition, wili.eh l~so~l~l l y illustra,te~ ~he value of the precaution~w~ 
measures whlch have been adopted fo), hmltmg and 10calJsmg the effects of an acciden~ 
of this sort, and the suita,bility of thu machino which has been introduced for the pur: 
pose. Tho machine ,:a,s"of wha~ is k~own as t~e. ' jolly-bag' type (ad~pted originally 
from a sJste~ used m l! rance) m ,:,rhwh the ll1Ixmg wa,s effected (be.hmd a screen) by 
~lean~ of a st~'mg a~tached to the pomt~~ lower. en~ o.f ~ bag resemb~mg a ' jelly bag: 
1Il WhlOh the mgI'~dleIlts I)f ~he composltlO~ :VlllC~ It IS ll~tended to mlx are placed. B 
raising andlowermg the strmg the composltIOn IS kept 111 movement and turned oV'e;' 
fl,11l1 over, the operation being assisted in some cases by small discs of india-rubber on 
t he stl'ings under tho bag, u.n~ in ot~eI' cases by little india-rubber balls in the bag. 'J~hi' 
clasg of app.ar~Lua has been In nso In the Royal Laboratory for several yoars, n.od th. 
tiltlno, or a slm]br al'l'angement, has now very prudently been adopted in some of h 
private factories, as for example, at N ob0l's Explosives Factory at Polmont and ~ 
Messrs. Kynoch a,nd Oo.'s Factory ncar vVitton, and at t he latter place an e~ploei~ 
(N~. 79/1891 ) ~ccurr:ed in 0r:e of their m.achines in 18~ 1, ,>thjch, .like the one now unde! 
notIce, .was chIefly mteres.tmg as showm~' ~he e.ffectlVeness of the a7'~'angement for 
prevontmg porsonal (or Sel'IOUS structural) lllJury III the event of an aCCldent.":;: 

;A-s these, so far as w~ aro aware, n.re the ~lll.y t wo acciden~s whi ch have Occurred with 
tIllS apparatns, .,_._.1 118. III both cases the effectIveness of thIS arrangement for l1mitir ' 
the effeot;~wa!:! ItHlply detu(.ll1stmtcd, we trust that in time tho use of such a machillHt~~ ;::;. __ ______ . ___________________ . __ . __________ ._ . or 
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mixing deton,uting composition, instead of the old-fashioned and extremely dangerous 
met,hod of mixing by hand, will ere long become general. 

(3.) But tk arrangement by which a bottle containing a quantity of completed M inor SU~. 
composition mAy be left standing on the floor while more composition is being mixed ~e;t,l.ouS ~~l' 
• 1, ' 1 'I 1 I l ' 1 1 . f . 1 ~ 1, cl . bI ~lLICl can) -1::; OuV10US y not a gOOl ono; nne . t.un ( t )nt 1Tl lltlll'O It WOll Cl uO esu'a 0- , illgon of 

1st, that the bottles to be employed should contain no more than one mixing (i.e ., bU 5jn\l~6 . 
from 15 ozs. to 22 ozs., as the case may be); and 

2nd, that if it be impracticable to convey away each mixing as it is completed, 
that. such mixing should be deposited in a shelter cupboard external to the building, 
and by preference detached therefrom .· 

'rhe manager bas intimated to me that he will be prepared to auopt these rmgges· 
tions, and the necessary alterations will be made on the license accordingly. 

I have, &0. 
(Signed) V. D. MAJENDIE, Oolonel, 

H.M. Ohief Inspector of Explos ives. 

P.S.-While this Report has been in progress I have also attended (on 2nu January, 
18D4) the Inquest held at Oheshunt by Mr. Swol'der, coronor fo r Hertror(lshire, on the 
body of Burton. 

~rb.e verdict arrived at was : That deceased died of injuries received from two 
accidental explosions at the mixing house of Messrs. Joyce's factory; and the jury 
think that the Home Secretl1ry should make the adoption of the machinory recom
mended by Oolonel Majendie compulsory. 

I nlso attended (on 24th January, 1894) the Inquest held at tho Elim Hall, 
1'ottellham, by Mr. A. Hodgkinson, deputy coroner for East Middlosex, Oll the body 
of Bird. 

The verdict arrived at was: 'fhat deceased died from shock and inj ul'ies received 
from n,n explosion at Messrs. Joyce & 00.'8 (Ltd.) Ammunitjoll Factories , Waltham 
A bbey, from accidental causes. 

V.D.M. 


