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FOREWORD 

Three hundred years ' of the science and art of the manufacture of explosives is related 

In thIs short hIstory of the Royal Gunpowder Factory at Waltham Abbey. The author outlines 

the techq+cal development of the factory throughout the centuries to meet the changing 

requIrements tor mIlItary explosives of novel natures. ~otatIons and extracts from · 

relevant pubUcatIons and early factory documents are used to give InterestIng gl1mpses of 

the changing socIal and IndustrIal relatIonshIps. 

Considerable research into. ancIent records and local lore has been made by the author 

In hIs efforts to aChI~ve hIstorIcal accuracy and he has presented hIs findings In a manner 

which makes thIs a 'tactual, InterestIng and very readable hIstory or the Royal Gunpowder 

Factory. 

Northumberland House, W.C.2. 
April, 1963. 

R. RATCLIFFE 
Controller, 

Royal Ordnance FactorIes 
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AUTHOR'S PHEFi\CE 

The Royal Gunpowder Factory at Waltham Abbey is an Institution which holds a unique place 
in the hearts of all those who have ever worked there - It was therefore with great pleasure 
and even more diffidence that I accepted an invitation from Dr. Bowden, then Director of 
Ordnance Factories Explosives to compile its history. 

The work was very slow and much interrupted by o~her duties. lt has involved the read
ing of a mass of lette~ books and other documents removed from Waltham Abbey as well as other 
relevant documents. The writer has been greatly helped and encouraged by the interest and 
understanding shown by the many people on whose time and patience he has trespassed. It is 
perhaps, invidious, to mention individuals among ·so many helpers but I feel it essential to 
put on record my debt to Mr. T. H. Barry, who first catalogued the mass of documents . removed 
from Waltham and now in the Public Record Office, Mr. Elliot L. Blee, Danger Building Officer 
at Waltham during two Wars, who made a valuable collection of notes on the first 20 years or 
so of Waltham's existence as a Government Factory, Mr. J. F. Lawrence, of Bridgwater, whose 
. • I 

skill as a Palaeographer has helped so. ~uch to elucidate the mysteries of the much quoted 
Elizabethan documents, and Mr. B. R. Pearn of the Foreign Office, formerly Professor of History 
at Rangoon university, whose· helpful criticism has done so much to keep this history on the 
right lines. Finally I must acknowledge the encouragement and help received from many 
libraries and librarians, {rom Mr. W. R. Powell, the Editor of the new edition of the Victoria 
County History of Essex and from Dr. C. H. Johnson, C.B.E., the SUperintendent of the present 
Research Establishment at Waltham Abbey. 

f'I. H. Simmon~, M. B. E., F. R. I. C. 
Bridgwater 

nA lIlill for making of gunpowder's there, 

And water. flows amazing and more rare; 

Which from a model on river's took 

Of worthy Walton's works; (whose soul can't brooke 

With thing that's mean; but like a generous heart 

Encourages all learning, honesty, and art)" 

vll 

"PHILOTECHNOS" 
(A local poet, 1735) 
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CIlAPTER I 

THE EARLY DAYS OF THE ROYAL GUNPOWDER FACTORY 

The history of the Waltham Abbey Powder Mills, later knOMl as the Royal Gunpowder Factory, 
forms a major chapter in the history of explosives manufacture in England. Waltham was runong 
the earliest powder factories, and it continued its existence as an explosives factory for 
three hundred years. The date at Which its operations commenced Is not kno~m with any 
certainty, but in 1662 it had already been in operation for some years. The early his~ory of 
the factory is obscure, and most writers on the subject have drawn extensively on the first 
attempt at a comprehensive account of its origin and growtll, namely, Winters' · I Centenary 
Memorial I , (Ref. 1) published in 1887, one hundred years after the establislooent had been 
taken over by the Government. 

Winters was an interesting character who worked in his youth in the factory itself and 
later bec&~e a bookseller and Pastor of the Particular Baptists' Ebenezer Chapel in the to~n 

of Walth&~. He wrote a number of books, mainly of local historical or religious interest, 
which he published himself. In his Centenary Memorial he gives a mass of historical informa-
tion compiled from the records of the factory, to which he seems to have had free access, and 
from manuscript sources in the PUblic Record Office and the British l'luseum. 

Most of the few accounts of the history of the factory which have since appeared quote 
freely from Winters. In particular the article in the 'Victoria County History of Essex' 
(1907), written by Colonel F. L. Nathan, (Ref. 2) then SUperintendent of the Factory, follows 
Winters very closely: Nath~ mentions in a footnote that much interesting though wholly un
digested information is to be found in Winters l book, and certainly Hinters vias a ;nost 
diligent historian to whom the present writer is greatly indebted. His work nevertheless 
needs to be treated wi th caution: his judgment was not always free from t;>ias, and he ,'/as 
inclined to make categorical statements without stating the evidence on which he based them. 
For exanple, he states baldly that John Walton, who owned the factory in 1735, was a relative 
of Isaac Walton, 'the celebrated Angler;' yet in the brief genealogy of John Walton, tall:.en 
from the Parish Registers, which his book contains, there is no mention of Isaac Walton and no 
indication of any connexion between his family and that of John Halton. 

When, therefore, Winters asserts that · the Waltham factory existed at least as early as 
the time of Elizabeth I, his statement cannot be accepted without ·confirmation. Certainly 
the secret of the manufacture of gunpowder originally the only product of the factory, ha.d 
been known in England long before that time. Roger Bacon wrote his famous account of it as 
early as 12A2, though he concealed the details cryptically because, as he explains, he firmly 
believed scientifIc knowledge to be hurtful to the people: 'the Crowd,' he says, 'is unable 
to digest scIentific facts, which it scorns and misuses to its own detriment and that of the 
wise. Let not pearls, then, be thrown before swine.' So effective was his cypher that it 
was not t1l1 1904 that a clear render1ng of the important passage was given by Colonel 
W. H. Hime, (Ref. 3). Despite Bacon's knowledge of the process too, it was not till a 
hundred years after his time that any trace can be found of the purchase in England of the 
materials needed for gunpowder manufacture. Then, in 1346, the accounts of John Cook, the 
Clerk of Edward Ill's Great Wardrobe, show that 912 Ibs. of saltpetre and 886 lbs. of quick 
sulphur were supplied to the King for his guns. (Ref. 4). 

Other small purchases are recorded in the ensu1ng tl'IO hundred years, but such manufacture 
as there may have been in th1s country seems to have been on a very small scale, and most of 
the gunpowder that was used was imported. During the reign of Elizabeth I t.he gravity of 
this situation, in view of the threatening aspect of the country's .foreign relatIons, began 
to be perceived, and 1560 Gresham wrote to cecH saying that in vie,'1 of 'the great scarssite 
of powdyr that ys here to be hade, the Quene's Majestie should do well to mac!w out of hands, 
Iiij or vi milles for the macking of powdre for the servise of her Highness' turne, if the 
warres contynew, or this breach of amy tie should chance tet't/ixt her 11ajestie and King Philipe ' 

(Ref. 5). 
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By th1s time, it is known, at least one gW1polt,der factory was in existence, though not at 
Waltham, for in 1554/5 Henry Lee (Ref. 6) was accused of having erected a gunpowder mill at 
Rotherh1 the on land to which he had no t1 tle. This was apparently the m1ll referred to by 
Thomas Lee In 1533, (Ref. 7) who clalmed that he and his faWer had made gunpowder there for 
twenty years, though they had had no proper lease in spite of a request from Henry VIII in 
1536 to the Abbot of Bermondsey, the owner of the land, to make out a lease for them. 

Whether, however, as Winters claims, there was at that period a factory at Waltham is open 
to doubt. He says categorically that 'The Waltham Works are the oldest of the kind in 
England. They were in existence in 1560, but how long before that time it is difficult to 
say,' and his view has been generally accepted by later writers without, it would seem, any 
serious attempt at confirmation. Thus in the 'Victoria Country History of Essex', Nathan 
likewise says that 'The earliest English Powder Mill of any consequence was, without doubt 
(notwithstanding statements sometimes made to the contrary), that situated in the valley of 
the River Lea; in the south west corner of Essex'. 

Both · these writers adduce as evidence a number of references in State Papers to a contract 
for the supply of saltpetre, sulphur and bowstaves to the Government; some of this corres
pondence'is addressed to John Thomworth at Waltham Abbey, and both writers seem to have 
assumed ' that Thomworth was the owner or manager of a powder mill there.* Certainly Thomworth 
was the executor of Lady Denny, (Ref. 8) whose husband Sir Anthony Denny, had been granted the 
Abbey lands by Henry VIII at the Dissolution, and certainly the factory was built on l~d that 
formerly belonged to the Abbey, but Thomworth had other interests, not connected with Waltham. 
He was one of the chief Grooms of the Privy. Chamber to Queen Elizabeth (Ref. 9), and it seems 
probable that he was concerned with the contract in an official capacity on behalf of the Queen 
and not on his own account and that, therefore, the contract had no relation to Waltham. This 
supposition is confirmed by the terms of the contract itself, for it provides for the supply of 
sulphur, saltpetre and bow-staves, which last though still at that time an important munition 
of war, could not possibly be needed in a gW1powder factory. Winters attempts to overcome 
this obstacle to his theory by speaking of 'bow-staves for barrels' but reference to the 
original contract (Ref. 10) disproves his thesis. The contract reads as follows: 

"The Stranger Mark Antonio is agreed to deliver theas parcelles following at 

suche pryces as are mencyond wythe theis particulars following viz:-

'FYrst 'bow-staves of good stuff and not hollow, of the leynght Of vj foote and 

hallf at the lest at ix li to the C. Itm. vj m. bowes redy made and doble 

ceasoned savying the hornying at xiij li. XS. the C. 

'Itm. the saltpeter of Naples so it be of lyke goodnes to the sample herwyth to 

be shewed at iij li. v. s. the C. 

, Itm the brymstone so it be of lyke goodnes to the sample herewythe to be shewyd 

at xiij s the C. " 

It is, to say the least, improbable that so elaborate a specification would have been 
prescribed for staves for barrels whereas it would be normal in respect of the supply of bows. 
Up to the very end of the sixteenth century the long bow remained the most important hand 
weapon; little vlood suitable for bow-staves grew in England, however, and staves were 
normally imported at prices which, indeed, put them beyond the reach of the average man and 
made Government purchase unavoidable. pulling on an average 100 lbs., the war bow wab bix 
feet long and usually self-nocked; i.e. the notches for the string, at top and bottom, were 
integral parts of the bow itself. F'ancier bows had horn or ivory nocks fastened to the ends 
of the bow limbs (Ref. 11), and this is probably what is meant by 'hornyng' in the contract. 

* This theory appears to originate in a brief note to the sarne effect in F. 11. Smith's 

"Handbook of the 11anufacture of Gunpowder" (1870). 
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On n18 { .'.CO o [ it , Ch I s contract fo r cxpen".l.ve bOI'l s t ave<1 , clel)pIte I~he conjuncti on of [;alt-
petre 3.i: .3 01'1111::; t one , cat.:,cc be t a\ccn as ev idence that tll e staves were to be used [or m3.ic1nt; 
barrels [or the s toraGe o f Glmpowder, a purpose for which f ar less cos tly timbe r could have 
been used and fo r wh ich 6 ' 6 " leng ths I-lQuld have been quIte ridiculous . Thus t.11el'C I s 
nothin~ 1;1 Thomworth' s contract to show that gunpowder Has being made at \.Jaltha.ll at tlw tIme 
sugeested. 

Win te r also adduces , ap)aren tly in con firmation of his theory of the early origin of the 
factory, Che legend that she remains of the old central tower of the Abbey Church at Waltham 
were blo',m up by gunpo'dder in 1556. The gr eat Abbey Church at Hal tham Holy Cross a.nd 
St. Laursnce, built by KIng Harold, was at the time of the Re form ation one of the larges t and 
most beat:t;1[ul churches in the country. Henry VIII intended to turn It into a Cathedral, 
(Ref. 12) . It INas not until 1540 that the Abbey was di ssolved, tile l ast. in the country to 
suffer t~l s rate . After that, demolit1on of the monastic buildings and part of the cllUrch 
eas t o f ~. ;'e central tower was commenced, and this evidently weakened the structure of the 
to \'Ie r itself. So, accord ing to Strype (Ref. 13), 'on February 9, 1552, between 7 and 8 of 
the cloc;·: in the evenin;;, the great steeple of Waltham Abbey in Essex, fell dO'Nn to the 
gr ound, 2::d all the great bells, and the choir, and much of that stately cllUrch demolished 
'tIlth it.' Not all the clmrch collapsed, however, for the part west of the central tower, 
known as Harold 's Nave, \'1hich had always been used by the people, stands today as tile Parish 
Church wi;;h a new tower, built in 1556-58, at the west end. 

Evi dently the collapse left the r emaining part of the tower in a dangerous condition !'lnd 
it was necessary to demolish it, this being done, in 1556. Whether, hOlvever, gunpowder was 
used in the demolition is another matter. Winters does not give any sourc e for his state
ment., but it seems likely that he drew on Farmer's 'History of the Town and Abbey of Waltham,' 
(Ref. 14) published in 1735, which gives the follovling extract from th e Churchwardens' 
Accounts, copied from F\;ller's "History of Waltham Abbey" (1655): 

'Anno 1556 11ari ae 3 • Imprimis, for coals to undermin e a pie ce of tite :';[".8(,; le 

.,.,hich st.ood after the first fa1.1, tvlO shillings.' 

Farmer gOes on to explain that 'the steeple formerly stood in the middle of the church, nOl', 
at the Ea·'3t end of the Church, and, being ruined past possibility of repair fell down of 
itself, only a remaining part was blown up by miners. ' But the reference in the Church-
warden'S Accounts to the purchase of coal for the underminers indicates that Farmer and pre
sumably Hinters after him, misunderstood the matter, for the use of coal shows that the 
underminers acted in the normal way by first using .timbers to shore up the foundations and 
afterwards. s e tting fire t·] them. Unfortunately the volume of the Churchwarden's Accounts - ,-- .. -
containing thIs referenc e is no longer extant, so that it is not possible to confirm with 
certainty that there Is no mention of 'blowing up' in them; but i556 would have be en a 
remarkably early date for the use of €,'UI1powder for demolition work. Indeed Guttmann in his 
book on Blasting* stated that for three centuries after its invention (according to him 13 10-
1320), t he sole use of ~powder was in firearms. He says that the first recorded use of 
gunpowder for throwing dO'fm rock in mining work was made by ~aspar Weindl at Schemni tz in 
Hungary In 1627. In spite of the fact that an illustra tion, dated i570, in the same 
Author's ' l10numenta Pulveris Pyrl1 , clearly shows a tower in a besieged fortress being blO\·m 
up, it see;;1S improbable t.ha t Gunpowder was 1.:sed for civil demolltion wori( a t this period and 
that therefore Winters' sc;atement that gunpowder \-las used to blolv up the Tower lvaS mistaken. 

The SC3.tement so ot' c6n made that Waltham started operations In the middle of the 16th 
Century th1.:s lacks confimation. There are other cla imants to a similar 9Iltiqui ty. Hart, 
who vIas a 71e:nber of the s::a ff of the Public Record Office , wrote in 1855 (Ref. 4) that' the 
first estab lishment of Gt:.::powder Mills, of any importance, appears to l18.ve been at Long 
Di tton in Surrey, by Geor:se Evelyn, Grandf a ther of the celebrated S1r John Evelyn. He also 
had mills 2.;; Leigh Place :", ear Godstone In the salile County. T11e mills at [i'ave rsham tn Kent 
were in operat ion as far tack as the time of Elizabeth, bu t we cmllot s ay I-/h1cl1 actu ally l1ad 
precedence. ' 

* "El 2.s t1n g" by Osc::.:, Gut tmann . London: Chas . Griffin & Co ., Ltd. 1906 . 
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A footnote by Jolm ,E:velyn at the beginnIng of his diary says "The r es te of my unkles and 
Aunts, surviving, had considerable estat.es left. and settled upon them, whereof one was John of 
Godstone, sole mast er of the POI'lder Horks, of whIch my Gr. F'ather had a pat.tent, derived I 
think from my Gre a t Gr. F'ather, VlllO is said to be the first who brought that invention into 
England out of Flanders, from whence and from Genoa we bought powder ·at excessive rates. And 
this manufac ture continued in the above named family uri til the Civil Hal's and late Rebelllon; 
when it was taken from it and made a droug by several undertakers. " 

As E:velyn was born in 1620 and his diary records events frolll 1641 onwards thi s lends colour 
to the supposi tion that Evelyn's mills started at a very early date, and a chronological table 
in "The Rise and Progress of the British Explosives Industry" (Ref. i5) asserts that Evelyn's 
Mills were started about 1561. It i s a lso stated in this book, runong some notes contrIbuted by 
private explosives manufacturIng firms, that the factory at Chilworth in Surrey i s supposed to 
have started In 1570, and that the mIll at F'aversham was, if not the oldest In the Country, at 
any rate the second oldes t. 

It seems to be clear that even If any of these mills actually started operations In the 
middle of the 16th century they very soon ceased again, for in 1575, F'rancis Lee, who was then 
owner of the Rotherhithe Mills previously mentioned and one of the four Master Gunners in the 
Tower of London, in words that go far towards clarifying the position at that time peti tioned 
the Privy Council for permission to import saltpetre and restart the manufacture of gunpowder 
(Ref. 16). Althot:gh we have not succeeded in tracing any reply to this petition and after the 
date of it no more is heard Of Lee or of the Rotherhithe mill \ole feel it is worth QUoting in full. 

"To the Lords and others of the (peen's most honourable Privy Council, FranciS Lee, 
gunpowder maker, wisheth all health and felicity. 

"1 Samuel. Chap. 13. Verse 19. "There was no Smith found throughout the land of 
Israel lest the Hebrews should make them swords and spears". 

"SO now no powder inade for her Highness in England, but provision made out of foreIgn 
parts as of late from Barbary, Hamburg and Antwerp which provisions in the time of the 
Duke D'Alva were cut off. 

"In which extremity your petitioner did make 100 lasts * of powder from sal tpetre 
gathered in this realm to the profit of her Highness for he delivered SerpentIne at 8d a 
pound and corn powder at 9d which was £40 :a last cheaper than .the fo~eign provision - Yet 
it is now thought by Her Highness and Council better to pay £10 more a last for foreign 
provisions than to have her subjects houses digged - Whereupon groweth this furthe.r incon
venience that they send over powder made of unrefined saltpetre which at first appears 
very good but soon appears moist and fllthy to the loss of the money laid forth and dIs-:
appointi;~ent of her MaJesty's affairs. 

"ThIs may be avoided by the provision of saltpetre from overseas which can be stored 
and turned into gunpowder when necessary, in this way avoiding the rIsks of fire, lightn
ing and other mishaps (which God forbid), for a fire of saltpetre may be put out, whereas 
a spark in Gunpowder overwhelmeth all. 

"Whereas it is alleged that Her Majesty might suffer great loss by the running out or 
wasting of saltpetre if it were stored, the truth is that losses of this kind which have 

'I: ,, -

happened have only been by W&~t of skill in him that made choice thereof - One skilful man 
can preserve the petre and deliver powder I-/eight for weight and as cheap as the saltpetre 
is bought and then Her Majesty shall be furnished with good stuff and shortage, danger and 
digging avoided. 

"In proof 'tJl1ereof and in recompen se for the £4.000 saved In the making of the 100 
lasts above mentIoned your petitioner desireth that he may be licensed to make provision 
of 2[) or 30 lasts Of saltpetre yearly from overseas till he shall have brought In 100 
lasts to s et himself and his factory to worle as he has no other trade, free or lIving. 
The pric e of the powder shall be but 10d a pound which Is the ~eneral price for all 
pOI-Kler brougl1 t In by the rnercnan ts. 

* A "last " ~IaS a unit of welG;1t which varIed ac c ordin~ to the district and the ma terial s , 
but In the case Of glmpoltlder \'las usually 2400 lb s . 
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"'iour pet! t.i oner prayeth tha t if any obj ection be raise(! Rf,ainst [11m ile may t' e 
tl'ie ,j toucll1ng skill, ant Iqulty, worlcmansh.tp and pri ce by ' the accounts Of your 1[,,- .1 O[:!ty r .. :, 

pro'r131on whereIn H shall be fOW1d tllO.t for the last fifty years your petItioners 
father , brother cmd il imself have been the greatest (1ealers therein and no man In 2.11 that 
time has mad e better stuff nor served her Majesty so cheap. 

"He humbly prayeth also that thIs trial may be made as he has no other trade and he 
is possessed 0 f impl er,1'.;n ts for the purpose which have cos t much money and shall 0 tl18I'1,ls8 
stand hIm In no stec.(! as also and chiefly because all fa1th, servIce and duty to Her 
Maj esty and hIs nati ','8 country to botll of which he shall 11erein do acceptable service," 

Tile r e ference to the Queen's objectIon to having her subjects houses Iidigged for salt
petre ll I s one of the earliest mentIons of the much disliked activ1ties of the saltpetre men. 
In the early part of the s ixteenth century gunpowder manufacture 14as begInnIng to becam'.') 
IncreasL"l;;ly important 2...t1(l the supplies of saltpetre, never abundant, more and more difficult., 

Saltpetre is formed by the decompos1tlon of animal and vegetable matters uncler suitable 
conditIons , and it forms an efflorescence on the grow1d. In cowltries warm enough to 
accele!'2.te the decomposition and havIng long and regular dry seasons, sufficient material CDn 

accumulate to malce its collection worth while; thus North Africa, India andC111na \Vere for 
long the principal producers; but as every country needed a sufficient supply in time of \{ar, 
Governmen ts encouraged its production under less suitable cond1tions. In England the \'i01'1ce["8 
used the earth of stables, sheep pens, cellars and pigeons houses, and the plaster and n,bb .t s ll 
produced \'/11en houses were pulled down. 
stored in well ventilated heaps in barns 
watered w1th urine and stable drainings. 
and extracted wIth water. 

Earth mixed with such materials, ashes and 11me Vias 

where it was turned over from time to time and 
The nitrate so formed was scraped off the surface 

Evel:m's claim that his ancestor had been the first to bring "that inventlon" · (~un;:,o':id'::,'1 

to England from Flanders probably refers to large scale manufacture for, as already m,m
tioned, some powder was made here in the 14th century, and in 1515 Ha'1s Holf \'/~S appol r:.':cd t.c 
be one of the King's POvlder l'lakers at the Tower and nto go from shire to shIre to find S':lif f 

to make saltpetre of, where he and his labourers shall labour, dig or break in al1Y grolln·:l ll , 

and in 153i Thomas Lee, one of the King's gunners, was apPOinted principal searcher and maker 
of gunpowder. Continuing shortages made it necessary to grant licenses to certain individuals 
giving them speCial privileges in specified areas which enabled them to dig up the floors of 
stables, dovecotes and eve.:l dvlell1ng houses as they thought fit, and without compensation to 
the owners, and to demand 'daggons to carry the material from place to place as required, at 
the rate of 4d. per mile fJr a load of one ton. 

These very ,.,ride privileges were, very naturally, grossly abused. Both Hart (ReL '1) 

and flRise and Progress" (?,ef. 15) quote interesting examples showing the \-'Iidespreacl dIs-
content thus caused whIch continued ·for many years. Even in 1630 a complaint viaS made to the 
Lords of the Admiralty that two saltpetre men had been digging In all places Itlithout distinc
tion, as in parlours, bedchambers, threshing and malting floors, and even in churches; 'they 
respect not times, digging in the breeding time in dove houses whereby the flight of doves are 
destroyed, and in mal ting houses when green malt is upon the floor'. 

In 1589 Queen Elizabeth granted the Evelyn family a monopoly for gathering and Horting 
saltpetre for the whole of the South of England and the midlands except the Ci ty of Londor l , and 
this saltpetre was to be made into gunpowder for the Queen's service. 

None of the drastic r.:easures talcen seem to have produced satisfactory resul ts, for com-
plaints of the shortage of pOvlder recurred. In i607 the patent viaS transferred to tIle Earl 
of Worcester, \"Ihose efforts appear to have been successful, since in 1610 the store I'Ia3 so 
replenished that he was licensed to transport 'to such parts beyond seas that are in ::L111 t.y 
with us' any surplus not required in the King's stores. In 1620 Worcester relin quisl1 Gd 111s 
patent and Evelyn came into the picture again; but by 16.27 the Earl of Totnes , llaster or Ute 
ordnance, It/as complaining that the office was never so weak In polt/der as nm". The fact.. U-,at 
Evelyn was protes ting at fr equen t intervals about difficulty in obtaIning payment for the 

i 



Do~~d er he hact sllpplied to th e Kll1t:; lIlay 11:1.Ve llad some bearIn g on the sllorta2:e , but 1 t. was also 
due in some part to the dIffIculty in obtaInIng saltpetre for, owIn~ to the contInued dIs
orderly conduct of the saltpetre men, 'all men enGeavoured to destroy the generatIon of salt
petre within their possessIon'. (Ref. 17). 

DurIng the seventeenth century, following on the comnencement of saltpetre importation 
and gunpowder manufacture by the East India Company * in i626 and the abolition of the 
monopolies of saltpetre and gunpoWder In 1641, powder mills seem to have been erected In many 
parts of the country, and when the Company's charter was renewed In 1693 it was stIpulated 
that there should be an annual provision of 500 tons to the Ordnance (Ref. 18). 

It is not until 1662 that we have fOlmd any definite record of the Waltham Abbey Factory. 
In that year FUller (Ref. i9) who had become perpetual curate of the Abbey in 1648 wrote as 
follows: 

"Gunpowder:- Why hereof in this rather than in other Counties? Because more made by 
mills of late erected on the river Ley, betwix Waltham and London, than in all England 
besides. It consisteth of three essential ingredients:-

1. Brimstone, whose office is to catch fire and flame of a sudden and convey it to the 
other twe. 

2. Charcoal pulverised, which continueth the fire and quencheth the flame, which otherwise 
would consume the strenf,th thereof. 

3. Salt-petre, which causeth a windy exhalation and driveth forth the bullet. 

This gunpowder is the emblem of politic revenge for it biteth first and barketh after
wardS, the bullet being at the mark before the report is heard; so that it maketh a noise 
not by way of warning but triumph. It is questionable whether the making of gunpowder be 
more profitable or more dangerous. The mills in my parish have been five times blown up 
within seven years, but, blessed be God, without the loss of anyone man's life". 

The quotation is the first clear and definite record of powder mills at Waltham. It 
seems to indicate that the mills were started about 1650, for if the mills had existed prior 
to his own time, FUller would surely have mentioned the point. It is also significant that 
the first deaths from an eXDlosion at the powder mi~lq recorded in the register of burials of 
the parish of Waltham Holy Cross occur in October 1665, as follows:-

"Tho. Gutridge, killed wI th a powder mill, ye 4 day: 

Edward Simons, carpenter, so killed, ye 5 day". 

The absence of earlier references to such catastrophes lends colour to the view that the" 
starting date of the mills was about 1650, for had the mills been in operation during the 
previous hundred years there must surely have been other deaths from the same cause, though 
admittedly earlier records in the parish registers only give names with no information about 
occupation or mode of death. 

A further reason for thinking; that the factory is more likely to have started in the 
17th century then the 16th is that a map of the district of about 1590 in the collection of 
the Marquess of Salisbury shows a fulling mill near the Powder Mill Lane entrance, but makes 
no mention of any powder mill. 

In 1672 one Ralph Hudson seems to have owned the mills (Ref. 2); it is recorded among 
the manor rolls that, at a Court Baron held on 27th May, 1672, tIle jury presented that he had 
erected a powder mill near Hook's Marsh Bridge, to the great nuisance and danger of the 
inhabitants of Upshire and Hallefield, caily passing with their cattle, the way leading from 
Hook's Harsh to Edmondsey being obstructed. Hudson was ordered to remove the mlll and 

An interesting account of the manufac ture of saltpetre in India is given in 
A. G. Marshall's "Explos ives" Vol. I (London: - ChurChill, 1917) 
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rc!:;tore tlle t'oad \,,1 thou!:, (lel.1Y. A. ye a r later, a complaint vJa.~1 made tint. l'Ie 11 :!-(1 (Jone tlot;111n ~ 

abou 1; it M (1 hil d, on the con t rary, caused further trouble by 1n tel' fer Ing \-11 th \~a ter 3UPpU G(;. 

He \~as fined 5' • .10, but, no record 1s ava.llable of h1s remedyIng the cause of complaint. Trw 
position described 1s some 500 yds. upstream [rom the centre of the ["actory as shewn, In 
Farmer's illustration MU later maps, and it may well be that the lIool\.s Marsh Brld c;e sl1:c: (no"1 

Imown as [o'l s11ers Green) t<las the original one Md that Hudson moved further downstrc8m as a 
result of the complaint. Colour 1s lent to this assumption by the report of a Im'lSu1t (R0f . 
20) over wat.er rights in 1731-2 betl'leen Charles Wake Jones (j01nt owner of the Abbey Corn W.ll) 

and Philippa Halton, wic,Q'.v, L1C oltmer of the powder mill. one witness dcposed that he had 
lmown the current called Thoroughgood's Ditch for upwards of 50 years and , that the wharfing at 
the mouth thHr eo[ at the RIver Lea etc., were always, ,during his memory, repaired and cleaned 
at the cost of 1:"11'. Hudso:1, formerly proprietor of the said mllls, and since by Hr. Wal tail, l ate 
husband of the sald Mrs. Wal ton, and by Nrs. Wal ton since his deatll. ' He also r€:m ~mbered t11ere 
being a pOi"der m1l1 at the poInt under discussion where the intake from tl1e old HIveI' Lea to 
the Nill Head St.ream Has. The unfortunate widow, Philippa, was required to restrict severely 
the size of her water intake trough, which she had apparently been enlarging a little at Cl. time 
1'or some ye ars. 

The effect does not seem to have been as serious as might have been expected, for Farmer 
' in 1735 wrote in his (History', that 'Near the Town I ,on one of the rivers are curIous gunpov!der 
mills, Itlhich supply the nation with great quantities of gunpowder, being esteemed t.he largest 
and completest works in Great Britain, and are now the property of Hr. John Walton, a genUe--
man of lmOh'l1 honour and integrity'. He gives in his book a drawIng of the factory lay-out. , 
which shows twenty-one buildings. He gives no details of the process used ' in manufacture, 
but he does tell us that in the making I there require three essential ingredients'. 

Farmer's reference to the size and excellence of the factory is conflnned by a 'Nel" ;md 
Complete History of Essex', published in 1770 (Ref. 21), "Jhlch refers to 'sev", .J,J_ Cl.u,'l,j, , 

powder mills, upon a ne\~ construction, worlced by Itlater, (the old ones having been \'Jort1(i c,'; 

horses). They are reckoned the most complete in England and \,11.11 malce near Oile hUI,d.l'i"! 

barrels weekly for Government Service, each barrel containing one hlmdred h'e1 gl1t. Tl1{J7 ' 1'.0:. 

now the property of BouchieI' Walton, Esq.' 

The use of water pOVler was not entirely new in 1770, for Farmer's 1735 dra\'ling clearl;y-
shows corning and glazing engines and stamp mills being operated by Vlater \<lllee18. The 
employment of water power caused continual difficulties about supply; in 1739 a bIll was 
introduced into Parliament for the improvement of tlle L~a Navigation and the preservation 311d 
improvement of the supply of water to the New RIver, which had supplied London with good and 
'o'Iholesome water since the time of James I. The bill was resisted by interested parties, 
among them John Halton of Haltham Abbey who gave evidence on the second reading in ' the House 
of Lords. Nevertheless, the bill received the Royal Assent on June 14th, 1739. 

Largely because of water shortages horse mills were not entirely discarded until 1814 and 
it was by the use of horses for the production of one third of the entire output, that output 
kept pace wIth demand during the Napoleonic Wars. But water power VIas always favoured for 
gunpowder incorporation and continued to be used for that purpose right up to the very end, the 
last two waterdriven mills being finally put out of action by a land mine on 15th November, 
1940. 

From the various references quoted It is possible to compile a chronological lIst of the 
private owners of the factory with dates at which they were active:-

Ralph Hudson 

John Walton I 

Hill1am Walton 

Phllippa Halton 
(hIs widow) 

1672 

1675 

I 
i~ 

J olm Wal ton I I 
(died 1757 without issue ) 

1731 

1735 / 
/ 
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Bouchler Walton 1770 
(Grandson of Philippa) 

John Walton III 1787 

Before leaving the period of private ownership completely some explanation of the curious 
piece of verse by "Philotechnos n, which appears in the front of this volume Is due to readers. 
It is quoted in Farmer's History and, indeed, there seems some reason to believe that 
nphilotechnos" was no other than Farmer himself. The verse appears to refer to a wonderful 
musical clock, or Microcosm, built by a local carpenter, one Henry Bridges. This clock struck 
the hours in the notes of a cuckoo and the dial was illustrated with astronomical signs while 
the lower part was adorned with representations of rural scenery with a picture in miniature of 
the GUnpowder Mills. The work occupied Mr. Bridges for nine years and earned him the unstinted 
admiration of nphilotechnos", who said of hIm:-

"Nor need you fear the want of beIng known, 

Since BrItain's masterpiece in yours is shown". 
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CHAPTER II 

THE GOVERNMENT TAKES OVER THE FACTORY 

The Government seems to have realized the advantages of ovilling at l east a cons iderabl e 
proportion of the production capacity of gunpowder at an early date, and in 1760 Cllarle s , 
Duke of Marlborough, Master-General of the Ordnance, bought from Thomas Pearse the fac tory at 
Faversham prevIously referred to, which thus became the fIrst Royal factory, His llaje s ty 's 
storekeeper was In charge and the output . of the factory was about 80 barrels of service powder 
a week. 

In 1781 the cornIng house and dustIng house of thIs factory, sItuated almost within the 
town, blew up, killing three men and doing much damage In the Town, includIng the destructIon 
of a Church tower at the nearby village of Davington. In 1783, when the fate of the factory 
had been under dIscussIon for a considerab13 tIme, PItt was on the poInt of recommending to 
Parliament the sale of the Faversham Mills, it havIng been represented to him that the POI'lder 
Merchants could make better powder ·and much cheaper than Government servants. The Duke of 
RIchmond, Master General of the Ordnance, at the behest of Major Congreve, the Deputy Comp
troller of the Royal 'Laboratory, Woolwich, brought forward evIdence that Government manufacture 
of powder was and could be a very profItable proposition, with the result that the .scheme was 
abandoned, and the bu1ldings which housed processes considered dangerous were rebu1l t In i786 
further from the Town of Faversham, and negotiations were commenced for the purchase of the 
prIvately ownedm1l1s at Waltham Abbey. On 11th October, 1787, the mInutes of the Honourable 
Board of Ordnance record receipt of a letter from John Walton of Waltham Abbey, signifying hIs 
willingness to dIspose of the powder mills, refinIng house, and fIsheries at Waltham Abbey, 
together with the loose utensils, implements etc. specified In the enclosed Inventory, for 
£10,000 to be paid when Parllament votes the money. His charcoal etc. to be ta!cen ,:]1:' '1 '7 

within one month unless purchased by the Board. The offer was accepted and tla,J or Con gl't3Ve 
instructed to take over the property. A minute of 22l1d October records that he lUliJ d')I1 8 so, 
but from the wages accounts, etc. it Is evIdent that the Board had been employIng V1Li l' Ke l.'S Oll 

sl te for some time before actually completing the purchase. 

This is Major Congreve, who became Comptroller of the Royal Laboratory in 1789, rose to 
the Rank of Lt. Gnl. and was created Baronet in 1812. Hi .s son, also Willlam Congreve, was 
born in 1772 and entered the Artillery as hIs father had done, after being educated at the 
Royal MIll tary Academy, Woolwich. He was attached to the Royal Laboratory In 1791 and in 
1805 Invented the Congreve Rocket, a weapon which, though far from· completely successful, 
remained a service weapon for many years and was the forerunner of all rocket weapons. He 
was made an F.R.S. in 1811 and entered ParlIament the next year. 
father as 2nd Baronet and as Comptroller of the Royal Laboratory. 
and scIentifIc works and was a personal favourite of George IV. 

In 1814 he succee.;1ed hIs 
He wrote- many economic 

Both father and son, vlho 
for the sake of brevity and clarity we refer to as wm. Congreve I and wm. Congreve II, wrote 
pamphlets about their work at Waltham Abbey. wm. Congreve I, though the Dictionary of 
NatIonal Biography regards him as a lesser man than his son, was a greater one as far as 
Waltham Abbey powder M1lls were concerned, but it was not till 1811 that he vias able to pub
lish his Justifications of himself, which we reproduce as Appendix I, the "Statments of [Cae ts 
relative to the savings which have arisen from manufacturing gunpowder at the Royal tlllls". 
The economIc arguments are unanswerable and the accounts of technical improvements introducod 
show him to have been a man of great ability. 

wm. Congreve II likewise wrote an account (APpendix II) of the improvements he 
Introduced, beIng largely an account of a new type of Granulating Machine he patented 
(NO. 3937 of 1815), but he does not impress in the way his father does. It is Sad. to relate 
that this man, so distinguished in his day, appears to have got mixed up in some shady 
fInancIal transactions connected wIth a minIng company and fled the country early in 1828, 
dying in Toulouse a few mon ths later. His obituary notIce in the "Gentleman's t1agazlne" for 
August, 1828 t.ells also that one of the French papers reported that he had left a wld0\1, 
several ch1ldren and an immense fortune, but adds that .thls may be serIously doubted as he 
was not married tIll 1824. 
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Thougll tIle \'1:11 thCUll tHUs lIad be cn 111 opr: rRclon m8JlY years pr10r to the purcIlase by the 
Governmcnt it seems probabl e that they had suffered some ne glect and a great deal of worl( was 
put 1n to improve theln and increase their capaci ty. Some £35,000 or 3~ times the purchase 
price was spent in expenses, repairs and improvements including the purchase of the water of 
the Chesl1unt and Haltham Abbey corn mills, a deal which increased the capacity of the works 
from 15,000 to 20,000 barrels a year. 

On 17th September, 1787, nearly a month before the takeover became officIal, CQIlgreve was 
already busy putting his new command in order for he wrote as follows to Mr. Daniel Cornish, 
Carpenter. 

"I am directed by his Grace the Duke of Richmond to desire you will immediately hire the 
best of the millmen and labourers who lately worked at Mr. Walton'S powder mills. They will 
be paid nine sh1llings per week for month certain, and for every week they may be continued in 
Powder Mills if they should be purchased by the Government; and the above men will be allowed 
every advantage that has been hitherto given to the miUmen and labourers who work in the 
Royal powder Mills at Faversham. Mr. Cornish, you will be paid fifteen shillings a week from 
the date hereof for one month certain. (Signed) Wm. Congreve, Major of .Artillery, Waltham 
Abbey. 
N. B. The Duke of Ricliinond may be seen at Whi tehall on Sunday morning at 10 o'-clock". 

The first Cash Book of the factory opens on 31st October, 1787 with a petition for wages. 

"Daniel Cornish, Carpenter of this Place, Humbly prays an allowance of the undermentloned 
sums, the same being his pay from 21st September to the 18th October, 1787, both days 
inclusive and prior to his beIng put on the List of Artificers and Labours amployed at 
this place. Viz:-

September 30th To 8 days pay at 2/6 per day 

October 18th To 16 " " at ditto 

Humbly Certified 

W1llm. SUtton 

Acting Overseer 

Under Mr. Bennet" 

£,1. O. O. 

£2. o. o. 

£3 O. O. 

Bartholemew Bennet was Clerk of Works at Faversham, and the letter books contain many 
communications from him which show that he took a very active and personal interest in the new 
factory, giving much sound advice and technical information. 

The first wages list of the same date includes Edward Jones, Millwright at 3/6 per day, 
three carpenters (including Cornish) at 2/6, four sawyers at 2/6 and thirty-two labourers at 
1/6. Pay dates from 19th September, 1787. The second list includes seven carpenters, and in 
the third, three more millwrights' appear. It is interesting to note that, of the thirty odd 
labourers only six or seven sign their names. wages do not appear to have been paid at 
regular intervals - the first pay days being 31st Oct., 13th November, 26th Nov., 30th Nov., 
10th Dec., 20th Dec., 31st Dec. 

On 18th November 1787, James Wright was appointed Storekeeper and was in effective charge 
of the factory. l1en were sent to Faversham to learn to make powder for the Government 
Service. At the end of the year WrIght sent in a demand for "Stationery judged necessary for 
carrying on hIs l1ajesty's service at this place on its first establishment and for the current 
yearn as well as demands for materials and stores, all with details of the buildings In which 
they were to be used, so that he must have spent a ·remarkably busy six weeks, getting settled 
l~to his ne',., job. He also sent in an account of his disbursements and a demand for travelling 
expenses. 

He undoubtedly received a great deal of help from Faversham but his achievement was a very 
real one and he may well be regarded as .one of the builders of Waltham. 
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All the time 11ajor Cunsreve was pushing for M early s t ar t t o product.ton and asl(Jng villat 
pr'ogre ss \>las beine; made; e . g . on 18th December, 1787, he a.sks how l ong It wIll be befor e t he 
new press is put up in the corning hou se and V1h e ther tlle canvas glazing and dus tIng reel 13 
nearly complete. He had given his first operating instructions on 25th Octob er 1787, stating 
that the proportion of ingredients was to be 75 Ibs. Saltpetre, 10 lbs. Sulphur and 15 lbs. 
Charcoal and adding:-

"In order that Gunpowder may be made as soon as possible the mode of working it for the 
present must be as formerly practised by the Merchants except that each charge of green 
Composition must not be worked less than four hours ll • 

The optimistic point of vi ew which gave ri se to expectations of an early start proved to 
be ill-founded . It appears that the amount of work necessary to put the mills into good 
working order and, in particular, to control the water supply had been greatly underes timated. 

An ample supply of water for transport and power was of course a major necessity to the 
powder manufacturer. While the water supply at Waltham Abbey was adequate for the factory's 
needs it was not under proper control. The locks were in a serious state of disrepair, 
causing' great waste of water, and, at times, serious flooding. For many years the Board was 
engaged in constant warfare with this unruly element, to say nothing of legal squabbles con-
cernlng fishing rights, responsibl1ity for maintenance and so forth. Two letters of 
December 1810 give very full details of all the stoppages of the water driven mill s from 
various causes between 1804 and 1810 and it 1s clear that the position was still far from 
satisfactory. 

The first letter recorded in the "Letters Received ll book is one from lfajor Congreve 
insisting that no gardens may be allowed on the banks of the Powder Mill stream because they 
would damage the banks by loosening the earth, and on 11th January, 1788 Storelce8per I-il'lClH, 

complains that he could not get supplies in, as the whole country was under water from the 
late great floods. On 26th March, he is still ,busy cleansing the river and tail s tream bed. 
"I wish you could look in on US" he writes to Major Congreve, "as we have some difficulti es to 
go through, but if I cannot have that pleasure, I hope we shall accomplish this Vlor]( so as to 
meet your approbation n• In a report dated 17th January, 1788 Congreve says that 
£7,988. 18. 8~d. had already been spent on putting the works into proper condition. 

Extensive alterations and repairs had been settled on 'and a new mixing house and salt
petre refinery were to be built, but in spite of all efforts progress seems to have been 
remarkably slow, owing to the arguments about water supplies and .the difficulty in securing 
much needed repairs to the locks on the river Lea. About the middle of 1788 it seems that 
they were again optimistic about an early start for congreve wrote to Mr. William Newton, who 
by , then had been appointed 11aster Worker, on 8th July of' that year. , , - " ' " 

"Sir, 

You will make use of the proportion of ingredients in the Gunpowder which you 
manufacture at Waltham Abbey until further orders. 

Sal tpetre 75 Ibs. 

SUlphur 10 Ibs. 

Charcoal 15 Ibs. 

You are to corn your powder from cal(e and d"Jst of the mlll charges pressed 
together a sufficient time to bring 'it into a firm body - The dust which is produc ed 
from corning this first powder, called the first dust, after having the fine grain 
separated from lt, also to be pressed and corned. Great care must be taken that both 
dusts are pressed sufficiently firm to prevent the powder from being of a rotten grain. 
The remains of the dust after working the second dust into gunpowder is to have the fIne 
grain separated from it and is then to be sent to a mlll to be worked for one llOur and a 
half. You must be particularly carefUl that the several ingredients are pulverizod as 
near as possIble to the same degree of fineness. They are" to be put into a charge tub 
in alternate layers , to be well blended wit11 a stirrer and then to be passed tllrougll a 
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nn e wire sieve to make as intima te a mixture as possible. Your char ges of green com
posi Uon are never to be worked less than tl:lree hours excllisive of the time required to 
load and unload the mills and as much longer as you may find it necessary from time to 
time to bring it into a proper state. After the powder is corned it is to be moderately 
glazed. It is then to be stove dried with such a degree of heat that the thennometer in 
the door of the stove may not be less than 90 degrees when the stove is at its hottest. 
The Powder is never to be barrelled up from the stove until it is sufficiently cool and 
has been passed through a pOI"der screen. 

(Signed) William congreve" 

But with all this no powder seems to have been made that year and on 6th February, 1789, 
Wright and Clowdesley, the Clerk of Cheque, wrote to Congreve as follows: 

"Sir, 

. We have (by a messenger) received your directions to set the Mills to work, w.e beg 
leave to acquaint you we mean to begin on Monday morning and it will take up all day 
tomorrow to provide the horses for grinding the composition and vario.us other small 
matters it will be necessary to adjust before we begin. 

We beg to inform you that we have your directions of 8th July on the Mode of Working 
but you took back the paper which you gave the Storekeeper wherein the manner of marking 
the barrels were inserted. We likewise beg to acquaint you that we have no Cooper which 
Mr. Forman intimated would be sent from the Laboratory. 

We have no mode of drying mill samples at present as the cylinder is not set in the 
proof house, neither does Mr. SUtton know it is to be fixed, therefore the Master Worker 
thinks to work 35 and 32 pound charges until the samples can be tried and proved that 
some conclusion may be drawn on working 38 lb. charges. 

(Signed) Jas. Wright. 

Jno. Clowdesley. 

So at last a start was made, presumably on Monday, 9th February, but on the 12th we find 
a Report of the first "blow-Up". 

"My Lord Duke and Rt. Honourable and HonOurable Gents, 

We beg leave to report that last night at 6 o'clock, the second of the No. 16 Head 
Mills blew up~ The charge had not been on the bed more than five minutes. As the 
mill did not receive any injury it was set again to wprk this day at 10 o'cloc~ 

We are, 

your most faithful obedient Servants, 

Jas. Wri~1t. Jno. Clowdesley 

His Grace the Duke of Richmond and the Honourable Board of Ordnance". 

Even then teething troubles ... :ere not at an end, for we find a note dated February 27th 
sent to Woolwich asking if they can supply the bearer (the newly appointed Cooper) with three 
bundles of hoops for powder barrels "as we have powder ready for heading up and no barrels to 
put it in". 

After this unfortunate start things seem to have progressed and though "blow-ups" were 
frequent no serious damage is reported. vllien an inspection was made by order of 
Major congreve by the Fire Masters and Assistant Firemasters on 18th August, 1789 they 
r eported that the saltpetre refining and the manufacture of Gunpowder was being conducted in 
a highly satisfactory manner and that the various buildings appeared to be well calculated 
for the purpose for Which they were intended •. 
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AccordIng to pl'e~~ C: llr. clay standarcl:; tllis apIJears a very cha!'l table viel/l of t;l:lP. pos i tl r)n 
for "blo\\'-ups" Hor e fr equent occut'rcnces Llnd f;ce rn to have been talcen almost as a Ioatter (Jf 
course. Gcnel'allytl,f2Y 1-18re due to tlle char r,e on the bed of ttHl mlll firIng, and provided no 
one Vias near a t the mo;v~nt little damage resulted. 

It I s necessary, hOViever, when dealing critically wIth these records to keep in mind the 
contemporary state of knowledge; Lavoisier's "Traite Zlementaire de Chimie" Vias published in 
the year 1789 and Dalton's "NeH System of Chemical Philosophy" in i808. It was many years 
before the full implications of the theory of combustion and of chemical combination Here 
fully realised. Without clear ideas on these matters it Has quite impossible to make much 
headway In the systematic study of explos ions or to evolve a Hell defined system of safety 
measures. 

The state of ~lowledge at this perIod Is clearly shoHn by a quotation from a paper given 
to the Royal Irish Academy in 1788 by \.he Honourable George Napier, Hho had been Comptroller 
of the Royal Laboratory at Woolwich, ! 1782/3) and entitled "Observations on GunpoHder". 

"It does not alHays follow that the purest nitre produces the strongest powder. In 
Russia I am informed they seldom refine theIr nitre more than twIce, and having 
analysed some very excellent Russian powder, I found the saltpetre contained a con-
siderable portion of marine salt and magnesia. It is difficult to account for this 
phenomenon, as ma.rine salt both impedes the Igni tion and lessens the explosion of gun
pOvlder; and I believe it may be demonstrated that magnesian or calcareous nitre pro
duces at least the last of these effects, if we consider the faintness of its own 
detonation, when it has any; and that deliquescent Quality, which must communicate a 
degree of humidity of the composition, inimical to a forcible explosion; and (what is 
in my opinion of much greater consequence) which must be noxious in the extreme to the 
durability of gur.~owder: I have reason to believe (as far as my experience can estab
lish the 'fact) th~t powder made with saltpetre, oftener than four times refined, is 'of 
inferior strength, though probably more durable, that that which has been only twice 
depurated. If the elastic and expansive fluid contained in nitre partal<:es of all of a 
spirituous nature, may not repeated evaporation liberate a portion of it? 

Stahl asserts that -the nitrous acid is a combination of the vitrioliC acid with the 
principle of infla~ability, effected by the agency of putrefaction; and Piatch of the 
Berlin Academy seems to prove this theory by his eXperiment of moistening a calcareous 
stone with vitriolic acid and wine, which being exposed for .some time to the action of 
the atmosphere was found to be strongly impregnated with nitre. If the aforesaid 
experiment be accurate vie must admit that saltpetre is a compound substance, and it may 
not be a very improbable deduction to suppose that elization in part deprives this salt 
of that elastiC fluid which constitutes the strength of gunpowder. 

I cannot in this place omit noting the paradoxical peculiarities of this extraordinary 
fossll (saltpetre) \'!hich, generated by a combination of animal and vegetable putrefac
tion exhibits the most energetic of antiputrescent principles, ffi1d, though classed among 
the coolest of the saline genus, is replete wi th vehement and irrestible fire ". 

The Congreves, f ather and son, were far in advance Of this curious mixture oftradltion 
and empiricism, almost '1iorthy of an alchemist, and the men who were chos en to run the Royal 
Gunpowder Factory seem to have been 1'0rward-loolcing. 

In 1794 the Goverr:1i'lent took a further step away from dependence on private producers by 
establIshing a third Royal Factory at Ballincollig, near Corl<:, on land ad j acent to the Cavalry 
BarracKs 2Ild li/lth very €:xcellent water-power provided by the river Lea, but this factory was 
closed curing the period of retrenchment which f011m-/ed the Nap oleonic ~Jars. 
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CIIAPTI!:H J 1 I 

THE MANUJ.i'ACTUHE OF GUNPOWDEH 

F'or a full understanding of the problems of t.he hundred years or so during ,~111cl1 eunpOv/der 
was the sole or main manu facture of the Royal Gunpowder Factory it is nece ssary to have a 
general idea of the processes involved and how t11ey are and h<'J\re been carrted out. 

In this chapter an attempt is macle to provide this infomation bri e fly but clearly. Gun
powder i s an intimate mixture of saltpetre, charcoal and sulphur in proportions whic11 may vary 
over a considerable range, but are normally 75, i5, 10. It Ivas usual for the saltpe tre to be 
purified by recrystalli zat ion, and tlle s ulphur by sublimation in the glmpowder fac tory. The 
charcoal Ivas usually made in woods ,near the factory, principally from alder, I"nlow and dogwood 
and the old method of burning" in heaps under careJully controlled conditions did not produce a 
sufficiently uniform product to malee good glli1po\Vder, but vias not superseded , as will be seen, 
till the begInning of the 19th Century. 

The methods by which the processes of manufacture are carried out have changed s lightly 
during the centuries as more experience was gained and more sui table machinery becllille available, 
but basically the"re has been little change since the 16th Century when "corning" was introduced. 
The original gunpowder, called "serpentine powcter" was merely a loose mechanical mixture of the 
three ingredients. I ts combustion was slow and irreb'Ular aJ1ct much gas escaped through the vent 
of the gun so that a very 101" velocity was imparted to the shot. Corned powder consists of hard 
compressed grains of controlled and regular size and it was this feature that made gunpovlder 
such a su itable material as a propellan t for use In guns that it remained unchallenged tnl the 
end of the Nineteenth Century. 

The three 1n.gredients are first ground separately, foreign matter being rer,lOved i),r s .tevlng 
and are then weighed out in the correct proportions and given a preliminary mix In a cyllndr.tcal 
drum on the axle 0 r whi ch are moun ted a number 0 r radial arms - the drUiTl and the an1lS ro tate In 
opposite directions at different speeds. A few minutes mixing, followed by another s ieving to 
remove hard lumps that ml~~t cause an explosion during subsequent operations, suffices to pre
pare the mixture for incorporating or milling, the first real gunpowder process, which is 
carrIed out in iron edge runner mills of the type formerly used for mortar mixing. 

These mills were continually increased in size and those in use at l-Ialtham when gunpo1,vder 
manufacture was discontinued had runners about 8 feet in diameter weighing some 5 tons each. 
These runners are sUpported In Ud1 a way as to allolv independent vertical motion but to prevent 
actual contact with the bed plate. Two wooden ploughs covered with leather stir up the charge 
and 'prevent it from accumulating at the centre and edge of the bed plate. The most usual method 
of driving these mills was by water w11eel, normally one wheel situated between two mills, but 
horse mills were used at various times and steam mills were introduced in 1856. 

The mills were isolated from each other by strong masonry 't/alls and the charge kept damp 
during millIng. Automatic drowning arrangements were a further safety measure, but the risks of 
milling, which must originally have been very consIderable, I-/ere greatly reduced by improved 
mIll construction. 

Earlier edge runner mills, such as those used at. the time of the factory becoming Government 
property were built either of cast iron or stone and the rwmers rode freely on the bed plate. 
Even earlIer, stamp mills had been used. The usual type of construction was a large block of 
grani te with a number of basin shaped depressions in it. The powder was placed in these basins 
and poundeci by a ca.'TI operated series of heavy wooden uprights. At the time the factory was 
started hand operated mortars and pestles were used, the pestle belng sometimes hung from a 
spring bea'll. Such appliances must have been extremely dancerous and it is perhaps as \,ell that 
the high price and scarcity of saltpetre prevented the use of a recipe for gunpO\1der that would 

,develop the maximum strength. 

The product of milling is known as "mill-cake n• It contaIns hard pi eces of material formed 
Ql'lder the vleigl1t. of the runners whicll may adhere to the bed plate. Gr..eat care has to be exer
cised when the mill Is be ln i':: emptIed and only \'Iooden tools are u8ed. 
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'The mIll cali:!-~ W l oS brol,en up by hilnd with wooden mallets and put on s Ieves agltated In such 
a ;,my th a t. a flat circul ar piece of l1 grn.un vi t ae in each sieve tool< a sufflcient velocl ty to 
bre ~t!\ up the lumps of powder and force it through the sieve. These pieces were separated from 
dust by further sieving and were hardened and had th e rough edges taken off by being given a 
~reatment in a closed r evolving cylindrical reel. 

It was not posslble to produce a really hard compact grain by this method and round about 
the time the Waltham factory was tal<en over by the Government, presses, at first screw, and 
later hydraulic, Vlere beginning to be used to produce a hard dense "press cake ". 

A press charge i s built up of a number of layers 'of powder on copper shee ts. These layers 
are "s truck off" level in a wooden frame, which is then removed so tha t tlle powder is not con
fin ed during pressing. The copper plates may be as much as 30" square and the charge of 111 
t hicl< layers of pO\<Jder may weigh 1000 lbs . . The usual pressure is 600-800 Ibs. per square inch 
on the powder. Pressing is one of the most dangerous operations in gunpowder manufacture and 
Is remotely controlled. 

The press cake was at first broken up and sieved in just the same \<Jay as mIll cake had 
been, but improved methods were soon forthcoming. 

The press cake was fed into a granulating machine where it passed between three or four 
pairs of rolls, toothed, serrated and smooth. One Of each pair of rolls was mounted on sliding 
bearings held by springs, so that if an extra hard piece of cake or a foreign body was found it 
would pass through without producing excessive friction or heat. Between each pair of rolls 
automatic sieves sort out material of different sizes. Dust or fine powder is collected and 
returned for reincorporation and pressing. This 'type of granulating machine was invented by 
WIn. Congreve II, the Comptroller of the Royal Laboratory, in 1815 (see Appendix II) and, while', 
improved in detail, has never been completely superseded. 

Owing to the continually increasing size of artillery weapons a demand arose for pCMder in 
larger and more regular grain sizes. CUbes were first cut from press cake and in the 1880'3 
cylinders and hexagonal prisms were pressed from broken press cake. 

powder corned by the standard method may require to be ,dusted especially if made from dog
wood, an operation normally carried out in a dusting reel, a cylindrical reel set at a slight 
angle to the horizontal and covered with fine gauze. Slow burning powders are glazed by rota
ting in a wooden drum with a little graphite, and the powder is finally dried in a steam heated 
stove at 400C to about 1% mOisture. 

Before the advent of steam, heating powder waS dried in 'an alarming 'apparatus"known as a 
"gloom stove". It consisted Of a large cast iron vessel projecting into one side of a room and 
heated from the outside by a fire. A sheet of copper was placed over the pot when the powder 
was charged or discharged and this again was ' covered with a canvas screen. Some idea of the 
size of the glooms may be gathered from the fact that Winters says the covers for the first 
glooms were 10 feet by 12 feet. Earlier methods of drying seem somewhat obscure, but the view 
of the factory in Farmer's "History of Waltham" (i735) shows a "little stove" and a "Great 
stove", both brick buildings complete with chimneys and three "Sun stoves or drying leads" 
which look rather like garden frames. 

The manufacture of G1mpowder 'das from the earliest times regarded as something of a black 
art and the amount of authentic published matter on the subject is small, so that the very fUll 
collection of record books, correspondence etc. from Waltham, now indexed in public Record 
Office under the generic reference "SUpplY 5" is a valuable contribution to knowledge. 

Richard Coleman, who was graded as a Clerk, and earned £70 a year, kept a di ary of interes
ting things that happened in the factory from 1793 to 1796, Which is a valuable sourc~ Of infor
matIon for that period. He also gave a 'paper before the Askesian Society in May, 1801 describing 
the manufacture of gunpowder in some detail. This was published in the Philosophical Magazine 
for 1801 and is reproduced as Appendix III. It is quite remarkably well informed, and contains 
a good account of gunpowder manufacture as then carried out and interes ting speculations on its 
explosive force. The next and most compl et e record we have 1s the very remarkable "Treat ise on 
Gunpovlder" by Frederi_ck Drayson (SUpplY 5/762). Thi s i s a beautifully handwritten folio volume 
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containing 70 pages of t6Xt and ~)7 detaIled drawin gs eivIng plans, sections and perspectIve 
views of all bu1ld.lnr:s and dra",lng:1 of the utens1ls used In thorn . Every buildJ.ng is fully 
descrIbed In the text WId all the processes including the refIning of nItre and sulphur, the 
burnIng Of charcoal, the regeneration of damaged gunpoHder and the recovery 0 f sal tpe tl'e from 
unservIceable powder are dealt wI th In detail. There are observations on eacll bunding alld 
process and suggestIons for Improvements and a report on the condItion Of the factory with 
plans for its extension, repair and imprOVement. 

It is described as being written for the Honourable Board of Ordnance by theIr authority 
dated 13th August, 1830, that is, only a year after the positIon had been investigated by a 
committee appointed for the purpose of reporting on the improvements necessary to brIng the 
factory to a state of high efficiency. Just who Frederick Drayson was is not at a.ll clear*, 
as no other reference to him has been found except two rather obscure remarks in HInter' s 
History:-

"1830 August 5th Mr. Drayson. Letter proposes a place of corning powder." 

"183i January 25th Mr. Drayson's method not approved of by the Board." 

If this last remark is of general application Drayson must have been a very disappointed 
man. There can be no doubt that he had worked hard and made a very good job of describing the 
process as it then existed. He summarized his suggestions for improving the process as follows; 

"1. The process of refining ni tre may be rendered less expensive and that the 
ingredient need not be melted, thus exposing it to the liability of receiving 
injury. 

2. That the charcoal may be produced of far superior quality and at les3 cost 
than that now used. 

0. The sulphur may be rendered perfectly pure by a process not so expensive as 
the one to which it is now submitted, and which only removes half the 
impurities from it. 

4. That the process of amalgamation may be much improved. 

5. That the danger and expense of granulating may be greatly reduced and the 
operation rendered much less complex. 

6. Ttlat the mode I.J r drying the powder may be improved. 

7. The ingredients may be prepared and mixed in such a manner as either greatly 
to increase the strength of gunpowder or to diminish the time required for 
its amalgamation. 

8. There is 43 per cent of grain, superior to either the cannon or musket powder 
now produced, which is 'contained in the dust and sent to be reworked, but 
which might be separated from it without again undergoing the processes of 
amalgamation, pressing and granulation whIch alone I trust is a suggestion 
entitled to a favourable consideration." 

If indeed these suggestions, which are fully de tailed in the text, were turned down in the 
brusque manner Winters appears to suggest, one feels he must ever after have been a man \'Ilth a 
grievance. 

* He may well have been related to William Drayson who was Clerk of Works in 1827. 
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CHAPTER IV 

CHARCOAL AND BISHOP WATSON 

The importance of charcoal, the most variable of the three ingredients of gunpo'tlder, has 
already been mentioned and both Congreve I (Appendix I) and Coleman (AppendIx III) refer in 
glowIng terms to the improvement brought about in the fIrst few years after the Government 
took over the factory by the IntroductIon of "cylinder charcoal". Congreve says this Improve
ment was fIrst suggested by Dr. Watson, "the celebrated chemist". 

InvestIgation has shown that Dr. Watson was no otller than the RIght Reverend Richard 
I-latson, D. D., F. R. S., Lord BIshop of Llandaff. ThIs very remarkable man was born, the son of 
a Westmorland schoolmaster, in 1737. He went to Trinity College CambrIdge on an ExhibItIon in 
1764 and commenced his studIes with great eagerness, his father havIng died the previous year 
and left hIm only £300, so that as soon as his education was complete he would have to re~y 
entirely on hIs own efforts. 

TwO and a half years later he secured a scholarshIp and took hIs first holiday, visitIng 
his elder and only brother. Of him he says, "He was the first curate of a new chapel at 
Kendal, to the structure of which he had subscribed liberally. 'He was a man of lively parts, 
but being tl1rown Into a situation where there was no great room for the display of his talents, 
arld much temptation to con 1rlvial festivity, he spent his fortune, injured his constitution and 
died when I was about 33, leavIng a considerable debt, all of Which I paid ImmedIately though 
it took almost my all to do it." 

He returned to CambrIdge and In view of his straitened circumstances became mathematical 
tutor to t 'tlO other students of the year below hIs, although he really ltlanted tIle time to study. 

He was a hard worker. He felt he never really understood a proposItion in mathematics or 
natural philosophy till he was able, in a solitary walk, to draw the scheme in his head and go 
through every step of the demonstratIon without book, pen or paper (He found EUClid, Book XII, 
Conic SectIons and Newton l s "Principia", very difficult). He became a good classIcIst and was 
very Interested In logic. 

He took his B.A. in 1759 and was second Wrangler of the year. He felt he had been wronged 
over this and the senior PosItion was hIs of right. He was later to take effectIve steps.to 
stop such honours being granted by favour rather. than according to merIt. 

In October, 1760 11e was elected a Fellow of Trinity and contInued as a tutor, refusIng one 
or ' two offers of curacies. He took his M. A. in 1762 and was made Moderator for Trinity College 
the next year. 

In 1764 he heard that an old friend had separated from llis wife and gone abroad. He 
ImmedIatelY set off for ParIs somewhat inadequateLY equipped with a French DIctionary and a 
borrowed £50. He found his friend and after a variety of accidents and great fatigue (including 
crossIng the Channel 4 times in a fortnight) brought him back to hIs country and famIly In time 
to squash scandal and prevent him from beIng thrown out of the House of Commons. 

on 19th November the same year he was elected by the Senate Professor of ChemIstry. Of 
this appointment he says in hIs autobiography:-

"At the time this honour was conferred upon me, I knew nothing at all of Chemistry, had 
never read a syllable on the subject; nor seen a sIngle experiment in it; but I Vias tIred 
with mathematics and natural philosophy, and tne "vehementissima gloria cupldo ll stimulated me 
to try my strength in a new pursuit, and the kindness of the University (it was always kind to 
me) animated me to very extraordInary exertions. I sent ImmedIatelY after my election, to 
Paris for an operator. I buried myself as it were in my laboratory, at least as much as my 
other avocations would permit; and in fourteen months from my election, I read a course of 
chem.tcal lectures to a very full audience, consisting of persons of all ages and degrees, in 
the UniversIty. I read another course in November, 1766, and was made Moderator, for the 
fourth tIme, in October, 1765." 
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He t ells us chat there was rIo s tIpend at tached to the Professorship at that time nor any
thing furnished by the Unlvers1t.y except a room to read lectures In. He sent a petition to 
Lord RocklngJ1am, a MInist er, for a stIpend fror,l the Crown. The latter gave it to the Duke of 
Newcastle to fOrl'iard and much delay ensured but by fIrmness and perSistence Watson managed to 
see Lord RockinE;.hcun who \>las' on the poInt of going out of office', but 1.ll1dertook to ask the 
King and offered to have the £100 a year Watson asked for settled on him for life. He refused 
this saying he only wanted it whIle he remained Professor of Chemistry. 

He seems to have done a great deal towards putting the affairs of the University in order 
as the following passage shows. 

"In January every year, when the Bachelors of Art take their degrees, one of the two 
Moderators makes a sort of speech in Latin to the Senate; I made this speech three times: 
the last was in 1766. I had, in a former speech, taken the liberty to mention, with great 
freedom, some defects in the University education, especially with respect to Noblemen and 
Fellow-Commoners: and strongly insisted" on the propriety of obliging them to keep exercises 
in the "schools, as the other candidates for 'degrees did. In this last speech I recommended 
the ins,tituting of public annual examinations, in prescribed books, of all the orders of 
studen ts in the university. I mentioned also the necessity of allowing more :time for the 
examination, and of appointing more examiners, and of particularly distinguishing, by separate 
honours, the best profiCients in several branches of science; that those who could not excel 
in the abstract SCiences, or natural philosophy, might have some chance for distinction in 

,ethics and metaphysics." 

At the same time his interests continued to, widen and he tells the following anecdote: 

"Whilst I was Professor of Chemistry, I dissected a subject which I had procured from 
London, in order to perfect myself in Anatomy; my laboratory was my theatre, and Professor 
Waring, known to Europe by his mathematical publications, and my old friend Preston (after
wards Bishop of Ferns), were my assistants. When we had finished the business we put vlhat 
remained of the body into a box, and commissioned an old soldier to bury it in the fields. 
The man thought the box was worth something, and instead of burying it he opened it, and 
poured the contents into the Cam, and as there happened then to be a great flood, some of them 
drifted on shore and excited a great suspici'on of murder having been committed; but as no 
person was either taken up or suspected of it, we carefully kept our secret, and thus probably 
escaped being stoned, like anatomists of old, by a superstitious populace." 

He became a Head Tutor in 1767. At this period of his life he worked prodigiouslY. He 
read three public lectures daily in Trinity College beginning at 8 O'Clock. He then spent 
4-5 hours with his private pupils and 5-6 more in his laboratory. 

In 1768 he sent in a paper to the Royal Society about the phenomena attending the solu
tion of salts and was elected F.R.S. 

The next year the Regius Professor of Divinity died and Watson was encouraged to put him
self forward for this, the first office for honour in the University. He tells us that he was 
momentarilY puzzled by the fact that he had no Divinity degree, which was absolutely necessary 
for the job. He had only seven days to transact the business in, but nby hard travelling and 
some adroi tness 11 accomplished his purpose and obtained the King's mandate for a Doctor's degree 
and was created a Doctor with a day to spare. 

I-lhen he got the job he applied hlmself with equal eagerness to the study of divinity and 
participation in politics. He wrote letters and sermons and expressed his views very strongly 
on a variety of subjects. He was a WhIg, a great lover of personal liberty, and he opposed 
the American Vlar as not only inexpedIent, but 1.ll1just. 

He never hesitated to speak h!s mind even when it was to his own dIsadvantage. He was 
soon at loggerheads wIth the ArchbIshop and roundly accused the KIng (George III) of breaches 
of the Royal Perogative (he had apPOinted Lord Sherborne to the Treasury on the de ath of Lord 
Rockingham wi thout '"a 1 ting for the recommendation of the Cabinet). Some of his politIcal 
maxIms are worth rememberIng. 
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"Patrlotl sm Is a sC2Jidalous grune plnycn by public men for prIvate encls arId frequently 
lIttle better than a selfish struggle Cor power." 

"To forget all benefits Md to conceal tlle remembrance of all injur1.es, are maxIms by 
whIch political men lose theIr honour, bur; malce theIr fortun es ." 

In 1782 when the opportunity arose he dId not scruple to malce use of hIs poll tIcal and 
tItled ex-pupIls to secure for hImself the BIshoprIc of Llruldaff. In thIs post he remalnded 
tIll hIs death in 1816, politIcal pressure preventIng further promotion for a man who supported 
the French RevolutIon, Catholic and Nonconformi st emancIpatIon and electoral reform, and who 
vIolently opposed slavery. 

Nevertheless, In 1786 he was asked by the Government if he could gIve any advice relatIve 
to ImprovIng the s trength of gunpowder and he sugges ted mal<ing charcoal by dIstilling the wood 
in closed vessels, a method of manufacture' sUggested some time previously by George Fordyce, 
M.D., F.R.S., an emInent physIcIan and the author of several chemIcal treatises. HIs own 
account of the resul t of thIs suggestIon is as follows: 

'''The suggestIon was put In executIon at Hythe, In 1787, and the imvrovement has exceeded 
my utmost eXpectatIon. l'!aj or-General Congreve delIvered to me a paper, containIng an account 
of the experlmen ts whIch have been made wI th the cylinder powder, (so called from the wood 
beIng dIstIlled In iron CYlinders), In all of whIch its superIorIty over every other specIes 
of powder was suffIclent.ly es tablished. In partIcular, a gIven quantity of gunpowder, made 
wIth thIs kInd of charcoal, threw a ball of sixty-eIght pounds weIght, two hundred and seventy
three feet; whilst the SMle mortar, at an equal elevatIon, and charged with an equal weIght 
of gunpowder made wIth ctarcoal prepared In the 'best of the ordInary ways, threw an equal ball 
only one hundred and seventy-two feet. In this experiment, the strength of tIle cylinder, 
estImated by the horizontal range, Is to that of the best sort of other powder, as 100 to 63. 
By experiments with the Eprouvette, the proportion of the strength of the. cyllnder to other 
powder was that of 100:5~. In round numbers, it may perhaps be near enough to the truth to 
say, tha.t the strength of the cylinder powder is to that of other powder, as 100: 60, or 5: 3. 
One of the clerks in the laboratory at i.foolwich desired a gentleman, in 1803, to inform me, 
(as he suspected I did not know It), that I had for several years saved to the goverrunent one 
hundred thousand pounds a year. I have 'n'ever inquIred whether thIs information Is correct; 
nor If it should turn out to be so, have I any intention of applying for a reward. My country 
is welcome to my servIces in every way; but If, In the vicissitudes inc1dent to all families, 
my posterity should be ~~ misfortune, not occasIoned by vice or indiscretIon, reduced to beg
gary, I would advIse them to peti tlon the House of Commons for a remunderatlonj they may do 
it with a just conf Idence of beIng listened to. At a levee,s~op. after the experIments on 
gunpowder had been made, I j:lappened to be standing next to the Duke of RIchmond, then HasteI' 
General of the Ordnance, end the duke informed His Majesty, that they were Indebted to me for 
a great Improvement in its fabrication. On my saying that I ought to be ashruned of myself, 
Inasmuch as It was a scandal In a ChrIstIan Bishop to Instruct men In the mode of destroyIng 
mankInd, the KIng answered, "Let not that afflict your conscience, for the quIcker the conflict, 
the less the slaughter," or In words to that effect. I mention thIs to do justice to the King, 
vlhose unders tanding It VIas the fashIon to decry. In all the conversatIons I had with hIm, he 
appeared to me not at all defIcient in quickness or IntellIgence." 

One is left wondering whether any of this remarkable BIshop'S descendants were ever 
reduced to petitIoning the House of Con~ons as he suggested and what success they had. 

It was some consIderable time before powder containIng cylInder charcoal was Introduced 
Into the service for It Is stated in Coleman'S diary referred to In the las t Chapter that a 
barge loaded with the first freight of cylinder coal returned to the factory on April 6th, 
1794. Undoubtedly some of the intervening tIme mus t have been spent in the development of 
suitable plant to carry out the BIshop'S suggestion and there may well have been opposition to 
the Introduction of a novelty. Once difficulties had been overcome the advantages of cylInder 
cha.rcoal were so obvious that pit charcoal went completely out of use. Early In the new . 
Century the Government dealt drastically wIth the problem of supplies of cylInder charcoal ,by 
establlshing t'tlO cyllnder charcoal works in the SUssex Weald at Fernhurst and F'isher Street. 
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They were in ch3.rge of tile Storekeepor at Waltham who vI s ited them frequently and some of the 
buildings at botil places still ex ist, converted Into cotta.ge s (Transactions, N8Ivcomen Society, 
1938, p. 61). Cylinder burning \-las transferred to Faversham after the Napoleonic Wars, when 
these two small viorks seem to have been closed down, and to Waltham in 1831. 

As far as one can tell from his book, BIshop Watson seldom vIsited hIs dIocese and never 
lIved there. He had to gIve up hIs CambrIdge appointment In 1787 because of hIs health and 
then went to live in I-lestmorland and occupIed himself as an Improver of land and planter of 
trees. His health Improved and he made money, whIch gave hIm satisfactIon In that he had by 
hIs own efforts counteracted the effects which might o,therwise have followed the neglect he 
experienced from the Court or 1 ts Ninisters, so that he was able to pity and forgive the 11 ttle
ness of mind whIch occasIoned it. 

He did not believe In ChrIstian MissIonarIes ("they are more interested In bringIng over 
dissenters to episcopacy than In converting the Heathen") but belIeved that ChristianIty would 
be better propagated by the extension of scIence and commerce. He thoug~t RussIa would 
Christianize Japan, ChIna and Tlbe~ and England would do the samb for IndIa. 

He contInued to ,publish sermons anq pamphlets such as one In 1796 "An Apology for the 
Bible", being a defence of that HolY Book against the scurrilous abuse of Thomas PaIne. He 
continued to press for an understanding with France and for an honourable Union on equitable 
terms with Ireland, which took place In 1800. 

He became an authorIty on agrIculture and pressed for £10 millIon or more to bring into 
cultIvatIon all the waste land in the Country and for the tax to be taken off coal carried 
coast wise and used in burning lime for agriculture. 

When he heard that the poet Cowper was in a very depressed state of mind he wrote a letter 
to him, although he did not know him personally, speaking of the great pleasure he had derived 
from a re-reading of the poems which impressed by the way they supported the cause of pIety and 
virtue and invited hIm to come and enjoy the hospitality of Calgarth Hall, hIs home in the Lake 
District. 

When hIs son marrIed in 1805 he wrote to the Duke of York asking hIs protectIon for him in 
vIew of all he (the BIshop) had done to support the relIgion and constItutIon of the Country. 
ThIs solIcitatIon of favour was a success and the son was promoted from Major to Lt. Col. In 
the 3rd Dragoon Guards. 

ThIs remarkable man continued, in spIte of fallIng health, In good works of all kInds. 
In i805/6 he planted 22, 500 larches on the shores of Windermere -and- lmptoved- over 150 -acres 'of 
land not worth 2/- an acre. He wrote a paper on thIs work for the Board of Agriculture and 
was gIven a gold medal inscrIbed "PrIvate Wealth and Public Strength". He worked for the 
gradual abolItion of the slave trade and slavery. HIs idea was to refuse to allow the Impor
tation of more slaves and to lIberate all children of existing slaves at the age of 21. 

He thought the educatIon of the children of the poor deserved the consideratIon of the 
Government inasmuch as a proper educatIon is the parent of piety and good morals. He did not 
think this education should be free and felt that very few parents could not spare 3d. a week 
for 2-3 years for the education of each of theIr chIldren. 

He was asked to .. lrIte a refutation of Malthus' "Essay on Population" but replied that he 
had only read far enough to discover that the author was trying to show the utili ty of brIng
ing the population of the earth dOvID to the level requisite for its support whereas he thought 
that he would have been better employed in investigating means of increasing the subsistence 
to the level of the population. 

His oppositIon to what the Whigs regarded as the increased and increasing influence of 
the Crown apparently annoyed the KIng greatly and "Ihen an opportunity arose for hIs translation 
to the ArchbIshopric of York, Pitt let him -know that although he was the most suitable candI
date the K1ng would not near of it. He finI shes thI s anecdote by saying "I ought to say with 
St. Paul Thou shalt not speak evil of the Ruler of the people." 
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In 1009 he r ecords th at he vi s i ted hi s diocese ,llld went over the mounta ins from Neath to 
Merthyr Tydvil wher e no con flnnati on had ever been held before. In hi s time it had grown from 
a small village to a gre at town of 10-12 thousand inhabitants . His host was Mr. Crawshaw, one 
of the most intelligent and opulent iron-masters in Europe. In bidding the bI shop farewell' he 
said "If ever you have occas1on for 5 to 10 thousand pounds, I rum entirely at your s ervice". 
He says he was more pleased with this substantial proof of the dislnterp.sted approbation of an 
iron-master than he could have been with an archbishopric obtained by selfish subserviency to 
the despotic principles of a court. 

In th e next fe .... 1 years he suffered a succession of ,mUd strokes ~d, while his bodll;y 
activity was restricted, hIs mind seems to have been as alert and vi gorolls as ever. A typical 
remark of thIs period in answer to a query about refonn in the representation Of the people 
was "I have never seen a plan calculated to do much good. As the old Duke Of Newcastle said 
lit is cheaper to buy the elected in the House of Commons than the electors in rotton Burghs'". 
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C IIAPTElt V 

PROGRESS ~ FROM THE TAKE OVER TO TIlE TUHN or TIm CENTURY 

It has already been ShOl,vrl that the works at Waltham were not in particularly good condi
tion when they were taken over by the government. No contemporary account has been found of 
just what -laS talcen over, but Frederick Drayson's 1830 "Treatise on Gunpowder" previously 
referred to contains an introduction whIch says: 

"When purchased by the government in 1787, the Factory consisted of a saltpetre refinery, since 
pulled dOwn, a composi tlon mill worked by horses, a mixIng house, seven gwlpOI'ider mills, a 
corning house worked by horses (destroyed in 1801 by an explosion and not rebuilt), a dusting 
house and two gloom stoves. It might be considered capable of producIng 6000 barrels of gun_ 
powder annually. It drew only a small proport1on of the stream of the River Lea, the remainder 
being divided between tlle Cheshunt and Waltham Abbey Corn Mills. These were eventually pur
chased and more gunpowder mills etc., erected, and in 18i3 25,000 barrels were made." 

Ohe' of the f1rst steps taken by Congreve towards increasing the capacity of the factory 
I'las to build new gloom stoves, a surpr1s1ng step for a man wi th such an advanced outlook, for 
in E. Jacobs' IIHistory of the Town and Port of Faversham" (1.774) it is stated that in the works 

. at Oare (privatelY owned and never part of the Royal Factory lithe act of drying the gunpowder 
is effected by the means of a constant stream of hot water, conveyed under the copper frame 
whereon 1t is placed to dry. This new contrivance is said to answer the purpose exceeding well~ 

Be that as it may, gloom stoves were sllccessfully used for many years and we have no 
record of any accidents due to them in spite of the somewhat alarmist view taken by Coleman 
(AppendIx 3), but rIsks must have been considerable as the following let~er shows: 

"To the Comptroller of the Royal Laboratory. 

Sir, 

Royal Powder Mills, 
YJal tham Abbey, 

25th November, 1791 

We beg leave to report the following particulars respecting the 10'tJer powder stove upon 
the bank at this place. 

Soon after the purchase of these premises the upper of the Chimney was observed to be 
cracked but as it had been many years in the same condition it was not supposed to be of 
dangerous consequence. 

On Tuesday last (the stove being set and a fire lighted) the stoveman thought he saw 
smoke come through the tiles. As soon as the heat of the stove was reduced and the staving 
of powder drawn, the Storekeeper got into the loft over the stoke hole and observed that a 
wall plait of fir was laid into the chimney and if continued must be very near the flue and 
thus dangerous. The brickwork of the chimney appeared to be in bad condition. 

We therefore thought it right to take down the chimney and found the wall plate and ends 
of the rafters (which support the roof over the drying room) burnt to a charcoal, there being 
only a single brick la1d lengthways between the fire, which sometimes rises to a considerable 
height in these chimneys, and the wall plate and rafters. There vias a half inch opening bet
ween the heads of tvlO brick.s, there being no mortar between them, just at the part where the 
wood is burnt, the plait viaS likewise laid wi thin two inches of the flue at the angles of the 
chimney. 

We are using every dispatch to get this chimney rebuilt as we \Vant the use of thIs stove 
very much and shall, with the. advice of Barnes make a safe and compleat job of it. 
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Th e cll1mney in t he stove near Gallows Gat e 1s built upon a differ ent, plant. We mean co 
inspe ct it more parti cularly tomorrow after a stoving of powder i s drawn. 

We hope that you will approve Of the steps we have taken. It r eally appears miraculous 
that the stove should escape taking fire. 

We are, etc., etc., 
James Wright, Jno. Clowdesley." 

By the re ference to the lower powder stove upon ,the bank it is , not entirely clear what 
building is referred to but the juxtaposition of the "stove near Gallows Oate" seems to indi
cate that the trouble was in the building referred to by Farmer as "the little s tove". It is 
possible that these two stoves were still operating on the old principle and the "glooms" set 
up by Congreve in 1788 had not yet entirely displaced them, but in any case the problem of 
makIng a flame and spark proof joInt between the brickwork and the cast iron gloom must have 
been well nigh insoluble. 

By the time production started up in 1789 there were ten serviceable Incorporating mills 
working 30-36 lb. ch~rges at 6 r.p.m. for four hours, horse mills for charco~l, sUlphur, and 
saltpetre, and a horse driven corning house. There were also the ' necessary build1ngs for 
refining sulphur and saltpetre, and charcoal was burnt by the pit process 1n the factory. 

A return of "Officers, Artificers, Labourers etc., necessary for carrying on His Majesty's 
Service at the Royal Powder Mills at Waltham Abbey" reads as follows: 

Respective Officers (Storekeeper 1 at £150 p. a. 
(Clerk Of Cheque 1 at £90 p. a. 

Clerks 1 at £70 P. a. 
1 at £60 p. a. 

Master Worker 1 at £90 P. a. 

SUrgeon 1 at £54.15 p.a. 

Mixing House Man 1 at 21/- per week 

Labourers for the M1xing House 3 at 10/6 per week 

Millwright 1 at 21/- per week 

. Carpenter 1 at 17/6 per week 

Cooper 1 at 17/6 per week 

. Storehouse Man 1 at 14/- per week 

Stovemen 2 at 101- per week 

Millmen 12 at 12/- per week 

Labourers for cornIng house & glazing engine 11 at 10/6 per week 

Saltpetre millmen 2 at 10/6 per week 

Charcoal & sulphur millmen 2 at 10/6 per week 

Dusting Housemen 2 at 10/6 per week 

Office keeper 1 at 12/- per week 

Bargemen 1 at 10/6 per week 
1 at 9/-. per week 

Labourers (TO mark powder barrels 1 at 10/6 per week 
(To set and draw stoves, weigh powder, etc •. , 3 at 10/6 per week 
(To assist the bargemen to cut weeds, etc&, 3 at 10/6 per week 

Charcoal burners 2 at 10/6 per week 

Wardens 3' at 10/6 per week 

watchmen 6 at 1/- per night 
each 
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1I0rsc\ceepcr (to be found l)y can trne to!') 

Refiner of Saltpetre 

Labourers to refine saltpetre 

Apprentices 

To Master Harker 

To Refiner of Saltpetre 

Mixing House Man 

" MIllwrIght 

N Carpen tel' 

Extra ALLolvances to Officers, etc., 

Storekeeper for house rent, coal and candles 

Clerk of Cheque 

Clerics 
" 
" " 

" " 
H 

Master Worker in lieu of coals and candles 

Refiner of Saltpetre in lieu of coals and candles 

Extra pay to stovemen for night work 

" millmen " " 

Extra pay to bargemen when employed in the barge and 
absent from the mills. 

Extra pay to charcoal .burners wIlen in the cOlliltry 
charring wood. 

1 at B/- per week 

1 at 17/6 per week 

6 at 10/6 per week 

1 at 71- per week 

1 at 7/- per week 

1 at 7/- per week 

1 at 7/- per week 

1 at 7/- per week 

£25 p. a. 

£20 p. a. 

£15 p.8. 

£5.5. P. a. 

£4.4. p. a. 

6d. per 
night each 

3d. per 
night each 

1/6 per day 

Foreman 1/6 per day 
Assistant 1/- per day 

In October 1785 the Comptroller issued from Faversham a set of "Orders" which formed, in 
effect, the first factory rules. They are so sound that they are worth quoting in full as 
showing they way in which they have formed the basis of all later.rule books and much good 
explosives practice. 

1. If any workman belonging to the Royal Mills wears his slippers out of those 
parts of the Works where they are intended to be used for safety, or wears his own 
shoes into any of the said works, any such workman is to be chequed a d37s pay for 
the first offence and if they shOUld so far forget the duty they owe their country 
as a second time to run the risque of blowing the works up, through such negligence 
they are to be discharged and on no accollilt to be entered again. 

2. The respective officers will please to give the strictest orders for having 
the several works cleaned out whenever they· require it, and the cleaning is not to 
be confined to the floors only but to every part of the machInery and buildings to 
prevent any accumulation of dUst, which in a powder manufactory must be attended 
with the greatest danger. 

3. The hinges of all doors and window shutters are to be kept weel oiled, also 
the pulleys over which the window lines go and the grooves in which the sashes slide 
to be brushed and scraped as often as occasion requires to prevent any dangerous 
friction. The cogs, axles and other parts of the machinery to be kept well soaped 
and oiled hitherto been the custom. 

4. The Pulleys belonging to the valves of the Powde.r Stoves must be carefully 
ex~ined and if there is a possibility of the ropes rubbing against wood or if 
the sheaves of the pulleys are Inade of wood they must be altered, so that the 
ropes may rub against copper, and the sheaves be made of the same metal. 
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5. Whenever the Powder TlUnbrlls are required to come near a building in willch powder 
Is contained, brick rubbish must be laid on the ground after it has been very carefully 
examined that no flint or other stones remains therein. 

6. Each of the corning houses are to be completed with canvas receIvers in the dust 
troughs and a canvas curtain sImilar to that ordered for No. 1 corning house. 

7. When barrels Of gunpowder are lIfted out of boats to be stored In the magazines 
or powder vessels, the strictest attentIon must be paid to have them brushed allover 
with a soft brush to prevent any grit hanging to them. The wheelbarrows on which they 
are to be carried, the hold of the vessel in which it is to be laid to be cleaned in 
the same manner. 

8. All the wheelbarrows which are used to carry powder are to be fitted with copper 
hoops and gudgeons instead of iron. 

9. The floors of the cooperage must be kept as clean from sand or gravel as the , 
magazine and the coopers must work in their magazine slippers to prevent any grit 
adhering to the barrels or charge tubs, and before any of the articles' are issued 
from the cooperage they must be well brushed and cleaned." 

Great efforts were being made at tilis period to tighten up diSCipline, particularly with 
regard to timekeeping and locking up of buildings, The roofs of buildings were whitewashed and 
the building of traverses started. Frequent reports occur of men being taken off their watch 
and having their pay checked for arriving at work drunk, being absent without leave, fighting 
or having nails in their shoes. An order was issued in December, 1789 that no strangers were 
to be admitted without a written order from an Ordnance Board Office. This instruction is 
repeated from time to time in the following years and appears to have been difficult to enforce. 

1790, the year in which Burke's "Reflections on the French Revolution" was published, was 
a quiet one at the Factory. Negotiations were in hand for the purchase of the Waltham Abbey 
and Cheshunt Corn M11ls, so that possibly the troubles to come and the need for increased out
put were foreseen in Government cIrcles. There were two or three mill explosions which did no 
serious damage but at least roused the Storekeeper to protest about an order that the fire 
engines were to be sent to the Tower to be repaired and to suggest. that, in the interests of 
safety, they should be inspected and put into order on the spot. The Comptroller saw fit to 
congratulate the factory on the quallty of the powder they were making, so that it is clear 
that the strenuous efforts beIng made to Improve conditions were having some effect . 

'l'he {text year or two was a per iod of conso11dation and llr epar E!-tlon for more intensive 
production. Discipline, safety, methods of working and production capacity continued to engage 
the attention of the officials. 

perhaps one of the most striking instructions of the period and one that has never yet 
been rescinded in the Explosives Royal Ordnance Factories was one from Major Congreve on May 
17th, 1791 that men were not to be employed on task (1. e. 'piece) work "because it is a dangerous 
temptation for the' labourers to slight their work". Traverses were erected for the first time, 
more frequent and drastic action was taken against men found with nails in their shoes or coming 
to work in liquor. 

The SUrgeon who, as we have seen, received almost exactly the same pay as a mixing house 
man and rather less than the lowest paid clerk, also received from each employee the sum of 6d. 
per month, for which he undertook to look after them in all sickness, his offIcial duty beIng 
solely to take care of them "in cases of SUrgery such as being burnt or any hurt they might 
receive in the Service". 

At the begInning of 1793, England together with Prussia, Austria, Spain and Piedmont, was 
at war with France, but in a somewhat half-hearted way, as half our Army was away in the West 
Indies there to die of fever , and PrussIa was much more Interested In capturIn~Poland, wIth 
whom she was not at war, than In earnIng the subsIdIes we were payIng her to fight France. 
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One ll't·;[' ,)r:; t..l n,.; ~.;ld':' .Ll e:hc on tri·:: e f fect o f the ~; ltua ti Oll on ti1e factol''y 1:.: a lett.e r dated 
80th July, 1783 t o t rw !)ul,e of Hichmond af;klng for protecLion agaIns t be in g "deta1ned by trle 
Iinpl' es s Of~l ce " (I. e . ~r 8 s r.>-Gang8d) [or t.hree baq:;emen constan tly employed In the transport Of 
gunpo\-/(jer t e t\~e en Haltl13m 8nd Hooll·11 ch . 

By tl1e mtdclle of 1793 Su..'1 clay vlor!dng Vias introduced, in the fir st place because of short
age of 1·later, but continued as the demands for gunpowder contlnued to ri se. 

In May, 1794 the Waltham Abbey Volunteers were fanned "to learn the l1anagement Of F1eld 
Pieces - in order that tl1ey may be serviceable as artillerists in case of invasion or other 
civil commot.ton". The men unanimous ly voted in favour of joining and to l earn the job a fter 
\'lO rkins hours in the even Ing ,"lthout pay. A smart uniform no doubt helped as also dId one 
gu inea l evy money paid t o each man. 

One wonders whether pressure of volunte e r duties \'las in any way responsible for a series 
of complaints about t .he quality of the powder being made at Haltham which commenced about 
Oc tober, 1794 and went on \4ell into 1797. The quality of the charcoal was generally blamed 
and teethl :l'::; trouble s with the introduction of cylinder burnt charcoal seem likely to have 
pl ayed some part. 

There Is quite a bat ch of correspondence wIth regard to an allowance to be paid to one 
J ohn Hart , a loc al tradesman , 1-1110 had supplied the fac tory wi tl1 clocles and timepieces (time or 
re.ther revolution indIcators driven by the villeels of the water mllls, an early type of instru
mentation) fo r five years. He visi ted the f ac tory at least twice a week to regulate and 
inspect these ins tnlmen ts , only charging for such repairs as were found necessary. In January 
1794 he asked for a yearlY stipend to be allowed for this duty and no reply was received till 
Nov8r.lber, by It/hich time he had been langui shing ill prison for debt for several months. lIe was 
doubtless gratifIed to receive 2/- a It/eele retrospectively and it may be hoped that this was 
enouVl to discharge his debts. 

The end of 1794 and beginning of 1795 seems to have been a perIod when a variety of 
troubles desc ended on the unfortunate Storekeeper. Major Congreve had be en ordered to Flanders 
a year earlier to command the force of Artillery so that the factory seems to have had very 
little guidance or help from outside. On December 1st he writes that all work VIas 'stopped on 
account of a most astonishIng flood, and again on January 15th on account of frost. Flood and 
frost seem to have alternated right up to the middle of February and to have been exceptionally 
severe, holding up manufacture and transport. 

In Fr~~ce . the Reign of Terror was at its height and there were repercussions here. A fire 
at . the Faversham Harks and an explosIon at the magazines at .Il.fl.rtford were supposed to have been 
the work of incendiaries. 

Extra watchmen were taken on at Waltham and everyone warned to be on the alert. Further, 
three sober and steady men were employed as "rounders", one each night alternatelY, to go 
round the premi ses at various hours of the night and see that the watch and mlllmen were alert 
at their duty, for which service a proper allowance wa.s considered to be 1/6 a night when on 
duty. 

The spirit among the men does not seem to have been too good, for when three extra men 
'tiere employed as "occasi onal millmen" to fill in duties when the ordinary millmen were sick or 
absent a series of attempts was made to sabotage their work by adding \'later to the charge Just 
befor e it \'las due to come off. One mlllman was discharged for frequently being absent without 
l eave and l eaving hi s mill running without attendance while he went into the town and got 
dru..'1k. He got his own back to some extent by accusing one of the new millmen (not without 
justification) of seal1ng wood from the fac tory. 

Technical progress 'lIas beIng made. A steam stove Itlas completed and put into operation in 
J1.me, 1795. The firs t load of cyl1nder charcoa.l was received in April 1794, presumably from 
Hythe, as men tioni::il by Bi shop Watson (Chap . IV). I t was not till AUf,Ust 1795 that the charcoal 
\./or}r..s at F'1sher Strl~e t i f! SUssex v/ere erected, those at Fernhurst foll owing in May, 1796. The 
cl1?nG8- over to cy11nd," r '0 urn t c11arcoal toge ther I"ith, perhaps , the di vi s ion of effort and 
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attention to volunteer duties, seems to have involved a certain amount of teething troubles 
for there are many complaints of poor quality gunpowder at this pertod. It was not till March 
1800 that a letter was received from the Board of Ordnance expressing gratification th a t RIfle 
Powder similar to that made at Battle could be manufactured at Waltham Abbey. There after com
plaints are very few. 

In a paper read before the Newcomen Society In December 1937 Messrs. Dickinson and Straker 
state that In the course of researches on the SUssex Iron industry they found, still in exis
tence, buIldings that had obvIously housed the charcoal works at Fernhurst and Fisher Street, 
now turned Into cottages. They are stIll (1962) there and look firm substantial buildIngs. 
Bricked up arches are still visIble and tradition is preserved In names, for the Fernhurst 
site, on the maIn road (A 286) halfway between Hasl emere and Midhurst is named "CYlInders" on 
the 1" Ordnance map and the FIsher Street sIte (about 1 mile North of North Chapel on the A 283 
road) is down a side turnIng known locally as "CylInders Lane". 

In the second edt Clon of Arthur Young's "Agrlcul ture of SUssex" (1808) there Is quI te a 
detailed description of the operation of the Fisher Street plant and this is reproduced as 
Appendix IV. 
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CHAPTER VI 

GUNPOWDER FROM 1801 TO THE COMMENCEMENT OF GUNCOTTON MANUFACTURE 
·· .... ; .. ii.: , .. "\,,,...--:;--

On April 18th, 1801. there toole place the first maJor explosion Hhich had occurred since 
t.he factory came into gO'lerrunent hands. ThIs is described in some detail in Chapter XII. The 
accident, In which nin e :nen and four horses were k1lled, caused a certaIn amount of disquiet 
among tIle workers and 2. petition from the foreman and men of the Corning house asked that the 
floor of that building might be covered with tanned hides as was done in the magazines. 
Congreve I, the Comptroller, refused this reques t on tIle grOlmds that he thought the hides 
,,/Ould not be so safe as a boarded floor frequently sprinkled with water. At the same time he 
asked the Board of Ordn211ce to apply to the Royal SOCiety to suggest tm, best floor covering. 
A commi ttee was appointed to vist tIle Hills, and l1essrs. Angell and Son were ordered to send 
dOl-'lIl some refreshment fa:, the Committee at their meeting. Unfortunately their bill has not 
been traced, so that we are never likely to knOl-l the extent of government hospitality provided 
for these very dlstin~Jished visitors. 

The Visit duly toot place and the Committee, headed by SIr Joseph BanIcs, the President, 
and including Coun t Humford and Henry Cavendish, expressed the opInIon that no danger was to be 
apprehended 11 from such exc l tation as can b.e produced by wallcing or rollIng barrels upon hides 
a3 now used to cover the floors of the Nagazines etc., even when used without being previously 
wetted , nor will there be any danger of explosion from electrical excitation from the use of 
silk dusting reels in tn" manufacture of gunpowder. 11 They \'lent on to say that for other parts 
of the 1tI0rIcs, hides had the disadvantage of affording a lodgement for the dust of the pOlolder as 
they did not lie close upon each other or upon the floor. They thought that some uniform 
material of sufficient size to cover the wl101e floor, such as painted floor clott! would be 
preferable. 

By i804 there was again a shortage of powder and in September the Board approved a scheme 
for the erection of six horse mills and stables with the greatest expedition. By October, three 
more horse mills, a new magazine and enlargements to the mixing house vlere also approved. By 
the end of the year it \o/as estimated that 20,000 barrels could be manufactured annually includ
ing SUnday work. Although horse mills had been commonly used in Walton's time it was found 
necessary to write to Faversham for full instructions for the setting up and operation of horse 
mills. Their very detailed reply even states that the manure should be equally divided between 
the Storekeeper and the Clerk of Cheque. The new magazine above referred to (tIle "Grand 
Magazine h ), built on Paine's Island for 1,500 barrels of gunpowder, was still In use (as a 
Tetryl Box Store), when the factory closed. 

To;'iards the end of i804 Mr. Hilton, the Factory Surgeon, asked if he could be supplied 
wI th the apparatus "for the recovery of the apparently drowned" recently approved by the Royal 
Humane Society. It was promptly secured and is still preserved at the Establishment. It is 
contained In a baize 11ned, brass bound polished mahogany box with the Board of Ordnance Arms 
engraved on a brass medallion on top. In addl tion to a large pair of bellows there are bottles 
labelled "Spirits of Hart"3horn", "Cordial Mixture", "Camphorated Spirit" and "Emetic Tartar", a 
lead box labelled "Tobe.cco", a pewter box marked "Common Salt", a tinder box, a flint and steel, 
various nozzles ill1d fleAlble connected tubes ir.genlously contrived out of wire bound leather, a 
small ivory syringe, aeon-lOad funnel for blowing by the mouth and a perforated brass box 
covered 'tIl th wood wi th connections at top and bottom in tended for burning tobacco or other 
herbs. 

The instruction shee t reads as follows: 

Descripticn and Directions 
for the use of· 

The Apparatus for the Recovery of the Apparently Drowned 
recollunended by 

The Royal Humane Society 
and made (by tllelr appointmen t) by 

J.H. Savigny 
Surg<;;on's Instrwnent Hater, 28 King Street, Covent Garden 
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"'1'118 Inst,ulIlCllL paru, conta ilkJ .lll ttw~;e clwGt:; be1n l~ intended fo , tho oouble purpose of 
in fla tine; tho lW1 !:.c> Llnd convey ing tlle [Wile S a [ tob acco or other herbs in to tile body, it may be 
ne cess:1t'y to explain tlle !Oode o[ connect in ~ tllem in order that these effects may be produced: 
for the [onner,tl}e short thick ivory pipe constructed to occupy tlle whole o[ one nos tril, 
while t11e other i s closed by the pressure o[ the fIngers, i s to be screwed Into one end of the 
short flexibl e tube and the box mouthpiece (if the breath of a healthy person is employed), or 
the bellows (should atmospheric air be employed) to the other. If, from contractIon or adhe
sion of the epiglottIs, the introduction of the short ivory pipe into the nostril should prove 
in suf1'1cient, it Is to be removed and the curved silver tube screwed on in 1 ts place; which 
in troduced through the nostril or mouth, and passing beyond the glottis, overcomes every impedi
ment and accomplishes the intention. For the l atter, the bellows or mouthpiece, whichever may 
be preferred, or at leisure is to be connected with the upper part of the brass box (enclosed 
in wood), filled with herbs or tobacco, whose lower extremity must be fixed to one end of the 
long fl ex ible tube, and, to the other, one of the Ivory pipes for the rectum, as the mos t con
venient size shall determine. The herbs being lIghted by the insertion of a piece of lighted 
tinder, or by the fllli~e of a candle directed upon them with the curved silver tube, their fumes 
will be ejected by the actIon of the bellows or breath. Under the bellows will be found a 
syrInge with a flexible tube, for conveying a small quantity of stImulating liquor into the 
stomach ' of the patient. The other compartments, boxes and bottles in the chest are intended to 
contain the necessary spIrits, drugs, salt, cloth etc. that may be required." 

The problem of public access to the factory still seems to have been acute and In April 
1805 Congreve gave ,instructions that ther'e was to be a dailY Warden at the Watch House on 
Paine's Island to prevent improper people going near the magazine and to suffer no one to carry 
a gun across the Island or to smo!l:.e pipes thereon. The Wardens were not to carry firearms but 
pikes and sea servIce hangers. 

At the same tIme the Storekeeper, James Wright, whose salary had been increased to ~300 a 
year with a rent free house, and who seems to have been SUperintendent, PrincIpal Clerk, Chief 
Engineer, and Production Manager all in one, under the Comptroller of the Royal Laboratory, Vias 
told by the Board that his accounts were shamefully behind, rendering the office lIable to all 
censure. He mildly replied that he was already worlcing ten hous a day seven days a vleek and 
that it was ever his wish to discharge business with care and faithfulness. He must have been 
a busy man for he also visited from time to time the charcoal works in SUssex. 

At this time too comes the first mention of Factory Clothing, for in the accounts vie find:-

To: Thos. Coleman for 27 White Russia Frocks at 6/6d. each £ 8 15 6 

25 prs. Trousers at 5/- each £ 6 5 0 

23 dyed drab frocks at 11/6d. each £13 4 6 

To: Ann Rolfe, call armake r, to goods £19 17 1 

To: John Carr, for 36 prs. shoes at 7/- £12 12 0 

To: Isaac Ireland, to 2 doz. gloves £ 1 8 0 

Petitions for increases of pay were made occasionally but seem to have had little effect. 
For in~ tGnce on January 1st, 1806, the Board annoUnced that they did not approve of double pay 
for mere working on Sunday but in 1808 it was agreed that factory workmen acting as watchmen 
were not to be employed more than half the night and were to be paid 1/6d. 

Hater shortages continued and the Cheshunt and Haltham Abbey Corn Mills were eventually 
purchased and closed to ensure an adequate supplY for fac tory purposes. These drastiC measures 
seem to have be en effectiv<J for production in 1809 was 20 ,050 barrels, in 1810 20 ,688 barrels, 
1n 1811 21,252 barrels and in 1812 21,033 barrels. In 1813 the maximum of 22,398 barrels was 
reached. To achieve these results more land had had to be bought and buildings erected and 
extended, and in 1814 and estimated production of 30,000 barrels was to have resulted from a 
further total expenditure of 5:51,122. 6 . 10d. \~ellington' s defeat of Soult a t Toulouse in 
April, and the depos1tion of Napoleon quickly changed the picture and by l1ay the best way of 
reducing the es t abli shment was under di s cussion. Only 10,161 barrels were actualLY made. 
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flta ! I hac! not only Increased ~reatly, but Viart.lme eond] tions Iwd caused con3iderable 
rl se:3 In P9.Y. Tt18r8 ,-Iero about; 250 men employed .tn 1813 and the Hages bill amounted to 
5:17,212. Til e Stor ekeeper now r ece ived £:350, the Clerk of Survey £200 and tile Clerk of Cheque 
£.150, tl18 master worker got £,130 and the 'sHrgecn ~,63.17.Gd., with, in most cases, additional 
all o~tances for coals, candles and house r ent. F'oremen re ce ived about 4/- a day, millmen 3/-, 
2/8, coopers al1d coppersmi ths 4/G. In addl tlon most of tll8 men engaged on production were 
allowed to do wa tch duty every third nI ght at 1/6d. a n.t ght and millmen working at night were 
allOlved 8n extra sIxpence. 

Trouble in Europe was not entirely over, however, and in March 1815 Napoleon escaped from 
Elb a and re-entered Paris, not be ing finally defeated by Hellington at Haterloo till June of 
that year. Haltha.m tlms remained busy and 15,790 barrels of powder were made. Thereafter 
produc tion was greatly reduce d and for the next fe .. ., years VIas in the neighboUrhood of 1, 000 
barrels. 

Tl1e fac tory, though its staff was reduced, was not entirely neglected. A new type of 
granul a ting machine des igned by Congreve II was installed in 1816 and during that year several 
houses vle re bought for employees. A certain amount of tI1at would now be called civil work was 
lmdertaken, 1, 000 tons of sulphur being refined and cast into rolls in 1818. The corn mill 
bought several years earlier was reopened for its original purpose and produced a revenue of 
5:2, 000 a year. 

In sP ite of these efforts to ease the effects of 10Vl production, in October 1820 it was 
decided to work only four days a week, the foremen and labourers being encouraged to try to 
ge t wort elsev/here on Mondays and Tuesdays. Further redundancies toolc place in 1822 when a 
total estab lishment of 34 was decided on. pay for labourers was also reduced from 14/- a week 
to 12/- and this in spite of the fact that refined saltpetre was being made for the trade and 
the cooperage was kept busy making cement casks for Harwich. An attempt to reduce the £50 paid 
to the Curate of Waltham Abbey for the performance of Divine ServIce on Sunday evenings for the 
benefit of the men who were liable to be employed on Sundays was not successful and this allow
ance continued for at least another 60 years. 

In 1826 a complaint was received from Woolwich that the service powder had lately been 
found inferior. A select Committee was appointed to enquire into this and eventuallY reported 
that it was due to either the powder itself or the charcoal having lain in store too long. 
The Board ordered that an annual report should be made on the strength of the pO~/der and that 
a mortar and gun eprouvette should be installed at Waltham Abbey. These complaints perSisted 
for another year or tv,o and then died out, without any further apparent action having been · 
taken. 

In 1825 the old government factory at Favershanl was leased to Messrs. Hall, who had 
another factory nearby, thus leaving Vlaltham In a rather isolated and responsible posi tion. 
Money for keeping it in order was severely rationed and in 1829 a Committee w~s appointed to 
report on the improvements necessary to bring the Royal Factory to its utmost efficiency. 
Three officers, Col. J. T. Jones, C.B., R.E.; Col. Sir Hugh Frazer, K.C.B., R.A. and Major 
Thomas MoodY, R.E. comprised this committee and their very business-like report showed that 
water pOVier shortage was still one of the main problems to be faced. 

In the first months of 18i4 production at the rate of 25,000 barrels a year had been 
achieved, tl1e available \-/ater power being assisted by 50 horses. Hi thout these animals only 
15,000 could have been made. After the war two old water Plills, 9 horse mills, 2 corning 
houses lt/orked by horses \-Iere taken down and none of five existing horse composition mills were 
serviceable at the dat e the COIlUllittee reported - Tile only machinery in a condi tion to work 

consisted of:-

5 Gunpowder Mills in a state to do the work of 4 efficient ones 
1 fi tted up as a composi tion mill 
~ fitted up to break mill cake 
3 Corning HOllses 
1 Glazing Mill 

· 1 Dusting Mill 
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TIle gunpm"Ller mllls \"e1'e all much worn 811d lmstable and some were ere·cted on defective 
principles. It was painted out that the very limited expenditure, authorised by the Board 
since the war had beon judiciously applied by the executive officer to keeping the more service
able machinery of each nature of operation so far efficient as to ensure some power of reviving 
the manufacture shoUld service demruids require it. 

The establishment of workmen was altogether unequal to the full employment of the machinery 
so that maximum possible annual output was not more than 3,500 barrels. 

AS there were no arrangements for charring wood at Waltham Abbey, it was recommended that 
the cylinders at Faversham should be removed there (those in SUssex had been closed after the 
war and Faversham had supplied Waltham's needs). 

Other recommendations were:-

1. All new mills should be placed angularly and not directly opposite each other 
on their respective banks of the mill head. 

2. The water wheels and shafts should be made of cast iron instead of wood. 

3. Powder should be glazed in barrels instead of reels. 

4. Maximum and minimum thermometers to be introduced into the stoves. 

5. Ste31lJ stoves to be used rather than gloom stoves. 

6. As the chief of each diVision or branch of the manufactory regulates his 
practice on partial instructions or established usage and there is no unified 
control it is recommended that some one person, under the title of 
Superintendent, living on the spot should have general control, but each 
Master Worker or Refiner should, by means of instructions from the Board 
specifying his responsibility be protected from all possibility of wanton 
innovation or vexatious interference on the part of the Superintendent. 

It is perhaps hardly surprising to discover that, on October 28th, 1831, Lt. Col. Moody, 
R.E. was appointed SUperintendent, the Office of Storekeeper being abolished. It is, however, 
less easy to understand the fact that in the same year the other Royal Factory, at Ballincollig, 
was sold. 

As may well be imagined the limitation of the SUperintendentis powers suggested in recom
mendation 6 does not seem to have worked too well and in 1840 an order was issued that the 
officers at the Head of Departments should all be subject to the SUperintendent and not any 
outside body. Another committee, a year later, seems to have restored a measure of power and 
freedom of action to the Commanding Royal Engineer and this was a source of trouble for many 
years • 

. An example of the sort of thing that happened can be seen in the events following a 
serious explosion (seven lives lost) Of a corning house and press house in April 1843. Col. 
Cockburn, the SUperintendent of the Royal Laboratory, held an enquiry into the circumstances 
and Faraday was brought in as a consultant. The day after the enquiry the SUperintendent 
(Col. Tulloh) wrote to Col. Hague, the C.R.E., expressing his regret that he had not come to 
the enquiry with Cockburn and Faraday. 

Col. Tulloh seems to have been an energetic and forceful character. He asked that he 
should be allowed to see plans and proposals for tlle new buildings to replace those damaged, 
but the C.R.E. refused to allow this until he received a direction from the Board of ordnance. 
Tulloh notes that a zinc roof was proposed and very sensibly wrote to Faraday for his vIews on 
thIs proposal. The latter replied that any metal roof would be dangerous as perfect metalliC 
contact could not be guaranteed permanently. Though this information was passed on at once 
Tulloh found out accidentally that it was Intended to use galvani"ed iron and another letter 
to Faraday and an instructIon from the Board were necessary before it could be stopped. 
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II e nl:.'o had 0. trc:llICI1C10llS s trur;gle to br lng enout!)1 pres[3ure to bear to preven t bu lldlngs 
being repla.c8l1 exactly as before, though the vast amount Of d:.un age done flne! the fact tha t the 
press hOU :>8 Iva:> set off by tile corn ing house explosion showed clearly tha t safety distances 
\"ere not Er en t enoll[T.h 811<1 th e traverses qui te inade quate.· He r ecommended the purchase of more 
l8nd to pr event the rI ght of public access to the innned1ate vi cinity of buildings which r en
dered the preventIon of smoking impossibl e and made it easy for ill-dispose d persons to throw 
grit or stones on the platforms. It was many years before this was fully implemented. 

\.Jages at thIs perIod we re on the upgrade as the following list shows: 

Master worker 

Maste r Refiner Saltpetre 

HasteI' l'fixer 

Foreman CylInder House 

Foreman - Stores 

For eman - Sulphur Reflnery 

Senior Foreman - Corn1ng House 

Junior 

Foremru1, Glazing House 

Foreman, Plantations 

t1 

£160 p. a. 

45/- per week. 

28 /- per week. 

28/- per week. 

25/-

24/6 

24/6 

22/ 6 

22/ 6 

18/-

" 
II 

16 Labourers - Corning and Granulating Houses 18/-

10 Mill men 16/6 

1 StovemM 

2 Coopers 

12 1st Class Labourers 

14 2nd Class 

2 Apprentices for training as 
1 Apprentice masters 

16/6 

21/-

15/-

14/-

23/-

12/-

" 

" 

Colon el TUlloh took his job serIously and In 1848 he wrote to the Board at great length 
making a case for the reoccupation of the Faversham works to supplement Waltham's output when 
Messrs. Halls' lease expired in 1853. Even if contractors were used to make the pOWder the 
government could not be sure of getting saltpetre of the high grade they required unless they 
refined it themselVes and the capacity at Waltham was quIte inadequate to meet any increase in 
output (then 18,000 barrels of gunpowder a year). 

Though no action seems to have been taken this output was greatlY exceeded in 1855, during 
the Crimean War. 

Little can be said about technlca l progress at this period. The first steam mill was 
bull t In 185.6 and some time previous to this hydra.uli c presses had completely replaced the 
screw type . Improvemen ts were made in the dusting and glazing houses in 1846, but most 
improvements seem to have been matters of detail, not princIple. 

In 1858 , The Secretary of State for War a.sked Sir William Snow Harris, F. R. S., to prepare 
a s t atemen t of his views on the protect10n of buildings from lightning. He visited the factory 
and made reconnnenda tions for a system of l1ghtning conductors for all buildIngs which were 
subsequently accep t ed. It i s interesting to note that the latest War Office Code of Practice 
for Lightning Protec tion (November 1961) says that, on the whole, his recommendations were 
prac ticable and ll ad a solid scientific foundation. 

Conditions of employment seem to have changed very little, and what change there was was 
not always for the better. For instance Col. Hay (Superintendent 1875-1880) took away the 
privilege that a.ll established men had had for many years of having arent-free plot of 
governmen t l and [or a garden. Tllis seems to have followed closely on an order he issued that 
men were not to cut vegetab le s on these plots on Sundays! 
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Police ~Jere first stationed in the factory .in 18GO and the nIght "rounder3" and watchmen 
were then dlspenseJ with. These duties had been paid [or, so the arrival o[ police must have 
meant a reduction o[pay [or many o[ the men. 

In 1869 Dr. Priest, a local Dracti tioner who served as "acting surgeon" to the factory 
started a series of annual reports. He was having a drive against the terribly unsanitary 
conditions prevailing in the factory and in Waltham New Town, where many of the men were .. living. 
The level of the cess pits of their houses was normally only inches above the level of the sur
rounding streams, and in the flood conditions that prevailed nearly every winter they lived in 
a lake of sewage. The local authorities refused to take action and made great difficulties and 
delays even when he spurred them on by writing to and visiting the Local Government Board and 
Members of Parlia~ent. He won in the end but it was a long and hard struggle. 

In 1871 he reports that "a case of small-pox has occurred in the family of Mr. Richard 
Adams, master worker. The patient has been placed in an upper room isolated as much as possible 
and 1'[r. Adams directed to reside in the factory and hold no communication with his family until 
the infection danger is at an end". 

Dr. Priest was clearly a man of intelligence with the courage of his convictions. It was 
long after 1872 before the dangers of nitrous fumes were generally realised, but in his report 
for that year he says "The employment of men and boys in the guncotton factory has not harmed 
their health, but I fear It may unless means can be found to carry off or decompose the gases, 

' .. as a man's lungs cannot bear with impuni ty the breathing of nitrous acid fumes for any length 
of time". 

In 1877 the approved list of articles required in a factory accident ward was as follows: 

Bas ins and Jugs 

3 Holdalls 

SCissors 

Tweezers 

Flannel, red 

Corkscrew (for opening bottles of brandy etc. to b~ used as 
medical comforts). 

Holland 

Thread, whi te 

Pins & needles 

Skin, gold-beaters 

Ink, marking (for writing labels on holdalls). 

In 1870 the factory contained 32 pairs of Incorporating mills, some driven by water and 
some by steam. They could incorporate annually materials for about 27,580 barrels of large 
grain or 13,690 barrels of fine grain gunpowder. The number of men employed was about 150. 
All the processes preparatory to the actual manufacture of the powder were carried on in the 
factory in order to ensure absolute purity of the finished artIcle. These processes included 
the refining of Sulphur and Saltpetre and burning of charcoal in cylinders. 

In 1872 modern explosIves manufacture began. A guncotton factory was erected in buildIngs 
whIch abutted onto the principal street of the town and had formerly been the saltpetre 
refinery. From this time onwards the history of the factory is so closelY allied with that of 
the manufacture of the main modern mIlitary explosives that it can best be SUTI@arized in a 
brIef history of those materials. 
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CHAPTER VII 

"A DANGEHOUS RIVAL TO GUNPOWDER" 

On August 25th, 184<3 , Christian fri edrich Schonbein, Professor of Chemistry at Basle, used 
these \,ords in a letter t,) F'araday with reference to the guncotton he had just been demon-
strating at Hoolwicll Arsenal. On May 27th of that year he had announced at a meeting of the 
Society of Scientific Research in Basle that he had produced a powerful new explos ive by the 
action of a mixture of sulphuric and nitric acids on cotton. 

A month or t.fO earlier he had sent samples to F'araday, Herschel and Grove in England and 
the l ast name d demonstrated some of its properties at the Bri ti s n Associa.tion Meeting at 
Southamp ton . The Inventor came to England in August and demonstrated the n ew material at 
Woolwich Arsenal so successfully that further demonstrations for Wllich the government paid 
£1, 500, \<Je re arranged. ihey took place in October and aroused great interest in mining and 
Army circles. 

Thus opened the era of high explosives. Great interest was aroused in France, England 
and Germany. An Engiish patent (No. 11407) was taken out in the name of John Taylor, of 
Adelphi, on 8th October, 1846, describing the manufacture in cons iderable detail. Bottger, 
Profe sso r of C~em i stry at Frankfurt, had independenqy .. dl,scovereQ. guncotton shortly after 
Schonbein, and the two col l abo r ated in ne gotiations with JOQ~ Hall and of F'ave rsham, with the 
result that on 18th October an agreement was signed for the erection of the first guncotton 
factory there. The date on which operations were commenced is not clear but G.Y!. HacDonald in 
his IIHistoricaL Papers on Nodern Exf;Losives ll Quotes the following advertisement dated 
19th November, 1846: 

"Very numerous appli cations having been made to us for a supply of Patent Glmcotton (for 
sporting and blasting purposes), we deem it necessary to inform the public tha t extensive 
prepara tions are in progress for the manufacture of this article, ;'fhich will shortly be 
completed, \'/hen due notice will be given to v.m mal{ers and mine agents, who may be desIrous of 
obtaining a supply. Persons detected , in makin~, using, or vending an imi tation of the patent 
article, will be proceded ~gainst on all occasions. 

Hessrs. John Hall & Son, the patentees and sole manufacturers of Schonbein's patent gun
cotton, respectfully state that they are now prepared to supply the patent guncotton (compressed 
for convenience of carri age ), in round and square paper cases of four ounces each, paclwd in 
boxes containing 50 and l~O cases each, at the price of three shillings per pound, for re ady 
money. Also in tubes or cartridges of 1, 1t, It,and H inches diarneter, containing 2, 4, 6 
and 8 ou...i.ces each, at the addi tional charge of 1, H, 2, and 2t pence, eac11 tube. F'or blasting 
in state Quarries, ~:ape r tubes will be SUpplied three feet in len~th, containing one ounce of 
the patent guncotton per foo t. Four ounces of guncotton are equal in powder to 24 ounces of 
blasting gunpolt/der, as proved in mortars, similar to those used by the Board of Ordnance, for 
the proof of gunpowder. " 

This remarkable exarr;;:>le of English commercial enterprise did not, however, meet with the 
reward it deserved for on 14th July, 1847, little more than a year after the first announcement 
of the invention, a disas~rous explosion des troyed the factory with the loss of some 20 lives. 
Letters, also Quoted by l-lacDona ld, give some indications of the difficulties these pioneers 
must ha'ie r.ad to contend I-li th and make it seem r emarka.r'le to us that manufacture was able to 
continue as long as it di d without serious acc ident. Schonhein was of the opInion that the 
explosion occurred as a r 85ul t 0 f "some inadve rtence or 0 ther having occurred during the 
operat ion of dryin g the cot ton." As Me ssrs. Hall had referred in their report of the accident 
to Schonbein to the diffi culty men had in sustaining r espirat10n in the drying and packing 
departm ents and as Sch·onbein appears to have c;iven no Indication of suitable temperatures for 
dryin g this explanat ion was doubtle s s the correct one, though perhaps not so precise as we 
would expect todaY. 
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T11 c) lIi c tltod [) I' dl'y ln ,\ u :Je Ll a t; l" aV erGl1;l1ll i s not known, but 1 t dOeS appear ttwt til e dryin f~ of 
gUlleD t ton \'!:lS no t J'e !,:a r dcli as a dan i~l,rolw operatIon. Al thour;h s tealll S Love s hac1 been uc-cd. for 
gllnpov.Jder for lTIany years He fInd in t'!acDonald' s uook the followin g con t emporary descr.tption of 
the way in wlllctt ,iryinr, was carried out even as late as 18G2. 

liThe m311ufacture of guncotton In Hlrtenburg consists of a mnllber of perfectly harmless 
operations: and it is remarkable that, contrary to what happens with gunpowder, if fire be 
not actually applied explosion is impOSSible. All operations are so arranged that the 
material acted upon Is in a moist or wet condition - hence not explosive. Drying t akes place 
in a capaci ous buildIng, Ollen to the air on every side. The last process of drying is carried 
out in the drylng-chrunber, when it is effected by a stove situated on the outside, distributing 
its heat to the buildin(!; by earthemJare pipes - drying being thus ensured by a gentle warmth. 
In Prussia a drying chaJ1lber has recently blown up; but they have worlced for eight years with 
guncotton, and not a single explosion has occurred except the l ast named. In the Prussian 
drying chamber referred to, a stove with an iron smoke pIpe was used - a sufficient explanation 
of the misfortune. f1 

This early disaster was a demonstra tion of the facilIty with which the full development 
of a discovery may be retarded by hasty attempts to apply it to practical purposes before its 
nature has been sufficiently studied and determined, a lesson of particular importance in 
explosives manufacture and one which has always received particular attention at Waltham Abbey. 

The interest roused by the ne."" invention was great and research work was actively persued 
from a very early period. Teschemacher already in 1846 showed that although mixed acid had 
to be used in the nitration process only the nitric acid went into combination. Ransome in 
the same year prepared and analysed guncotton, studying the yield and the nitrogen content. 
Crurn in 1847 undertook a thorough chemical investi~ation of guncotton and devised and 
standardized the nitrometer. 
organic solvents. 

Gladstone investigated the solubility of guncotton in various 

. ~-........... - .-- -. 
After Hall's explosion and three serious explosions in 1847/8 in France, little interest 

was shown anywhere for some years except that, after the material had been reported on 
unfavourably by a COimnittee appointed for its investigation by the German Confederation, one 
of its members, Baron Von Lenk, continued to devote himself to its study, and with such success, 
it appears, that a Committee was eventually appointed by the Austrian Government in 1852, to 
inquire fully into the merits of the material. A swn of money was paid to Schonbein and 
Bottger in recognition of the value of their discovery, and an experimental manufactory of gun
cotton was established at the Castle of Hirtenberg, near Vienna. A particular form of gun 
was devised by Baron von Lenk for employment with guncotton, of which a 12-pounder battery was 
established. The performance of these guns were considered sufficiently satisfactory to 
warrant the preparation of four more batteries, which did not go into active service. It 
appears that in consequence of a want of uniformity in the effects of the guncotton the 
material fell into disfavour, and its application in cannon was abandoned but was returned to 
for a brie f period at the close of the Italian War. In July i862 an explosion occurred in a 
magazine at Hirtenberg, where guncctcon and gunpowder were stored together. 

The cause of this explosion was never discovered, but a committee of investigation, 
consisting of eminent military and SCientific men, eventually reported highly in favour or 
the stability and important properties as an explosive agent of guncotton, and this favourable 
opinion vias supported by most of the Austrian Engineers, in whose name Baron von Ebner prepared 
a very complete and interesting report on the properties of this material with special 
reference to mining, submarine, and other engineering operations. However, after a further 
serious explosion in October 1865, the manufacture of guncotton was officially forbidden in 
Austria. 

In February, 18~2 the Austrian Gover~~ent had spontaneously offered to communicate to the 
British Governlnent details of the improvements in manufacture and application of guncotton 
made by Baron 'fon Lenk, and Hr. Abel, the War Office Chef.list, was instructed to examine these 
improvements anrj investigate the stablli ty of the guncotton produced. Mr., afterwards Sir 
Frederick, Abel was probatJ1Y the bes t ma.n who could have been found for this job. In the 
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au tumn 0 f 1840 11e hftd made a few pow1ds according to Sehanb ei n' 8 recIpe 3J1d hl s Inter es t had 
naturally contInued when he was appoInted l ecturer a t the Royai Military Academy and, sub
sequently, advi se r in chemi cal ma tters t o the War Office. 

Major C. F. Young, R.A., was sent with Abel to Vienna to inspect Von Lenk's experimental 
manufacture of guncotton at Hirtenberg and collect all possible informatIon from the Austrians. 
As a result of this joint effort Abel commenced to make ~mcotton at Waltham Abbey in the 
sprIng of 1863, in spIte of the explosion at Hirtenberg a few months earlIer. 

Abel described the Von Lenk system of manufacture before the Royal SocIety on i 9th April, 
1866, and laId special stress on the purificatIon of the fIn al product, then accomplished by 
long washing in cold water, followed by boiling for 14 minut es in a dilute solution of 
potass i um carbona te. He r eali sed, and was probablY the fIrst t o do so, that an al kaline 
boiling was t he most important part of the purifIcation process and that its function was not 
so much to neutralise and r emove residual traces of nItratIng acid as to dIssolve small 
quantItIes of unstable bodIes produced by the actIon of the nitrating acId on ImpurIties 
r e tained by the tubular cotton fibre. 

ThIs loJas -the real begInning of safe guncotton manufacture. There" can, in fact, be 
little doubt that most of the previous disasters wer e due to the spontaneous decompositIon of 
unstable compounds. It Is clear that Abel had this question of purifica tion very much in 

-mind for In i865 he took out English Patent 1102, which had for ' lts ob3ect the reductIon of 
guncotton to a pulp and forming from this pulp grains suitable for propulsIve purposes. Bu t 
the pulpIng process also had, he claimed, the advantage that the guncotton, beIng divided into 
very mInute fragments, and at the same time Violently agitated with a large volwnn of water, 
which is afterwards thoroughly expressed when the pulp is converted into cylinders or other 
forms , receives a more thorough purification than is possible by any other means. 

Altl10ugh the pulping and granulation of guncotton did not succeed in transforming It 
' into a s atisfactory propUlsive explosive, the greater purity of the material r esulting from 
the pulping process, re-established confidence In guncotton for both military and technical 
purposes, and in 1871 a Select Committee on guncotton was appointed. Its terms of reference 
were "to consider and report on the manufacture, storage and use of gW1cotton etc.," It 
reported that Abel's compressed guncotton was quite safe and requIred no special treatment or 
storage, though it thought that the question of drying might require further consideration. 
In his evidence Abel said that he began to devote special attention to guncotton in 1862, 
having been instructed to investigate the Von Lenk process. _ He commenced experimental 
manufac ture at Waltham Abbey in 1863 and from 1863 to 1868 made 1000-2000 Ibs., each sw,mner. 
He then got experience in the application of the material and developed his own process at 
Woolwich between 1865 and 1868. He also put forward the idea of what he called "nitrated 
guncotton", that is, guncotton impregnated with and containing up to 30% of saltpetre •. 

At this period of his life Abel must have been a disapPOinted man. Although he had been 
elected a rellow of the Royal Society in 1860 his favourable report on the Von Lenk process in 
Aus tri a haG. roused 11 ttle interest in official circles in spite of hIs continual efforts to 
show tha t guncotton was of vast potential importance. Two important papers he had read 
be fore the Royal Society (1866 and 1867) on the manufacture and composition of guncotton and 
its stability re spectively had roused little interest outside scientific circles. 

He continued however to push his case and the foundatIon of the Selec t Committee above 
referred to was undoubtedly the result of a strongly worded report dated 18th November, 1870 
in whIch he remarks rather pathetically that, in devoting hIs energies unceasingly to the 
succeGsful manufacture and application of guncotton, he not only rec eived but scanty 
encouragement at the hands of the Authorities but also had to contend continually against very 
stron g prejudices until about two years earlier when the attention of s everal foreign 

governments had been attracted to the results he was obtaining with compressed guncotton, and 
Messrs. Prentice of Stol-Imarket, who had long been trying to overcome the difficultieB interent 
in the AUs trian proces s of manufacture, had been allowed to work his process W1der license 
with the stipulated agreelllent that H.M. Government shOUld have full use of his patent without 
any drav/bacK. 
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ThI s flnn had commenced the manufac ture of guncotton according to the Von L t:llK proce ss in 
1863 bu t very soon had a se rious acci dent. With gr eat courage they had r ebuilt and enlarged 
their fac tory t wo year s l a ter, this time including the use of Abel' s improvements . Abe l in 
hi s rep ort went on t o re commend that the Government shoUld ac cept help from Prenti ~e ' s in 
starting a guncotton factory and pointed out how his pulped guncotton could eas ily be formed 
by hydraulic pressure into dense compact mas ses of any desired shape suitable for use in mines 
and torpedoe s or for blasting purpose s. Thes e shapes could be stored wet for any des ired 
period, and, according to a recent di s covery by E.O. Brown of Woolwich Arsenal, could be fully 
detonated, wet and unconfined, by fulminate of mercury. 

At last Abel was to reap some rewa rd for his long and devoted service. The Select 
Committee reported in his favour and in 1872 a fa ctory to produce 250 tons a year was erected 
at Waltham. The fact that the factory was l ocated in old bUildings, which, once part of the 
Saltpetre refinery, abutted on the ma in stree t of the town showed considerable confidence in 
Abel, particularly as 15 tons of guncotton had exploded spontaneously in a magazine at 
Stowmarket in August 1871. 

The Abel process of manUfacture held almost undisputed sway for many years. It was 
essentially a modifica~ion of the Von Lenk process. Mixed acid consisting of 3 parts of 96% 
Sulphuric Acid to 1 part of 91% Nitric Acid was run into cast iron dipping pans holding about 
220 lbs. The pans were sUpported in an iron tank through which cold water circulated to keep 
~he _ t.emp_er ature at 70~F_ and - ~~ r:e provided at the back wi th .grat.1ngs on whIch to -press out _ some 
of t he acid from the charge. 

The charge of purIfied, dried and cooled cotton waste weighing 1 lb. 4 ozs. was raked into 
the acid as rapidly as possible and allowed to remain there 8 minutes. It was then trans
ferred to the grating and as much acid as possible squeezed out by an iron lever with a plate 
on one end. After a charge had been removed from the dipping pan about i3i Ibs. of mixed 
acid was run into it to replace the acid removed with the charge. The charge with its 
adherent acid, now weighed about 15 lbs., and was transferred to an earthenware pot with a 
cover and placed in the cooling pit through which a stream of cold water flowed and where it 
remained 12 hours. The contents of the pots were then transferred to centrifugal machines 
which extracted the bulk of the acid. The guncotton was then placed in galvanised iron pans 
with long handles - these pans, when full, were carried quickly across to the immersing tank 
and the guncotton thrown into a large bulk of water, the workmen standing by the tank and 
pushing the guncotton at once under the water with a stout wooden paddle, the Immersing had 
to be done as quickly as possible, as if the guncotton was ailowed -to come gradually in contact 
with the water it was liable to fume off. The Immersing tank was fItted with a perforated 
copper plate to allow the water to overflow so that fresh water was constantly passing through 
the tank. When 2 cwt. had been immersed the inflow of water was stopped and the tank drained 
down. It was then refilled and drained again six times or until the cotton no longer tasted 
of acid. Then, after a further washing wIth water in a centrifugal the guncotton was fit 
for balling and pulpIng. 

Though the process produced good guncotton it was an expensIve one. Labour and acid 
usage were very high, maintenance and renewals of plant were very heavy and decompositIons at 
all stages of the nitratIon process were frequent. 

In spite of these serious defects the Abel process was very widely worked and it was long 
before any improyement was made. Nobels at Ardeer were probably the first to break away from 
it when they Introduced their "direct dippin g" process. Here iron pots known as "d1ppers" 
were provIded with fume off takes and 4~ Ibs. cotton used to 127 lbs. of mixed acid. The time 
of 1mmersion could be varied from 8 to 24 hours, the amount of nitric in the mixed acid being 
var1ed accord1ngly. When the nitration was complete the dippers, covered with light 
aluminIum covers, wer e trucked to centrifuges into which the contents were tipped. After 
wringing, the guncotton containing about Its own weight of acid, was drowned in water (a 
process so unpleasant that the operators had to wear hoods with compressed air attachment), 

_ and drained, centrifuge d and washed before boiling. 
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On the continent centrlIuGal ni tration had a certain vo !';uc but before the develovrnent of 
acid-reslstlnc; steels the process mus t have had considerable draVlbaclcs. The most satilJfactory 
type of machine had two speeds, a s low one of 20-30 r.p.m. and a normal high speed. While the 
basket was r evolving at the slow speed the acid ~tas run in and cotton gradually added. After 
an hour the hi gh speed was turned on and the acId wrllilg out, the guncotton being drowned as 
previously described. 

Right up to 1886 when the first smokeless powder was invented In France, t.he uses of gun
cotton were comparatively limited for no means had been found of moderating its force and 
rendering it useful as a propellant. Gunpowder continued to fight hard for survival and a 
number of improvements in the manufacture were Introduced. These are sUImnarized in a paper 
read by Col. C. B. Brackenbury, the Superintendent of the Royal Gunpowder Factory, before the 
Royal United Service Institution on February 29th 1884, with the intriguing title "Gunpowder, 
considered as the Spirit of Artillery, with the results whicll have followed and will fOllow 
this view of its Position". The improvements he mentions include the introductions of 
cylindrical or prosmatic powder, which burnt more regularly and with better late effects in the 
gun and made up into a better cartridge than pebble powder; the control of density by the rate 
of drying and reducing the original moisture content, blending to increase uniformity, the 
reduction of sulphur content to decrease erosion and finally the introduction of brown or cocoa 
powder, using charcoal made from rye straw. 

In.a.n )nter(3st~ng aside Jul1is . paper, he tells us _t hat the electric light had been in use at . 
Waltham for two or three " years past, a completely safe arrangement having been desIgned by his 
ingenious friend, Major Watkin. " "The incandescent lamp (anybodyJs will do) is plunged in a 
large glass vessel of water and hermetic~llY sealed. The light can be used where any other 
type has to be avoided and" thus are secured at once longer working for several houses, and 
brilliant illumination with perfect safety. H 

The writer has been told by old gunpowder workers at the factory that at night it was 
frequently possible from inside a gunpowder mill, to tell that these lights, which were outside 
the windows, were safely alight. 

But not even with all these improvements in gunpowder manufacture could the progress of 
guncotton and its eventual use in propellants be delayed. The old guncotton factory was 
soon found to be inadequate for the increasing demand and new land further away from the town 
(the Quinton "Hill site) was acquired in i885. A new cotton factory working on the Abel system 
was built on it, manufacture there commencing in 1890. But the Abel process was doomed, for it 
was not only laborious and expensIve in acid, but involved considerable health risks. Acid 
fumes filled the air and fume-offs were uncomfortably frequent. 

A great deal of thought was being given to improved methods of manufacture, but it was not 
until 1905 that any real improvement was made. In that year J. M. Thomson, who had come to 
the factory as manager from Ardeer when the manufacture of nitroglycerine was started in 1890 
(see next Chapter) and hIs younger brother, W. T. Thomson, who was Chemist in Charge of gun
cotton manufacture, invented by a stroke of sheer genius the displacement process. It is so 
well known and has been so often described in the literature that it is not necessary to 
describe it in detail. The cotton is pushed in handfuls belovl the surface of mixed acid 
contained in conical based stoneware pan wlth a bottom outlet covered by a perforated false 
bottom. Each handful is immersed by the use of an aluminium fork and when the charge is 
complete it is covered with sectional perforated plates and a layer (~ inch or so) of water 
gently run on top. This effectively keeps down fumes. After 2~ hours standing the gentle 
water flow on top is started again and a corresponding amount of spent acid run out at the 
bottom, the whole of the acid being eventually displaced by water. This very ingenious 
process was a vast improvement on anything that had gone before and it remained for many years 
the standard process for the production of guncotton for cordite manufacture. The advantages 
gained by the use of the process as listed by Nathan in 1909 were as follows: 

1. Great simplicity as compared with the Abel process. 

2. The dipping process is much less laborious and the heavy labour of squeezing out 
exce ss acId is done away with. 
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3. Loss of acid and guncotton due to fumeoffs and brol<.en pots together with the danger 
of nItrous fwne polslonlng almost entIrely elimInated. 

4. The process Is remarkably free from fumes as compared wIth Abel's. 

5. AcId usage much less and less pollution of escaping wash water. 

6. Recovered waste acid much cleaner. 

7. Mechanical losses of guncotton much reduced. 

8. A more thorough washing is obtained with the use of one-fifth the water and less 
·;)olling is required. 

9. Saving in power for centrifugals. 

10. Maintenance is very low. 

11. Labour is only one third that previously required. 

12. A more stable guncotton, of more uniform composi tion is produced. 
and contains less mineral matter. 

13. The reduction in cost was approximately 50% 

It is cleaner 

The guncotton factory at Quinton Hill was considerably enlarged in 1904/5, being 
simultaneously converted to the displacement system of nitration, and thereafter served to 
produce the entire guncotton requirements of the factory. It was further enlarged in 1915 
and, even as late as 1940 was producing guncotton at the rate of 120 tons a week. 

Of recent years the Thomson displacement process has been improved in small ways, but the 
principle introduced at Waltham Abbey in 1905 was the method by which the guncotton require
ments of the fighting services of this country in two World Wars were supplied. It was 
adapted for the nitration of wood pulp paper in place of cotton with equally satisfactory 
results. 

Purification Processes 

It has already been said that Abel recognised at a very early stage the importance of 
purification of guncotton. When manufacture was started at Waltham in 1872 stabilization 
was effected by a long washing with cold water followed by a short alkaline boil. In the 
middle 0 f 1873 bolling vats were erected, so that it seems clear that the R. ·G. P. F. ·again 
pioneered a method of stabilization that has since been universally adopted~ The times of 
boiling underwent many changes in the succeeding years and it was not until 1905 that a 
systematic study of the subject was made by Dr. (afterwards Sir Robert) Robertson, then a 
chemist at Waltham Abbey. He found that long boils at the commencement enabled the stable 
condition to be reached earlier. This was a complete reversal of the conditions used up to 
that time. He also found that it was advantageous to allow the first long boil to take place 
under acid conditions as in this way the unstable sulphuric ester is decomposed. This method 
of boiling remained unchanged for many years, and the Waltham system of boiling (2 x 12 hour 
bOils, the first being acid and the second almost neutral, 4 x 4 hour and 1 x 2 hour alkaline 
bolls with displacement washing between each) has been accepted as an ideal standard, which 
can usually be relaxed especially when cordite containing an efficient stabilizer is being 
made. 

The pulping process carried out in the beating engine as used in paper mills was another 
of Abel's introductions that Is still in universal use. Unlike the paper makers the gun
cotton maker des ires to cut his fibres into short lengths and not open them up. To do this 
it is necessary to keep the beater blades sharp. The rolls that carry the blades are heavy 
and bulkY and here again a Waltham Abbey man, A. W. Williamson, In 1903, desIgned and 
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patented a portable milling cutter, driven off the beater shaft! which enabled the job to be 
done in situ. 

The next process, potching, was again copied from the paper making indust.ry and for many 
years their methods were followed. They were not entirely satisfactory, however, and efforts 
were made to devise a machine that could be constructed of non-corrodible materials without 
being impossibly expensive. In 1935 the first Bowden-Parsons Tangential .Potcher was con-
structed at Waltham Abbey and this type Of machine was used in all the new British factories. 
Essentially it consists of a cylindrical tank with a conical bottom and central outlet to a 
centrifugal pump which returns the pulp through a tangential inlet at the level of the top of 
toe cone. The tank is readily constructed of either lead, aluminium or light gauge stainless 
steel sUpported in a suitable framework. It can be as large as is desired and two or more 
pumps can be used. Circulation and washing are excellent and maintenance is low. 

It would be out of place in this history to go into detail of the many improvements in 
minor details of manipulation that have been made at Waltham Abbey as well as elsewhere, but 
it is clear that all the major developments have come from that factory and that Waltham's 
method ~ere copIed, both by the trade in this country, and by other countrIes. 
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CIIAPTl<:n VIII 

TI1l~[)EVF;LOPMENT OF' N ITfl.OGLYCERINE MANUf<'ACTUlU~ 

Ascanio Sobrero, Professor of Applled Chemistry at the UniversIty of Turin, In february 
1847, presented a paper to the Turin Academy descrIbing three new substances he had prepared, 
ni troglycerine, ni tromanni te and ni tro-lactose. He investIgated the chemical and pl1ysical 
propertIes of these materials and noted their explosive power. He appears to have thought 
that nitroma~ite, being a solid explosive, would be more useful than nitroglycerine, but a 
spontaneous explosIon of the fonner In Turin Arsenal caused him to lose interest in these 
materials. 

The danger of usIng a liquid explosIve was so obvious and the dIfficulty of producIng an 
explosion by any practIcal and reliable means so great that nitroglycerine attracted little 
attention from workers in the explosives field. It could not be caused to explode with a 
fuze as could glllpowder and guncotton and no practicable means of producIng the necessary 
conditions to cause an explosIon owere known. Its use in medicine was discovered In Holland 
in 1855, the discoverer, J. E. de Vrij, losIng his sight for some time 8.9 a result of an 
accidental explosion While ma\cing small quantities for experimental purposes. 

At the beginning of the Crimean War in 1854 Alfred Nobel and his father were runnIng an 
engIneerIng bUSiness in St. Petersburg and the Russian Government entrusted them wI th a mIne-
laying programme. In thIs connection two Russian Professors, Zinin and Trapp, drew their 
attention to the possibIlItIes of nitroglycerine as a powerful explosIve whIch would be more 
effective than gunpowder in mInes. Nothing came of this immediately but the interest of the 
Nobels was aroused and in i862 the father added 10% of nitroglycerine to gunpowder. When 
freshly made this mixture produced a sensibly more powerful explosIon than plain gunpowder, but 
in a few hours was fully absorbed in the pores of the powder and the mixture became less actIve. 

Alfred Nobel contInued these researches and raIsed the nitroglycerIne content up to 30%, 
but still was not completely successful In 0 ensuring detonatIon. He therefore turned hIs 
attention to thIs problem, and, towards the end of o 1863 succeeded In detonating nItroglycerIne 
by a small gunpowder chargeflred by a fuze or a percussion cap contaIn1ng mercury fulmInate. 
He stIll saw clearl.y the defects of lIquId ni troglycerine ll.nd experimented wIth various 
absorbents, eventually patentIng the use of Kieselguhr, the porous sIlIca he was usIng as a 
packIng for his tIns of nitroglycerIne, In the year 1867. 

As soon as a practlcable method of detonatIng was found, nitroglycerine began to be used 
in the Swedish mining industry and very quickly a demand of or o the material arose. A laboratory 
for the manufacture of nItroglycerine had been set up In a building close to Nobel senior's 
house In Heleneborg near StockhOlm in 1863 and by the begInning of 1864 was making considerable 
quantitIes. On September 3rd of that year an exploslon occurred which killed Emil Nobel, 
Alfred's younger brother; the chemist; the handy man, and a workman who happened to be 
passing. The father had a stro\ce a month later from whIch he never completely recovered. 

A statement the father made to the pollce after this event said that he had not considered 
it necessary to notify the authorIties that he was making the substance and it was quite harm
less. He thought his son had been trying to simplify the method of production and had thereby 
produced a Violent reaction which raised the mIxture to the temperature at whIch it would 
explode. 

Not unnaturally the manufacture was prohibited within the city area and it was difficult 
to find a site in tlle ne L::;hbourhood. Alfred Nobel was not daunted by these dl sas:;ers and 
difficulties and transferred the manufacture to a pontoon moored In the Malar Lake, only 
2 m1les from Stockholm, unt1l a new factory could be bu1lt at Winterviken. In the next fevl 

years the Hobel business spread wi th aJll8.zIng rapidity all over the world, in spite of many 
accIdents and much prejudice. The Nobel factory at Ardeer produced nitroglycerine for the 
first time in January i873, after a prolonged struggle to find a way round an Act of 1869 which 
forbade the manufacture or import of nitroglycerine. 
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Nobel, in spI t e of his bus iness and financial preoccupations did not give up his 
scientific work and in 1875 he patented blas ting gelatine in which soluble nitrocellulose was 
gelatinized by nitroglycerine. Both this material and dynamite are suitable only for blasting 
purposes , but by increasing the percentage of nitrocellulose from 7% to 45% and adding 10% of 
camphor he produced in i888 a smokeless pOvlder he called Ballisti teo 

This followed hard on the heels of the French invention of "Poudre B" and, as will be seen 
in the next chapter, the British Government had appOinted an "Explosives Committee" under Abel 
to consider new inventions in the explosives field. This Connnittee' s invention of cordite in 
1889 made the production of nitroglycerine at Waltham a matter of urgency, particularly as 
tpeir work had been done at Woolwich with nitroglycerine extracted from Blasting Gelatine, and 
11 ttle attention seems to have been paid to nitroglycerine manufacture. Arrangements were 
hastily made for Col. Noble (the Superintendent) to visit the nitroglycerIne works at Opladen 
in Germany, and on 7th July, 1889 he submitted a report on his visit together with rough 
estimates for buildings and machinery, it being proposed that the greater part of the latter 
shOUld be obtained in Germany. This was approved by the Secretary of State, together with 
plans for the buildings, but before very long doubts as to the wisdom of proceeding with the 
erection of the plant without expert knowledge seem to have arisen, for Mr. George McRoberts, 
the manager of Nobel's Ardeer factory, was present at a meeting on 21st January, 1890, when 
many points in connectIon with the installation were approved, and among other things, it was 
agreed that the method of introducing the glycerine into the mixed acid practiced at Ardeer 
shOUld be followed, ,, Mr. McRoberts furnishIng detailed drawings of his injector. At the same 
time he was aSked to fUrnish the names of two men he would recommend as N.G. foremen, and, as 
a result, Messrs. Thomson and Taylor of the Ardeer Factory were engaged on 12th October, 1890. 

At a fUrther meeting on ,January 28th drawings submitted by Mr. McRoberts were approved for 
immediate action, and the position and pay of the man in charge of the Factory were discussed. 
It was decided that he should hold the position of an Assistant Manager, directly responsible 
to the SUperintendent and independent of the Master Worker, with pay at ,the rate of £400 a 
year. An assistant with £4 a week was to be appOinted in addition. Mr. J. M. Thomson, from 
Ardeer, thus beca~e the first Manager. 

The position of Mr. George McRoberts in this matter is a little obscure. He was the 
Manager of Nobel's Ardeer Factory, but he seems to have acted privately as a Consultant, as all 
his correspondence is addressed from a private house in Ardrossan, Ayrshire. He does not 
appear to have had a very high opinion of the German plant, for on April 4th, 1890, he writes to 
the Superintendent:-

"I have carefully avoided altering the plant you have already got because I think it can 
be used perfectly well and with safety, although, bad I been designing the plant, I 
should have had It different. The plant is not the best, but it will do till it is 
worn out and then it can be replaced by plant of superior design at small cost. To 
substitute, at present, plant of my design would be an unnecessary extravagence. I am 
anxious, since you have consulted me, to have the plant fitted up at as small a cost ,as 
is consistent with efficiency and safety. " 

Thomson, however, was not satisfied with the plant received from Germany. It had 
suffered consIderable damage on the journey and he almost completely reconstructed it, 
following the methods adopted at Ardeer as closely as possible. 

The erection of the factory appears to have proceeded smoothly and McRoberts gave much 
usefUl information as to its fitting up, though curiously, the correspondence with him appears 
to dIe out about the end of AprIl, 1890 and he is not mentioned again. 

In the early part of 1891 the plant was approaching completion and draft specifications 
for raw and finished materials approved. There is recorded on 24.2.91 a telephone message 
from SUperintendent R.G.P. F. to D.G.O. F. "Have you purchased Glyce'rine for making Cordite?" 
Half an hour later D.G.O. F. replled "No Glycerine for makIng Cordite has been ordered, but we 
have ordered glycerine for making N.G. for Cordite as approved by your telephone message of 
to-day". Apart from the somewhat heavy humour of this reply it Is of .Interest to note the 
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careful way in which conversations on the telephone I'lere recorded at tJle time, and tlw,t both 
R. G. P. F. and Woolwich Arsenal were so advanced in outlook as to have had that new an,i strange 
instrument installed'at such an early date. 

On ~jarch 16th 111'. Skerman (the ~'oreman of the Woolwich Cordite F'actory) and six men 
arrived at Waltham Abbey ready for the start-up of the cordite plant, and on that clay the first 
charge appears to have been nitrated, though it has not been possible to trace any definite 
record of that interesting event. 

Production continued without any events of special interest for three years; then on 
~ay 7th 169~ a disastrous explosion took place, starting in the wash house. The Court of 
Enquiry which followed suggested a number of possible sources of danger in the plant (See 
Chapter XI) and, while it was rebuilt quickly in such a way as to avoid repetition of the 
worst of these errors, a great deal of work was put in on the subject of possible further 
improvements. 

After this explosion Col. I1cClintock, the Superintendent, retired and for a time Col. 
Nathan" the Danger Building Officer, was Acting Superintendent. In this period a number of 
meetings Vlere held to discuss the reconstruction and rearrangement of the Cordite Factory. 
In the July a new Superintendent, Col. Ormsby, was appOinted, and he seems to have regarded 
the matter from a broader viewpoint than had hitherto been taken, for on 3rd January, 18ge, 
he wrote to Dr. Anderson" Director General of Ordha.r1ce Factorizes, a personal letter so 
remarkable as to deserve quoting at length. 

"Now I want to bring before you a new suggestion - I do not know what you will think of 
it, but to me it seems a good one from several points of view. 

It arose from my incidentally hearing in the RE.D. the other day that all the 12 pdr. 
Batteries are now being converted to pole draught which I presume means cordite ammunition, 
and the setting free of a considerable quantity of S.P. powder, Which, wIth the conversion 
of 6" B.L. to Q. F., setting free of large quantIty of E.X.E. seems to reduce the chance of an~ 
orders worth speaking of for powder to an almost vanishIng quantity. Of course I do not know 
what the orders to Powder wIll be, but I anticipate that they will be so small as to make our 
prices, with our present staff etc., quite prohibitive. ' Even now our prIces are, I know, 
above those of prIvate firms. The utilIty of a Government powder factory seems to me to be 
at an end. It Is not required as a maIn source of supply. It cannot manufacture as cheaply 
as prIvate firms, and Is therefore wIthout the power to control prIces. It must In any case 
come to an end in a short time, and now, when we are thinking of making new cordIte Press 
Houses, and are putting up a new NJG Factory, seems to be a good time to consIder our position. 
If It should be agreed to close our G/P Works as a large source of supply, the whole of the 
cordIte plant mIght be removed to the Upper Works, wIth probably less immediate expense than 
would be involved in the proposed replacement of the Cordite Press Houses; with a very large 
consequent reduction of expense, and wIth greatly Increased facilities In manufacture. 
Sufficient G/P plant would remain to enable us to do repairs, and to execute small orders. 
One very large item that mIght be strUck out of next year would be the proposed look on the 
MIll Head stream. 

A point for conSideration also Is that of supervIsion. With the N/G Factory at one end 
of the Works and all the rest of the Cordite plant, the laboratory etc. at the other end, it 
would be difficult for Hathan and Mr. Thomson to exercise as close supervisIon as t11ey now do; 
whereas if the change be made all their work would be together except the guncotton, and that 
does not require at all such close attention as the others. 

In that case the second D.B.O. might be dispensed with - I know that this is a large 
question, but it will have to be faced some day before long, and facing it now would save our 
running into considerable expense, that when the change does come would be thrown away, and 
get rid of several difficulties and inconveniences in working. I propose the questIon In the 
first case privately. If you do not agree, no harm is done; if you do agree, I am ready to 
put forward a complete plan. Nathan and I have been through all the details both of the 
houses and of the worUng, and everything seems to f1 t In easily and well". 
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ThIs l e tter seems to have been written out of the blue and .after some 18 months of 
. discussIon on other s ites , Col. Ormsby strivinr, dili gently the whole tlme for a more convenient 
l ayout and r,reater dI s tance s between buildings. HIs new scheme seems to have had no 
acknowledgement at all till 21st March, when D G.O.F. infonned him that it had been before the 
Military Authorities since 22nd January, and that he was hopeful of a decision soon. 

On 9th JulY, the Director General of Ordnance Factories and the Superintendent of 
Building Works visited the factory and lnspected with the SUperintendent the buildings it was 
proposed to convert. It was agreed that estimates should be submitted, and on the 8th AprIl, 
1897, D. 0.0. F. gave his verbal approval to go ahead. Work then proceeded w1thout delay, the 
f(J.ctory being taken into use in 1898. It appears that the growing power of the BuildIng Works 
Department, so bitterly complained of by Col. McLintock, at the enquiry on the 1894 explosion, 
was broken and the views of the SUperintendent received first consideration. 

During the Boer War both nitroglycerine plants appear to have worked steadily and to have 
produced between them an average of 18~ tons of N.G. per week. There were no Incidents and no 
explosions, until 1901 when an explosion occurred in one of the bottom cocks of a nitrator 
after the charge had been run off." Following this, ·means of eliminating cocks became a matter 
of urgent concern and a patent (E.P. 15983 of 8th August, HaO) was taken out in tllti ·names of 
Nathan, Thomson and Rintoul. The plant described IS tI1enitrator:-set>arator wbich ·has .continued 
in use ever since, and has only recently been displaced by systems of continuous nitration. 

In the original plant the glycerlnewas injected below the surface of the nitrating acid 
contained in a cyl1ndrical lead vessel provIded with cooler calls and air agitation. There 
was a domed cover with glass inspection windows and a fume pipe and, at the bottom two stone
ware cocks, one for drowning the charge and the abel' for running it to a separating tank. 
This was a conical bottomed vessel with thermometers, fume pipe and air agitation and cooling 
colls. A glass window just above the outlet cock enaeled the operac:iJr to see the line of 
demarcation between acid and nitroglyceri~e when the. 'le.ssel was emptie.d. 

The nitrator separator Is a lead vessel with a bottom sloping iIi one directlon. It Is 
fitted, as In the older p.lant, with cooling coils and air ag1tation. A two way bottom outlet 
communicates on one branch to a drowning tank, and on the other fonus an Inlet for either mixed 
acid or spent acid. The vessel is !1lled with mixed acid and glycerine inj ected with brine 
Circulating In the cooling coils. A 1,400 lb. charge of glycerine takes about 45 minutes to 
nitrate and some 20 minutes later the nitroglycerine is .nearly all separated into an oily 
layer on the surface of. the spent acid. This is displaced upwards by admitting spent acid at 
the bottom of the vessel and a glass window at the top of the conical cover of the vessel 
enables the operator to see when all the N.G. has been removed. 

The advantages of the Nathan-Thomson-Rintoul plant as compared with the Nobel plant 
previously in use may be summarized as follows: 

(i) Greatly reduced height and floor area. 

(2) Fewer pieces of apparatus. 

(3) Abolition of all cocks through which nitroglycerine has to pass. 

(4) Introduction of labyrinths for all wash water3. 

(5) Removal of N.G. from contact with acid as it separates from it. 

(6) Presence of cooling coils during separation. 

(7) The undesirable operation of running a mixture of acids and N.G. down an exposed 
gutter is avoided. 

(8) · Less labour required. 

- 50 -



(9) Removal of acId and N. G. fumes to an extent not prevIously deemed possible. 

(10) Increased yIeld of about 15%. 

Another Improvement Introduced at the same time was the additIon to the waste acid after 
completion of separatIon of 5% of water. This has the effect of increasing the solubility 
of the nitroglycerine in the waste acid so that no further separation takes place. 

The new plant was taken into use at Quinton Hill on 5th May, 1903 and after a trial there 
manufacture was transferred to the new factory at Edmonsey and the Quinton Hill plant put into 
r~serve. The last charge there was nitrated on 27th August, 1903. At the begInning of the 
1914-18 War Waltham Abbey was the only Government ExplosIve factory in the Country. The "new" 
nItroglycerIne plant at the Upper Works (Edmondsey) had to meet the demand without help, and in 
1916 an average weekly output of 46 tons was reached with many extensions to the plant. Other 
factories were then comIng Into operation and Waltham gave them all great assistance by train
Ing new staff and seconding experienced men and chemists. 

The plant worked right through the first World War without accident, and during the slump 
years from 1919 to 19~5 only an occasional batch was made. In 1936 output increased 
considerably and by the declaration of war in 1939 it had been stabIlized at 75 tons of 
Cordite a week, equIvalent to 25 tons of nitroglycerine. In the first few months this old 
factory, with so much obsolete plant and machinery, had once again to take the foremost place 
inexplosi ves production, but, fortunately for the Country, other and larger factories in safer 
and more suitable areas were well advanced, and Waltham Abbey did not remain for two years the 
sole source of Government-made Cordite as it had done in 1914-16. 

None the less Waltham played a very important part in filling the gap, once again helping 
to train new staff and to provide the leaven of experience which did so much to help the new 
factories get away to a good start. 
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CHAPTEH IX 

CORDITE 

On July, 10th, 1888 The Secretary of State appoInted a committee to consIder questIons 
relating to new explosive agents and to new applications of, or Improvements In, the production 
and applicatIon of, known explosIve agents. ThIs corrnnIttee, known as the Explosives Committee, 
had Sir Frederick Abel as its President with Professor J. Dewar and Dr. A. Dupre as its Members, 
the Secretary being Capt. J. H. Thomson, R.A. It was a corrnnittee which acted with remarkable 
speed and efficiency and interpreted its duties more widely than mIght have been expected. 

Their fIrst meeting was held within a week of appointment and on 20th August, 1888 they 
wrote to the Director of Artillery, stating that their entry upon work necessitated early 
consideration of the followin g functions not specifically dealt with In the Circular of 
InstructIons Issued to them:-

i. To examine into and report on the novelty and merits of explosive Inventions. 

2. To afford advice and assistance in connection with new applications or modifications 
of known explosives. 

3. To watch the progress of · invention and keep the authoritIes informed and advised· 
with regard to recommended course of action in regard to fresh advances here or 
abroad. 

4. To pursue experimental investigations having for their object the advancement of 
knowledge of explosives and the orIginating of improvements and inventions in their 
manufacture and use. 

The Committee were of the opinion that NO.4, represented their most important duty, but 
pointed out that any success they had would not be regarded wIth favour by the explosives 
makers, and that they would inevitably come under the stigma of not being impartial judges and 
of profiting by information imparted In ·confidence. They poInted out that no facilIties or 
resources were being given them and that there was not even· any possibility of secrecy, and 
that therefore they could only secure to the Government the practical results Of their official 
investigations by taking out patents. 

They stated that it was essential that regulations should be laid down under which all 
officials producing inventions bearIng on service requirements would have the rIght to take out 
pat.ents with the approval of the Government, securIng them in the public interest, but givIng 
the inventor the option of taking out foreign patents at his own expense in all cases in which 
the Government does not consider it necessary in the interests of the Service to secure secrecy. 

To this very reasonable suggestion no reply was received, but there can be no doubt that the 
present procedure with regard to such patents is based on It. 

There can be little doubt that one of the reasons for the appointment of this committee 
was the fact that In 1886 the French had brou~lt out the first successfUl smokeless propellant, 
the famous "Poudre B". This was made by gelatinizing a mIxture of p;uncotton and collodIon 
cotton with alchohol and working up the paste to small squares Of a dry horn-lIke material. 
For some 30 years Abel and others had been trying to moderate the force of ni tro-cellulose so 
as to apply it to ballistIc purposes, but the French material was the first whIch gave good 
results. There can be little doubt that the service Authorities in this country were 
seriously disturbed by this spectacular advance. 
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Tl1e Committee eXaJ,l1n.J O all tlle many powders whlch were be1ng hawked about and for ./hich 

startl1n r.; Met totally un subs tlli1tlated claims were being made. They turned down one a fter 
ano the r af te I' fill r but r1 gorous trial. In De cemb er 1888, h~wever, Nobel submi t t ed two samples 
of ill1. entirely new type W11ich gave very promIsing results. These had been manufactured at 
Nobel's factory at Honfleur. They were, in fact, the first samples of "8allistite" and 
consisted of a mixture of nitro-glycerine and soluble nitro-cellulose with camphor as a 
plasticizer. The material was not affected by damp, but evaporation of the volatile camphor 
on exposure to the air rapidly affected the ballistic results. In every other way the powder 
gave the sort of results the Committee was looking for. On receipt of a report to this effect 
on 25th April, 1889 Nobel promised to submit samples in which camphor had been replaced by some 
s~bs tance not liable to evaporation. He did not do so, and, according to the Committee, did 
not a.ppear to realize sufficiently the importance of what they had told him. 

The Committee thereupon took steps to investigate experimentally the production of a 
substitute containing no volatile ingredients. They us ed guncotton instead of soluble nitro-
cellulose and adopted a method of manufacture slightly different from Nobel's in that the 
ingredients were kneaded together with a solvent such as acetone, afterwards removed by stoving, 
instead of being worked between steam heated rollers without a solvent. They quickly obtained 
promising results and also hlt on the idea of making up the charge in the form of a bundle of 
wires or rods of a length to occupy the whole of the powder space of the cartridge. The 
material was produced in ~his form by forcing the preparation while in a suitable plastic state 
through a die of the requisite diameter. 

The mixture, numbered 128 in the original series, became "Cordite, Mark I". Its 
composition was:-

Nitroglycerine 58 

Trinitrocellulose 37 

Vaseline 5 

The name "Cordite" appears to have been first used in the Proceedings of the Committee 
for 5th June, 1889. Before that the material had been referred to as "Cord powder" or "The 
Connnltteeis modification of Ballistlte". On 27th March a meeting between the Director--General 
of Ordnance Factories, the Superintendent, R. G. P. F. and the President of the Explosives 
Connnittee had taken place to consider the manufacture at Waltham Abbey, and it may well be that 
the more convenient name had been suggested at that meeting. 

Exactly how the work of the Committee was being financed is a matter of conjecture. The 
Director of Artillery on 4th April, 1889 approved the further expenditure of £100 to cover 
expenses of manufacture at Waltham Abbey. When that was exhausted he would require a progress 
report and a statement of further requirements. The committee replied that progress was such 
that they anticipated the amount would be considerably exceeded in the current year, but they 
would report in due course. In June the President forwarded to D. of A. a letter from 
Messrs. Easton and Anderson (Engineers) describing in general terms the machinery they had 
designed for the manufacture of Cordite. The cost was to be about £100. This modest expendi-
ture was forthwith approved and work proceeded. 

Abel and Dewar patented their invention of Cordite, British Patents 5,614 and 11,664 of 
1889. This is not the place to go into the involved story of the repercussions, but there 
were several patents which claimed to anticipate them; Nobel's Ballistlte patent, one by Engel, 
one by Maxim and lastly one (B.P. 13,308/1888) by Mr. A. Anderson of the Royal Laboratory, 
Woolwich, and Mr. I. M. T. Anderson of the New Explosives Co., Ltd., Stowmarket. The last 
seems to have been pa rticularly annoying to Abel & Dewar. To quote from their report ..... . 
"This patent was taken out in November 1888 by special permission of the War Office, upon tl1e 
recommendation of the late Director General of Ordnance Factories (Dr. W. Anderson) and \..,ithout 
any conditions being imposed, for the production of a smokeless powder from gun-cotton· gelatin
ized by means of a solvent. .The complete specification of this patent was lodged some time 
after the Committee had been engaged in experiments in the Arsenal on the production of Cordite, 
the nature of which could not but become known to Mr. A. Anderson in his official capacity in 
the Department where part of the Committee's work was carried on and it included a claim which 
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was not Indlc:ltetl in UlC pro 'f .t~.;l()n,·l.l '·,pc clf.t'C,c>.t .IOll, 1 tl t l' 1 . . '-" 1 name . 'y, 1.1. 0 emp oying exploslve r; 
generally in tIle fo rm 'of t.ll r ead s , :3 trip s , c,yllnder s and Lubes proc!ucerl by squirtIng nnterlals 
tllrou[')1 holes or s11 t s in meta~ or otller pla tes". [)uch a serious view 0 [ Lile P(8811)il1 ties of 
this spec1fication vias tal~(~n that the CorM te Pa tent was kept secre!; les t possible proceedings 
by the A1iJersons mIght l1ave l ed to the disclosure of (ietails of mmlUfacture no!; enlarged upon 
in the specification. 

Opposition came, however, not from any of the surprisingly numerous Andersons, but from 
Alfred Nobel, who claimed that the Cordite Patents infringed his Ballistlte patent 
(B. P. 1471/1888) and that, in evidence he llad given Abel's Committee, he had revealed manufac
tlJ.ring details of Ballistite that ha(l be en of great service to the Committee in evolving the 
manufacture of Cordite, but tllere seems to be no evidence that what he told them was of any 
real value to them. Althou[!:h the War Offi ce offered Nobel a joint interest in the discoveries 
of both sides, negotiations came to an end and the case eventually C31ne before the Courts in 
the form of a friendly a c tion. Nobel lost the case fll1d Mr. JustIce Romer saId In hIs Judgement 
that Abel and Dewar had solved the problem Nobel had left unsolved, that of maIling a good powder 
of insoluble nitrocellulose and nitroglycerine. It would be an unwarral1table extensIon of 
Nobel's patent to hold that it covered the use of guncotton when the patentee had expressly 
limited himself to the use of soluble nitrocellulose. 

At this perIod of his life Nobel was involved in a series of misfortunes. Both his 
mother IlI1d. 11,is .elder brother died, his own health Wfl.S bad, pol1t;1.cal and economIc difficulties 
had assailed his French company and his neglected mistress was 1laving a chlld by an Austrian 
Officer. Schuck and Sohlmann Quote the judgment in the case in full and there seems no doubt 
that it was a just one, but Nobel bitterly resented it &~d carried the case to the Appeal Court 
and the House of Lords, thereby incurring costs to th.e tune of £28 ,000. Stlll indignant, he 
started to write a satirical play called "The Patent Bacillus", but he seems to have ha.d little 
grounds for complaint as his company received orders from the Government for makIng cordite and 
were also allowed to make it. for various foreign goverrunents including the Japanese. 

The erection of the first cordite factory at Haltham Abbey 0111 its start up ran parallel 
to the manufacture of nitroglycerine there, and this has already been fully detailed. The 
first ni troglycerine made Has irnmediately incorporated Vii tll guncot ton and le ft HalthClm by 
barge on 2ist March, 1891, to be pressed at Hoolwich. At this time experimental work. was still 
going on and specifications were still incomplete. Abel had written to D.G.O.F. on 12th March 
that the nitroglycerine used should be purified "to an extent which would enable it to comply 
with the standard adopted by Nobels' for nitroglycerine used in the manufacture of blasting 
gelatine". Pressure was being put on the Superintendent to try the use of spirit dried gun-
cotton almost irrunediately, when it must have been quite d1fficult enough to get manufacture 
going with stove dried euncotton. 

By 11th May, 1891 complaints were already being received of irregular perfornJallce of 
W.A. Cordite and the Superintendent wrote in reply to an Ordnance Committee minute that he was 
really not surprised at irregular results as arrangements were fa.r from satisfactory. "It. is 
incorporated here, pressed at 1..Joolwich, mixed here - for you ca.nnot call it blending - and, so 
far as I am aware, never tested before it is issued." 

By 20th 11ay, however, a considerable degree of success had been achie'/ed for we find 
Thomson (the Manar;er) askin g Skerman (the foreman imported from Woolwich) how many men and boys 
he would r ? quire to press, reel and cut two tons of cordite a weck, if he had enou@',h presses, 
etc. Pre s sing started at Ha ltham on 17th June, and on the 7th July the Explosives Committee 
paid their last visit of inspection to Haltham. Cordite had been well alld truly launched by 

this band of pione ers. 

A day or two later (10th July) D. G. O. f. wrote to Superintendent snying that it was 
absolutely necessary that energetic steps should be taken at once to ensure a considerable and 
regular output. 

'I'he SUperintendent, not vii thout reason, seems to have been more than a little annoyed. 
He wrote a lon~ ane! somcwl1ilt heated reply showin~ how much he hFJ.d done and continuing "I must, 
however, impre s s upon you t~le a.bsolute neccfislty of having my dcrn3l1ds me t vl1t.ll a greater 
degree of promptitude than i1a s hittlerto been the case ". He showed how his demands were held 
up at Woolwich vlhatever ttte!r nature, qllotinE; exampl e s ot.' steam pipes, an enlarged porch for 
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til!: dry -f'~tIlcOr,Lon :;tove , Ll'llC!\:: for tnl.TlGjJo['t of cordIte and add itional pre[wes for tIle 

manufacture of rIfle material, and saI d tliat the se In Dr-ances i;hoVied hO~1 no amount of ene r gy on 
Ill :, part coulc! aya H so long as suell a stntc of thIngs vJaS a ll m'lcd to ex i st . Tile mInute 
r ece ivecl an unpromi s in G_ reply, but ten days later tile Director-General vIsited tile factory and 
se ttled a ll outst(1,nd ine; matte r s to the Sit tis fac ti on of the SuperIntendent. On the 5th August , 
llOwever, we find the Suver in tenclent writing to Superintendent of BuildIng Works t o point out 
that he could not proceed wIth the manufacture of Cordite at night until the new electric l amps 
were pu t in to the press house . 

In spite of a ll these dIfficulties progress seems to have be en good and a fair amount of 
e~per irnental l<Jork was done, for by the middle of August it had been decided that the spiri t 
drying process' for gun-cotton was not a success and authori ty was being sought for the purchase 
of more land at Q.uinton lIill as no suitable site f or more drying stoves could be found tr owin g 
to the dangerous nature of thIs process and the proximity of ad jacent buildings. " 

In Septembe r Capt. Thomson, R.A. (not to be confused with J. M. Thoms on, the Manager) who 
had bee n Secretary of the Explos ives Committee, was a ppointed Experimental Officer for Cordite , 
his duti es being to carry out and r ecord a ll experiments with Cordite required by D.G.O.F., 
r eportin'g the r esults ,to him. Thi s appears to have been a further blow to the authority of 
the Supe rintendent as appa rently he was not even to be informed of the results of experiments. 

In s pite of all difficulties and opposit1on the triumphant march of Cordite continued and 
on 6th October, 1891 t.he Superintendent wrote a long minute to D. G. O.!i'. se tting out his r equire
TIl en ts to make 2 milllon pounds of cordite a year , only to be informed tha t "there i s no doubt 
tha t half the supply of CordI te will be obtaIned from the trade. " The eQui valen t of the make 
of black powder ar Waltham would be ha lf the quantity mentioned, and the Superintenden t was to 
supply details of mOdifica tions required to bring output up to that figure. The acquIsition 
of addItiona l l and for this purpose (Cob Mead) was approved by the middle of October and by 
the end of the month the SUperintendent was able to detail his requirements wi thout, however, 
ass igning pos itions to buildings until he knew jus t hO\-I much l and it was proposed to acquire 
and until the r esults of a proposal to delIberately fire a cordite stove were knovm. It is 
clear that, althouVl opera tions had been so far carried through wIthout accident, the dangerous 
nature of the manufacture was becom ing clearly recognised and more detailed information on the 
ri sks involved demanded. 

The general manufacture of cordite by prIvate fIrms, apparently immInent in 1891, did not 
cownence until 1894, when the National Explos Ives Company and Kynoch Ltd. were each given a 
contract for 600 tons to be de llvered over three years at a price of 2/10~d. a pound, although 
in 1891 Superintendent Wa ltham had r e ported his cost to be 2 /- to 2 /6 a pound and Improvements 
to r educ e tha t figure cons iderably could be fore seen . The highe s t t ender sent in was 4/3 and 
2 /10~ was the lowest so the barga in via S perhaps not an unreasonable one. 

The firms wer e also appraen tly a llowed to se ll cordi t e e l sewhe re if tlley could and 
f,ynochs were soon to supply the Javanese Na vy wi th it. But when the contract was placed they 
had not as much as a hut or a fi e ld, l et a lone tile plant for manufacture. They commenced by 
placing a contract with Nobels to supply the Cordite paste and only did ex trus ion, drying, and 
blending tJlemse lves, though apparently they soon s tarted malung nitroglycerIne and guncotton 
for some part of their output. In 1900 they admitted at the enquiry of the Select Committee 
on y)ar Office con tracts tha t they were importIng guncotton from Ge rmany, and by that time the 
price \-1Cl~; clown to 1/10-1;. 

Nobels had built a cordIte f ac tory at Ardee r In 1893/4 and the loss of the sol e contract 
must lmve been SOm(~tll.tn[!; of a blow to them, but they appear to have started export in g at an 
earJ.y (late and, after the nitroglycer ine explosion at l.Jaltham In Hay 1894, Nobe l s and the 
others ca.rn'2 to t.lle a~;~; l stanc e of the Government and toolr WalthalT' guncotton for impregnat ion 
with i'I. G. , thus enab ling the Gove rnment to produce betIVeen that da te and June 1898 , 1000 more 
ton s of cor'dite than they \<Jould ottlCnlise have done, but it y!us not un til January 1899 that 
Nobelf; r ece I ved ano ther order for Cordite from the British Government, and it i s hardly 
s urprI s In g to see tllat in 1900 they vlC r e not vp.ry entllusiastic when tIle Government started to 
pre ss for greatly increased output and in dleir reply stnted that they would want earl y noti ce 
of requ ire rn(~ nt :5 a:~ they h;l.(] had to acce pt 01'(181';'; from VOl'e i cn Governments WllO were willing to 
pay hIghe r prices. 'l'tlf')Y would, hOvJever, if It were made worthl'II'llle, decline such business and 
restri c t tl1nlr lIIanufact;ul'f! l argely to tilt: requlremt:nts of tll') Bt'lti sh Nn.vy and Army. 
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Althc·Uf)l one of t hl' factors that had decidnci th e ExplosIves Cornmitte e to stanrJa r(J1:w on 
the use c: Mineral Jelly in c ordite , vJaS trw l essenlng erosion and corros ion In j:.')l ll S , it was 
found in the Boer Hal' that thi s via S still se rious and in 1901 CordHe H.D. was Introduce d to 
effect a further improvement. In Ulis the proportions of guncotton and cordite were practi-
cally r evs r sed, thus making t he composition:-

Guncotton 65 

Nitroglycerine 30 

Mineral Jelly 5 

This considerably reduced the temperature of explosion wi th greatly improved results as 
far as the expec tation of life of gUns \Vas concerned, and H. D. remained the standard cordite 
until 1915 "hen circums t ances compelled a further change. 

When !1. D. \"as introduced the output of the fa ctory was considerably increased by increa
sing the guncotton plant and acquiring fre sh land for the erection of cordite s toves to the 
South of Quinton Hill. Thes e extensions wete completed by 1906. 

It \·/2.S not very ~ong after the introduction of Cordite M. D. that tJle first serious 
accident in cordite manufacture at R.G.P.F. took place. On 15th December, i902 an incorpora
t,ing macrdn~ ble!'up!)dlllng three .m~n. . No entirely satisfactory explanation was forthcoming, 
but the occurrence lee1 to a further tightening up of regulations particularly as regards 
inspection and mixing of the paste and Ingredients, and nothing of the sort ever took place 
again. 

In 1901-2, tl'lO of the very remarkable team of Chemists then employed at tl1e Factory under 
the inspiring leadership of $ir Frederick Nathan, Dr. R. Robertson and Mr. W. Rintoul, 
commenced experimenting on the recovery of acetone from the cordite stoves by the bisulphite 
process. It was not until 1906 that a plant on these lines was completed a.nd put Into opera
tion. It proved very successful, savIng about 50% of the acetone used and was In operation 
until 1918. 

At the outbreak of the 1914-1918 War the output of cordite was 26 tons a week. ThIs was 
stepped up immediately to 57 tons and by March 1915 had reached 64 tons. This was all done 
without any new plant, but In the Autumn of 1914 orders had been received to increase produc-
tion of rifle cordite to 20 tons a week and cannon cordite to 120. This was completed wIthin · 
a year of the outbreak of the War. At thIs point, in August 1915, the factory \.,ras trans
ferred to the MinIstry of Nunitions and by various extensions the capacity was increased to 
200 tons of Cordite N.D. About the end of 1916 the shortage of acetone compelled the tiew 
Cordite R.D.B. to be used for all large sizes. R.D.B. was a wartime development and consisted 
of 52% Collodion Cotton, 42% Nitroglycerine and 6% Mineral Jelly, ether-alcohol being used as 
a solvent. 

The years be tween the wars \.,rere years of depressIon at the R. G. P. F. but the small sta ff 
remaining there did a great deal of valuable work with the very limited means at their 
disposal. Not only was the plant maintained in good order but much investigatIonal work was 
carried out. Solventless cordite and flashless cordite owe much to the early plant work 
that was carried out by the staff in those critical years, but perhap~ the most outstanding 
feature vl8s the development of IICordite WI!. Between 1928 and 1932 guncotton was made wIth a 
mixture of 50% linte rs and 50% cotton was te. In 1932 it was found that cordite made from it 
gave corrosion spots on climatic trIa.l which definitely shortened the life of the cordite. 
It was de c ided to revert to the use of cotton waste only but possIble dangers had been shown 
up. The corros ion usually centred round foreign bodies and a new type of straIning a.rrange-
ment was desIgned \-thIch led to greater freedom from foreign matter in the cordite. It was 
also felt that a more efficient stabilizer than mineral Jelly was required and as a result of 
experiments ca rried out by H. A. PhIllIps and P. G. Knapman It. was decided to use G% of 
"carbamite " (diphenyl Methyl urea ). ThIs cordite was first produced in 193::5 , and proved 
very much superior to Its predecessors as regards stability. 
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At the srune time other qual! ties were being called for In cordi teo Freedom from flasli 
and smoke becrune of Increasing importance as also dId more rapid methods of manufacture which 
did not demand extended periods of stoving. 

TlIe first of these problems was solved by the use of "pIcrite" (nitroguanidine) whIch was 
suggested by the Research Department at Woolwich. A cordite containing 55% of this material 
was made at Haltham in 1928. Various compositions of this type were tried and eventually 
wartime manufacture settled down to compositions containing approxlmately: 

55% Picrite 

2cw;t Guncotton 

20% Nitroglycerine 

4.7% Carbamite 

0.3% Cryolite 

such compositions are stable enough to allow the use of wood and straw cellulose in place 
of cotton and give almost complete freedom from flash and smoke. 

TlIe "solventless" process, by eliminating the use of volatile solvents such as acetone, 
does away with the necessity of stoving and the large ground area and many buildings required 
for it. The time occupied in drying cordite, particularly the large sizes, Is very consider
able and when production is urgent this can be a serious drawback; CompositIons made in this 
way normally contain nitrocellulose (12.2% N2) and its gelatinization by nItroglycerine Is 
enhanced by the presence of carbamite. A further advantage of the solventless process is the 
much greater safety resulting from the fact that 'a wet slurry of guncotton is mixed with nitro
glycerine and thus the drying of guncotton and dry miximg are completely avoided. 

In addition to its duties as a prOducing factory Waltham continued to· do a great deal of 
experimental and pioneering work on various types of cordite right up to the time it clo:3ed 
in 1943. 
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ClIAPTER X 

HIGH EXPLOSIVES AND SUNDRY MANUFACTURES 

While \.Jaltham Abbey was essentially a propellant factory it played a by no meant.! inconsi
derable p?rt in the development of high explosives. A Royal Engineer Committee report8d in 
1870 that compressp.d glmcotton fired with detonat.tng fUzes was a most valuable explosIve and 
that it should form a portion of the R. E. equipment in the field. For many years guncotton 
was only made for such purposes at Waltham, and abou t the time its use in eordi te vl8.s dis
covered, investigations 'tIerp. also going on with a view to finding other explosives for shell 
filling anc for demolition purposes. 

The Abel Commi ttee on Explosives which invented cordi te was also keenly interested in tlJG 

developm~nt of high explosives. Abel had previously tried to rouse interest in picric acid 
and various compositions containing picrates, and among the many inventors the Committee llad to 
deal wi th Vias Turpin, the Frenchman, who had put forward picric acid under the name of 
1Il-lel1nite" as a shell filling. He had been in communication with the Admiralty who carried 
out some tests at Lydd and invented the name IILyddite". The Committee discovered that the 
IIfjel1n.t ten then being used by the French Government was not, in fact, plain picric acid, but 
contained a proportion of collodion. Although Turpin hacl had a reward from his Government 
for .suggesting,tl;1e use of picric acid in shells, his invention had merely served as a starting 
polnt. , 

Abel, in July 1870, had put forward 'picric powder', a mixture of three parts of saltpetre 
with two of ammonium picr~te. It could be readily prepared by the methods used for gunpowder 
and could be pressed and granulated without difficulty. 
variety of tests. 

It gave excellent results in a 

Manufacture was undertaken at the R. G. P. F. and on 19th Hay, 1874. the SUperintendent reported 
that· a green charge had exploded on a mill wi thout serious aamage or injury. After the 
explosion an iron nail vias found on the mill bed, and this may have fallen from the roof after 
the explosion. After this no further untoward incidents seem. to have occurred; but it is by 

·no means clear how much picric powder was manufactured. 

The amount cannot, however, have been large, for when some was demanded in April 1895 

manufacturing instructions had to be obtained from the W.D. Chemist "as the powder had not been 
made for many years and no records of its manufacture have been kept". General information 
was forthcollling and investigations at Waltham soon produced a practicable process (this time 
fully recorded). Difficulty was found in getting supplies of ammonium picrate and when a 
further order was received three years later a plant was erected at Quinton Hill for maklng i ~ 
from Picric Acid. This plant worked quite satisfactorlly and was used during the fJrst World 
War for the same purpose. This picric powder was used as a "booster ll for picric acid which, 
under the n~me of "Lyddite" remained the principal shell filling in this cOlmtry until the 
1914-1918 Har. The Uni ted Kingdom had at this time only a very weak organic chemical industry 
with the inevitable result that progress in such matters was very slow .. 

TETIlYL 

About 1910 Tetranitrodimethylanlline, also known as Composition Exploding (C.F..) and 
Tetryl, came into use as a booster in place of picric povlder. Manufacture on a very small 
scale comrnenced at Waltham in that year and did not increas~ untll the outbreak of War tn 1914. 

Then continual uncertainty and fluctuation in requirements even l .. hlle plant Has being erected 
led to piecemeal extensions which were far from satisfactory. It is typical that In H)16 a 
nitrating plant capable of producing 5,000 Ibs. a week was improvised out. of lead 'and old 
acetone drums, and was actually prortuclng wltlJin 24 hours of the order to proceed being received. It 

vias not till -1917 that other factories came to the 'aid of Haltham, and Uwn only after a number 
of serious fires had shmm the undesirab1lity of depending for supplies of this important; 
material on one factory. The water boIling process for purification W<lG put. on a satisfactory 
manufacturing basis in 1917 and a new plant vias completed just before the AT1nlst1ce. This was 
not used till 1935, and 2-gain, at the outbreak of i-Iar, at first the Waltham plant hac\ to carry 
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the whole burden of Te tryl manufacture though other factories were able to relieve the pressure 
by 1912. Never the less insufficient supplies of corned and granulated material ne cess itated 
the continued use of the old dilapidated and improvised plant at Waltham till the end. It was , 
in fact, one of the very last Waltham plants to close down. 

T.N.T. 

The importance of T.N.T. as a military explosive today is such that it is difficult to 
realize that it was not used at all in the British Services before 19i4. It had been employed 
as a shell filling in Germany in 1902, . but it was not till after the beginning of the first 
World War that its importance was fUlly realized in this country. 

When the need was realized manufacture quickly started, though it had previously been 
little more than a laboratory operation. The Woolwich Research Department rapidly established 
suitable conditions for efficient nitration and plants were established later in new Government 
Factories and in industrial concerns, notably Chance & Hunt Ltd. at Oldbury. 

A three stage batch nitration process was generally used, using the waste acid from the 
last stage for the earlier stages, but a continous counter-current process was developed at 
Chance & Hunts. It had not been called to produce Grade I. T.N.T. continuously by the end of 
the war and considerable doubts had been expressed as to Whether it would be possible for it 
to rio so. 

With the curbs on Government expenditure which followed the war no development work was 
carried out until 1930 when the staff of the Directorate of Ordnance Factories was augmented to 
consider the steps to be taken with regard to increasing the facilities for the manufacture of 
munitions in the event of war, and a special section to review the production of explosives 
and chemicals was formed. To this section Dr. R. C. Bowden was appointed from Walthan Abbey 
and Mr. T. A. smith was appointed from outside the Civil Service. 

With regard to explosives the duties of this section were specially to review the pro
cesses used in the last war, and to select the processes to be adopted in the event of it 
being necessary to build further factories. 

The production of T.N.T. was one of the first subjects to be considered and an extensive 
review of all available literature and war records was undertaken. Certain changes in the 
position since the last war particularly with regard to T.N.T. manufacture had taken place. 
The chief of these was the situation brought about by the turn-over to the production of nitric 
acid by the oxidation of synthetic ammonia instead of its production from Chile saltpetre and 
sulphuric acid. This use of sulphuric acid had formed an outlet for the weak acid produced 
in the T.N.T. process which started with concentrated sulphuric ·acid in the. form of oleum. 
Without such an outlet it would be exceedingly difficult to continue the manufacture of T.N.T. 
on a war scale and the demands for oleum would be excessively high and large new plants would · 
have to be erected. Under the new conditions of manufacture it was therefore necessary to 
find a means of closing the sulphuric acid cycle. 

After an exhaustive study of all processes known to have been used, both at home and 
abroad, it was not found possible to select one likely to be at all usefUl as no effort had 
been made to close the cycle, there having been, during the first war, the outlet for weak 
acid in nitric acid manufacture, and during peace it was possible to dispose of the small 
amount of weak acid ariSing from the small scale manufacture in the production of fertilisers. 

The plant which showed more promise of meeting requirements was the continuous counter 
current process developed during the last war at Oldbury, and with the development and opera
tion of which Mr. Smith has been associated. This plant had never been called on continuously 
to produce Grade I T.N.T. and there were doubts as to whether it could be refiect on 
for thIS purpose . There were also other features thati t was considered essential to avoid 
In view of the conditions arising from the use of untrained labour under war conditions. 
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The Director 
on lines :proposed 
Lhree Services. 

Of Ordnance Fnctories decIded, however, to erect a new plant at Waltham Abbey 
by th e Developmen t Section and 5'.5, 000 was allocated . for thIs purpose by tIle 
cPrl1 s nr.w des i g,n inr-oroora ted the following fea tures: 

1. Separator vessel s were reduced in s ize so that the amount of nltrobody in the plant 
was cons iderab ly lessened, with a view t.o reduction in risk. This was made poss ible 
by a new design of separator and a new design of transfer eqUipment. 

2. All connections were above the level of the liquids and accessible for cleaning. 

3. Provision for regular removal of sludge from the plant was made. 

4. Valves were avoided. 

6. F'low was visible and capable of be ing controlled. 

6. The ::trrangement was such that failure of one part of the plant did not put the Hhole 
plant out of commission. 

7. The possibilities of the use of non-corros ive materials in plant construction were 
carefully considered. 

8. Means were provided for re-circulating the content.s of anyone pot and prevent1ng the 
nitrobody passing farHaI'd from pot to pot if the required degree of nitration had not 
been effected. 

9. Simplicity of plant design facilitated rapid replacement due to loss by enemy or other 
action. 

10. The process uses 96% Sulphuric Acid for maklng mixed acid and this enables the cycle 
to be closed. The spent acid (72%) is concentrated to 96% and all of this goes 
bac]\. to the nitration stage. 

The proposed arrangement had the approval of the Research Department, Woolwich, and the 
Principal Supply Officers Committee through ·the Explosives Sub-cmQmittee. 

A plant erected to produce 2 tons per week showed itself capable of producing this 
quantity of · the right quality (approved to Specification by W.D. Chemist) continuously, and 
formed the basis of the design of future plants. A patent (Specificgtion No. 381291 of 1932) 
for this design of plant was taken out in the names of G. S. Witham, T.A. Smith and R.C. Bowden 
and assigned to the Secretary of State for War. A full scale unit of nominal capacity of 
25 tons per week was erected at Irvine to give experience in continued running and also to meet 
demands which were being placed for T.N.T. 

This unit was sufficiently succesful for all subsequent units erected to be almost complete 
replicas of it, and such a unit has shown itself, with enlarged transfer equipment, to be 
capable of produ~ing 90 tons T.N.T. per wee~ 

In all 24 such units were erected in British T.N.T. factories and upwards of 270,000 tons 
T.N.T. produced on them during the 2nd World War. T1"Ie total home production in the 1914-18 

Har was 238,364 tons. 

R.D.X. 

The manufacture of R.D.X. (Cyclonite, cyclo-trimethylene-trinitramine) was developed Into 
a practical operation in the Woolwich Research Department during the YGars between the Wars. 
The material, which is one of the most powerful and safest high explosives, had been khown as 
a laboratory curiosity for many years but it was not untll the advent of synthetic methanol 
and ammonia that its large scale manufacture had become a practical proposition. It had the 
further advantage that it was a truly synthetic compound requiring no imported materials as it 
was made by treating hexamine with excess of ni tric acid under suitable condl t1ons. The 
hexamine was made from arrmonia and me thanol, both derived from coal, air and Hater and the 
nitric acid from the oxidation of ammonia. 
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The Hoolwicll prOCe[l .'J , devi sed by Drs . F. hvyn I\oberts arfd Aquila Forster, was a s ingularly 
smoo th and success ful one and I s probably s till the cheapest method of production, though it 
suffers from the defect tha t it r equ ires the concentration to nearly 10CY,t of large quantiti es 
of nitric acid and thi s , in turn, r equires the concentration of even l arger amounts of sulphuric 
acid, involv1ng the use of very large amounts of fuel. In 1938 it was decided to erect a small 
pilot plan t, capable of producing abou t f1 ve tons of 1\. D. X. a week, at Quin ton Hlll. This 
work s tarted early in 1939, and no serious difficulties were me t with in operation. For two 
years after the war started this small plant was the countryls only source of thi s most power
fUl explosive, and it was pressed so hard for output that it was not possible to carry out 
nearly as much develoDment work as had been hoped. Much good work was done, however, and staff 
were trained and gained experience in the manufacturing opera tions before new factories were 
ready to take over manufacture on a much larger scale • 

. FUZE POWDERS 

Until August 1915 shells, and consequently fuzes and fUze powders, had been produced in 
such small quantities that no ser10us difficulties had arisen. The sUdden enormous increase 
in demand immediately found weak spots. New fuzes and guns were designed and the fuze powders 
formerly used caused blinds to be experienced at gunproof. Haltham, then the sole producer, 
faced with the total collapse of previous methods of manufacture, and little time for experi
menting, rose to the occas ion and a new method was devised and proved successfUl. Thi s process 
was considerably .. improved as time wen t on, and it was possible to do more experimental work. 
This was continued be tween the wars and culminated in the production of methods of manufacture 
in Which all factors were completely under control. 
was taken over by the filling factories. 

In the second World War thi s manufacture 

These remarks apply to the Gunpowder type of fuze powder. A slow burning fUze powder, 
for use particularly in -A.A. shells, became increasingly demanded, and one of the firs t develop
ment jobs between the Wars was the installation of a plant for the manufacture of R.D. 202, a 
mixture of ammonium perchlorate, charcoal and starch, in 1925. The manufacture ran well, in 
spite of the difficulty and danger of first grinding ammonium perchlorate to pass through a 
240 mesh sieve and then incorporating with the other ingredients. As the second war approached 
and the demand increased, the factors controlling time of burning were clarified and defined 
and, finally, it was possible to hand the process over t.o the filling factories as one which 
would give them no difficulty. 

NITROGUANIDINE 

Nitroguanidine, also known as Petrolite and Picrite, is used as an ingredient of flashless 
cordlte. A plant for its manufacture by methods developed at Woolwich Research Dept. was 
erected at Waltham Abbey in 1925. The method proved to be capable of being very greatly 
improved and Haltham developed it into an extremely neat and trouble free process with interes
ting chemical engineering features which it would be out of place to discuss here. The plant 
continued in operation till 1941 when other sources of supply became available . 

MISCELLANEOUS 

In addition to such operations as the burning of charcoal and refining of sulphur the 
Royal Gunpowder Factory for many years had its own Gas Harks. This only ceased opera tion about 
1905, a year or two later than the distillation of acetone from grey acetate of lime. 

Soon after the introduction of cordite it became clear that operations could not be econo
mically carried on unless the factory had its own ac id plant. Previous ly mix ed acid had been 
imported into the fac tory and no attempt made to r ecover waste. The acid plant kept well 
abreast of the times and pioneered in more than one direction. 

A Guttman plant for nitric acid production from Chili saltpetre and sulphuric ac id was 
s tarted up in December i897. This plant had vertical air cooled condensers with acid lutes 
leading to common collec ting channel pipes. This very troublesome condenser system was 
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replaced in J.Di:5 by 0111cH colIs 8!Jrfly~j wIttl .... laLer, througtl \-ltl1cl1 tlw nitrIc V'l.~JOUrE.; pas,s 
upwards and down whi cll the condensed HC 1d nOvls to a suitable rece I v Ing sys tem. ThIs type of 
condenser which can'l'e!l.ctlly be run wi t.h two or more calls In parallel proved much more sat.Is
factory and remaIned in use until the factory closed. 

SUlphuric acid concentration was carrled out 
at much the same time as the nitric acid plant. 
obsolete, is described fUlly in many text books. 

by Kessler Concen tra tors W11ich \'iere ins tall eel 
The Kessler plant, now almost, if not quite 

It is built of Volvic lava, an acid-proof and easily workable stone found in the Puy-de
.Dome area of france, and consists of a rectangular basin into the top of which hot gases from 
a producer gas furnace are introduced. TIle gases are brought into contact with a shallow 
layer of ac1(1 in t11e IIsaturex" as it is called, by walls of the same stOlle hanging from the 
cover and reaching to acid level. The weak acid is fed in at the other end of the Saturex 
down a short recuperator tm"er consisting of trays of Volvic l'1va drilled with holes fitted 
with porcelain bubble caps. The whole apparatus is k.ept under suction by an ejector (or lead 
covered fan) and the gases finally emerge through a col\:e scrubber. 

The apparatus was completely dependent on a supply of Volvic lava and during the 1920's 
it was realized that this might not be a very desirable state of affairs in the event of war; 
and ~ne building of a. Kessler , in subst t tut'iPla);erials wC!-,s giv~n ser:ious consideratiqn~ 

Acid resisting bricks made in England are as good as any in the world and considerable 
thought and ingenu.i ty was expended in building a similar type of concentrator in these bricks. 
A deSign was eventually proposed by Dr. R. C. Bo""den in which the saturex was built in several 
layers of brickwork jointed with glass powder and pumice damped "-'lith a lIttle silicate of 
soda. The recuperator tower was constructed likewise in brick with internal arches bonded to 
the walls and containing holes at their outer edges, each arch being surmounted t-y two half 
arches with central holes. There was thus a continuous back and fortll flow both of acid dOhTl 
and hot gases up and the result was a concentrator made of home produced mat.erla.ls, quic!uy 
and cheaply build and in many ways superior to the Kessler. 

It was only killed by the vastly increased demand for acid concentration during the War 
and the fact that pot concentrators could destroy all organic matter in acid fed to them and 
produce concentrated acid without the very objectionable exi t gases that were characteristic 
of all concentrators in which hot fUrnace gases were brought in direct contact \~1th the acid. 

This "Evans-Bowden" concentrator was not only used at Waltham Abbey, but a number y/ere 
erected elsewhere both in Government and in private factories. 
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CHAPTER XI 

EXPLOSIO~;S AND THEIR PREVENTION 

It will be observed that so far , little reference has been made to accidental explosions. 
Their repercussions and the alterations to manufacture made as a result of them are so 
Important that the storIes concerning them, as far as they are known, have been brought 
together. 

In the early days of the factory and, indeed, of all gunpowder factories, explosions were 
frequent. They seem to have been regarded as inevitable and little effort was apparently made 
to enqui r e into causes or take steps to prevent a recurrence untll the Government too}r over the 
fac,tory. The lack of scientific control or understanding of underlying causes of explosions 
as well as the somewhat unpredictable habits of glmpowder encouraged a fatal1stic attitUde. 
Such explosions as we know of seem to have been slight, e.g. Tom puller's reference to the 
mills having be en five tImes blown up wIthin seven years, without loss of life, and an entry in 
the Annual Register dated December 3rd, 1765, "Two powder mills blew up at Waltham Abbey but 
happily no 11 ves I"'ere los t. II 

tlore serious explosions undoubtedly did occur, for in an account of a Cornine; House explo
sion in the "Gentleman's Magazine" for i80i there is brief reference to a simllar explosion 
which had occurred sixty-two years earlier (1739) when one of the men kllied was "so completely 
des troyed tha t only his clothes were found on Galley Hill". 

From the time the Government took over in 1787 the records of explosions seem to be fairly 
complete. There were many explosions of "green" or partly milled charges in the mills and 
they were usuaJ.ly wi thou t very serious results and the following examples show: 

"Sept. 9th, 1789. This morning, at i1 0' clock, the two new or iron mills bleh' up. 
Tho. RUnball, the millman on duty, had just liquored the charge, and happened to be outsIde; 
he received no hurt. TIle Master Worker says this mill has feQuently blol'i!1 up." 

"Feb. 4th, 1790. This morning, at 1 0' clock, one oJ the Queens Mead mills blew up, 
which entirely unroofed same. The charge had been worked an hour. Thos. Grayl1n, millman on 
duty, set fire to his jacket; but he received no bodily harm". 

"April 2nd, 1790 - Explosion of two mills, at i1 o'clock. No one hUrt". 

"May 22nd, 1700. Hoppi t Mills blew up, no one hurt". 

Explosions were, in fact, so frequent that we can only refer to a few of the more serious 
ones or those possessing features of special interest. 

In 1793 it would appear that steps began to be taken to tighten up regulations and made 
the manufactUre safer. On Feb. 23rd, for instance, an order was issued that no beer admitted 
to be drunk at any part of the manufactory, nor any dogs admitted "Up the Bank". , On Feb. 27th, 
gravel vias discovered "at the bottom of a ShOE belonging to a labourer at New Corning House", 
and the master mixer was instructed to go and examine the shoes at frequent intervals. 
FolloHing this instruction we hate many references to men being stopped a day's pay for not 
obeying orders Vllth regard to shoes. 

On l1a,y 28th a piece of hard flint was found on the sieves at the Old Corning House, 
having gone through the press and corning frame sieves. Orders were issued that the charges 
should always have covers on 'them when removed. 

On May 29th two Engineer Officers arrived" to set out the proposeo traverses". 
appears to be the first rn ention of the traverses now so universally used to confine 
effects of accidental explosions. No record elsewhere at an ear11er date is known 
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In the follmvlng years the fac tory ~'I8, S working under considerable pressure owing to the 
Napoleonic viars and a practice seems to have grown up among the millmen of increasing the mill 
charge. Several explosions were ascribed to this cause and steps were taken to decre8,se the 
charge. The follm-ling extracts from factory records on three successive days seem to be last 
on this topic: 

Dec. 3rd, 1798: Lower Queen's Mead Mill blew up. It was violent, much injury done. 
The shock was felt all over the town', and gave greater alarm than ever was heard of before. 
It was supposed that more than the ordinary quantity of powder had been put in the mlll." 
Dec. 4th: "Letter from Major Congreve directing the mill charges to be reduced to 38 lbs. and 
40 lbs. SUspicion that mlllmen have added to the charges, and this caused great injury at the 
explosions." Dec 5th: "Mill blew up. Very violent. Caused by practice of putting more -"" , 
powder on the beds than allowed." 

The first serious explosion after the mills became Government property occurred, as 
already mentioned (Chap. VI), on April 18th, 1801. The new Corning House on Horse Mill Island 
blew up, killing nlne men and four horses. The official view was that it was impossible to 
say the cause and that there was no powder in , the buildings except, what I-laS in process of 
graining~ The account given in the "Gentleman's Magazine" however goes into more detall -

"April 18th, between 3 and 4 in the afternoon the Corning Mill at Waltham Abbey, blew up, 
with a great explosion which was sensibly felt all round the neIghbourhood. Eight men were 
blown to pieces in the adjoining meadow, and four horses much mangled were left near the mill 
wheels; fragments of a ninth man Vlere found on the 3rd day. This fatal accident is ascribed 
to the overheating of one of the gudgeons of the mills, and had nearly happened a fortnight 
before. Three of the men have left families and the others only widows. One of them was 
substituting for another who had narrowly escaped in a previous explosion and was on leave. 
The mill was being worked for the last time previous to a complete overhaul. The macazine of 
dry powder was not 200 yards distant and 400 barrels of powder had been removed from tile mill 
in a boat not long before It blew up. 

On June 16th of the same year when this Corning House was under repair a fire occurred and 
seven men were badly burnt. It was ascribed to the blow of a copper hammer on a pi t wheeL 
The fact that it was a copper hammer seems to show that some precaution'l were taken, but later 
it was discovered that many of the copper implements were contaminated with iron. It sounds 
too as if the precautions of thorough washing down and wetting dawn , had not been carried out 
effectively. 

Compensation in the case of this accident seems to have been on a comparatively generous 
scale; the widow of the foreman received half her husb'and's pay of 13/6 a week (she had two 
children). The widow of a labourer with seven children and dIsabled from earning her living 
received his full pay of i2/- a week and another widOw, who was about to have her first child, 
6/- a week. Nearly a hundred years later, in 1894, it was stated in the House of Commons, in 
reply to a question, that regulatIons permitted a maximum grant to a widow with one child of 
£10 a year with £15 in respect of the chIld. 

Safety seems to have been given a good deal of consIderation about this time for on 
July 15th, 1801 a cOir;m1ttee of the Royal SocIety vIsited Waltham to investIgate matters which 
the Board of Ordnance had referred to them regarding the floors of the Powder Magazines. On 
July 24th they reported that no danger was to ' be apprehended from electrical excitation in 
rolling barrels of powder on leather covered floors In magazines but that painted floor cloth 
was more suitable for other buildings. Such floor cloth was delivered to the factory in 
May, 1803. 

On November 27th, 1811, NO.4 Press House on Lower Island exploded and the ensuing fire 
communicated to the CornIng House and Reel House Which also went up. Eight men I-/ere k1lled In 
this disaster. The Board of Ordnance was appealed to for fUnds to bury the dead in a plain, 
decent manner, and for some mark of merit to be granted to Wm. Peyton, Carpenter, who, after 
the explosion, extInguished a fire brand whIch fell near the door of the I"fagazine which had a 
quantity of powder in It. The door of the Magazine had been forced open by the explosion. 
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He received a donation of i;:;O. 

The magnitude of this explosion is shown by the account of it in the "Cambridge Chronicle " 
of the follmving day and headed "A Dreadful Accident". "A powder mill at Haltham Abbey vias 
blmm up on WedneSday last, » lives were lost and seven of the persons left fDmilles. The 
whole of the town of Walthi'.m \</8S in great danger, as it was tllOUght the magazIne would have 
been blown up. A man was, in consequence, sent through the streets to warn tho inhabitants 
to leave their houses inser.ntly. At Stepney, a mirror of plate glass was broken by the shock; 
at Hackney several panes of glass were forced In and at Blacl\.1.'Jall tho wIndows throughout a vthole 
street were shattered. Near tho New Road Harylebone, several of the houses were much broken and 
the labourers I'lho were excavating in the park felt tho ground shake where they were at work .. 
Even ships on the River were shaken. Some of the morning papers mistook. it for an earthquake." 

In June 1812 a Committee of Engineers were appointed "to consider the best means of esta-
blIshing the works destroyed by the late explosion". Their recommendations include the provi-
sion of half doors to buildings to prevent dust and stones beIng blOloJI1 in from tIle paths. 
They also suggested that, as the glass in many of We w.tndws was exposed to the free action 
of the sun, it might, in some cases, from the accidental irregularIties of the surface, concen
trate Its rays into a focus sufficiently powerful to explode in a state of high inflammability, 
particularly when the glass, the windows and all woodwork were covered with an inpalpable dust 
of powder ready to ignite by the slightest possible cause. 1'0 counter ct this, linen blinds 
stretched in frames outside Here recorrnnended to be applied to windows so situated. Larger 
traverses were also recorTm!ended. 

A further recowmendation was that Bramah's Hydraulic Presses should be used instead of 
screw presses. This does not seem to have been implemented completely, for Drayson's 
"Treatise on G\mpowder" (1830) refers to screH presses as being uGed wlth the old type shaldng 
frames and Bramah presses with the Congreve Granulator Wllich ;'/as insta.lled in 1816 at the 
Lower Island Worlm. The very limited expenditure authorized by the Board evidently prevented 
extension of these improvements. 

There followed a lond period of peace and a very lo\</ level of worlc In the fac tory and no 
further serious explosions took place till 1843. On April 13th of that year at 2.50 p.m. 
another Corning House working on the old system exploded vlo'lently. The explosion was commu-
nicated over the traverse to the press house and another corning house and press house were 
set on fire and burnt out. Seven lives Here lost and the explosion was felt more or less 
severely for miles around; many doors and windows Here blown ou t and broken in the l1agazines 
and houses near. In the town an old wall was blown down and an immense number of windows 
broken. Pieces of broken beams etc. were found upwards of a mile orf in the direc,tion of 
Enfield Lock; large pieces of the presses were found at a distance of 220 yards, and the Mill 

Head was covered with debris. 

An enquiry into this 2.ccident was held by Col. Cockburn and Mr. Faraday, and is referred 

to in Ch2.Pter VI. 

BY this time explosions were beginning to excite some public interest and the 
HIllustrated London News" published what they described as a "series of graphic sketches 
illustrative of the deplorable event and its consequences". 

In the account of a very minor explosion some six years later, reference is made for the 
first time to one Of the greatest safety precautions in gunpowder manufacture, the tanks of 
water arr2.nged above the mills on hinged boards, so as to be overturned in the event of an 
explosion. On this occasion, and on many other'subsequent ones, it is stated that they 

;./Orked well and prevented serious damage. 

In 1856 one or two minor explosions took place durl.ng the working of experimEmta'l compo-
sitions and some of this 'dork seems to have been undertaken rather casually. The Crimean 
War was then keeping the factory very busy, and like later wars, seems to have stimulated 

research. The follol-lint; quotation shows what is mean t: 

- 67 -



"On 19th April, 1856 an experiment for Capt. Boxer was beIng carried on in NO.4 rllll whnn 
it exploded. The composi tion was: SUlphate of Lead 48, Cllarcoal 6. The runners had not 
been round more than three times when I t burn t up more than it exploded. Three other mills 
were just. goIng to work on thIs composition, which were immediately stopped. Experiments 
were made immediately to ascertain whether this composition was hIghly explosive, whIch was 
found to be the case, in fact went off when struck by iron hammers on an anvil every time like 
detonatIng composi tion. No-one was hurt and li ttle damage was done". 

To go blindly into an experiment of this sort and start up four mills together seems a 
curious way to go to work. LIkewise the somewhat crude attempt to find out if the material 
was dangerous after the event seems odd to us, although if the composition is correctly given 
in the records there was no obvious reason to anticIpate danger. 

In i857 an event took place which showed clearly the need for safety rules of a stringent 
character. During the mornIng of June ist a stoker in the Saltpetre Refinery was lightIng 
one of the copper fires by carrying a shovel of hot coals from another fire. Before he could 
shut the fire door fire ran up the side of the copper and communicated with the filter and 
thence to the beam and a wooden trough. This could easily have been put out but the Master 
Refiner, an old man, lost his head and seized one end of the trough telling another man to do 
the same. Together they carried it out of the building with a view to dropping it in the 
river. To do this they had to step on to a boat which was alongside, and Which contained i3 
barrels of damp gunpOWder which had been brought up for extraction. 

A piece of the lighted wood fell from the ,burning trough into the boat and exploded It, 
together with four or fIve barrels left on the Quayside from a previous load Which had been 
partly dried out in the powerful sun. 

The boat was blown to pieces and four or five men greatly shaken, Mr. Knowler, the Master 
Refiner, was seriously injured, and his nephew, who had helped him to carry the trough, so 
badly burnt that after a year in bed he was Qui te incapacitated for the service. Another man 
had his leg so badly shattered that immediate amputation was necessary and one other badly 
burnt. 

Quite a full inquiry was held into this accident and it seems to have been decided that 
the cause was ineffective damping of the gunpowder. Instructions were issued that material 
for extraction was to be mixed with water to a thick paste before being brought to the 
Refinery for extraction. 

At ,this period it seems to have been the beginning of the realIzation that explo~lons 
might be preventable. A slight explosion on July7th, i857 is recorded together with a note:-
"In consequence however of so many explosions in these four mills, they received a thorough 
overhaUl, and it was deemed advisable to re-cut and polish all the runners and beds, which had 
become very rough and fix gun~metal cheeses in places of the iron ones which appeared to be 
particularly the cause of frequent explosions In these mills." 

An explosion on ~fay 27th, 1861, showed, however, that a great deal of laxity and careless
ness still prevaIled. A mill had been stopped for repairs and four experienced millmen had 
been sent In to clean it. While moving the runners off the cake It exploded, and four other 
mills in the group of six followed rapidly (the remaining one had just been cleaned). It 
appeared that the ordinary precautions of using leathers to prevent contact of the runners wIth 
the bed or of dampIng the runners and bed had not been taken. As a result three of the men 
were badly burnt and the fourth died of his injuries. At the Inquest the follovling verdict 
was returned by the jury: "we find that the deceased met his death by an explosion of gun-
powder, at the Worl~ at Waltham Abbey, caused by not using the hide leathers provided for use 
In movIng the runners, and the jury would recommend that the foreman be instructed to see 
that the leathers are used by the men and any other precautiona.ry measures be adopted the 
Authorities may deem fit. 

It is clear that by now the public conscience was beginning to be affected by the 
continual explosions and the "Morning Chronicle" of June 3rd reported this inquest with a head
Une "Singular Neglect in a Government Establishment". 
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In tile report of a ~;JlI'lll explo<llon I.n 13t54 l'itJ find for (;110 fIrst time a J/H:nt;1on of a. maJl 
\4host! face anti hand 1"8 re burnt but :J Lt18 fireproof clothIng saved any part of hIs bOdy beIng 
burnt". It lool<:s as Is tells Is tl1e first mention of la.sting cIottI for factory vlear and its 
may [lave been connee ted 1,,1 th a remark. at the inquest on the Hl61 explosion that the men's 
clothing was saturated with gunpm'lder and took fIre very rapidly. 

\ISO 

In spite of the obvious advantages of f.treproof clothing, t t does not appear to have been 
universally used. An explosion which occurred 1n a press hOllse on Lower Island on June 16th, 
1870 caused the deaths of five men, ane! it was painted out at the Inquest that 1[ tIle men had 
nad fIreproof clothing they would llave been saved from the terrlble burns they SUffered. The 
lack of fireproof clothing is curious for Capt. F. M. Smith In his IIHaJldbook of Gunpowder 
rfanufacture at Waltham Abbey", published in the same year states very definitely that no work
man is allowed co en tel' any powder bulldlng without putting on a "Iorking dress of incombustible 
material. TIle explanation given of this explosion after a good deal or cross questionIng, as 
that a flash had been accidentally prOduced by some foreign substanceB, such as sand being 
present wl111e povlder was beIng unloacled in the press. The Coroner's Jury returned t.he usual 
verdict of "accidentally killed by an explosIon Of Gunpowder" with a rider to the effect that 
the magazine should b~ placed as far as possIble from those parts of the Wor~~ where powder is 
made. The Jury, made up of To~msfolk, were not unnaturally disturbed by the revelations that 
the next door building to the one Itlnlch exploded was a magaZine containing five or six thousand 
pounds Of gunpovlder, and that after the explosion this had been emptied into the river through 
the efforts of half-a-dozen men who braved the flames and glowing embers to save the posslb1J.1ty 
of a worse disaster. 

After thIs explosion a rund for the benefit of the relatives of victims was raised locally 
The need for 1t was shown in a revealing paragraph in the "Haltham Abbey and Cheshunt Heekly 
Telegraph":- "Deprived in an instant of their sole means of support, the ~IIdows and orphans 
are at present entirely dependent on the bounty of others. ~le say, at present, because the 
aid which Government may and, we sincerely trust, will give to the widOvls of those Vlllo dIed in 
execution of their duty, must be the subject of protracted correspondence and may indeed, 
after all, be insufficient to maintain them." 

In the following years serious efforts seem to have been made at last to elucidate the 
cause of all explosions, and to disprove a remark made by Sir frederIck Abel, 1'1110, In the 
course of expert evidence at the Coroner's inquest after the 1870 explosion had said:
"However careful men are, it is impossible for these explosions to be guarded against". 
About this period, too, explosions of modern explosives started. The first of which we have 
record wa.s on _8th A Ilr.!1! 18.!3, .when _f!: guncotton press explOde? Three 5" discs, separated by 

steel plates, were being pressed in the same mould, and when pressure was put on, the press 
exploded violently. The explanation given at the time was that the long travel of the "piston" 
would cause serious friction if it was the least degree out of truth, and that this friction must 
have been enough Just to dry and then ignite some of the particles of guncotton In close 
proximity. Such an eminently reasonable explanation is a pleasant change from the long series 
of "no known cause" in Gunpowder accidents. The precautions taken seem to have been senqible 
for the Guperin tend en t decreed tllat, in fu ture, only one disc should be pressed in each bush, 
thus giving the "piston-head" a shorter travel, and that the presses should be removed to a 
separate building. 

Nevertheless a similar explosion took place on August 2nd, 1877, and further precautions 
were introduced. Just what they were cannot now be traced, but it is believed that tlw prac-
tice of surrounding the press with rope mantlets dates bacl~ to this perIod. 

A century of Government occupation ended without rurther explosions of general interest. 
As will be seen from the foregoing, some progress had been made and both the public and the 
official conscience was beginnIng to revolt against the idea that accIdental explosions were 
natural and inevitable. capt. Smith's 1870 "Handbook" prevIously referred to con tains a 
swnmary of -the "Rules for the Prevention of AcCidents" many of which have survived uncha1lged 
to the present time. They vlere hung up in every house and the foremen were Instructed to 
read them to their men once a week. The first factory rule book was published In 1884 and 
covers the same ground wI th some addi tions. The use of "clean" shoes and lasting cloth 
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clothing and the cleanliness of buildings are insisted on. It is surprising but logical to 
find a rule ttmt men must be careful to keep hair and beard cut short to avoid introducing 
particles of sand or grit. In this issue too appears the famous rule that "no undue haste 
must ever be made and no greater force employed than is absolutely necessary." Such rUles as 
"No implements are to be used in any Powder House, Mill or Boat, except those provided H, and 
that requiring stoppage of machinery during a thunderstorm are standard in explosives factories 
to-day, and it is evident that this rule book represents a great deal of progress and a real 
effort to make the factory all that it should be. 

It was a start, but more explosions were to occur before the factory reached a state 
where good discipline and scientific control reduced the number and frequency to a point at 
vlhich Explosives manufacture could compare favourably from the safe ty angle w1th most other 
industries. 

For some twenty years all went well and then on August 22nd, 1890 at 6.30 a.m. the peace of 
Waltham Abbey was once again shattered by a loud explosion. The explosion occurred in No. 1 
Breaking DoVin House where mill cake was ground to powder between two slowly moving phosphor 
bronze rollers, driven by a water wheel. The process is normally a very safe one, and at the 
inquest on the two men who were in the building at the time no evidence came to light as to the 
cause of the accident. A boatman had delivered twelve barrels of powder to the house half-an-
hour earlier, the machines were apparently in good order and the men were reliable and experienced. 
The surrounding trees 8.ppear to have ac ted as a traverse and saved the external damage from 
being more serious than it was and the factory Fire Brigade was quickly in action. 

Evidence was given at the inquest that the men were wearing non-inflammable clothing and 
felt shoes. The local paper describes in some detail the safety arrangements to prevent an 
explosion spreading from one compartment to another under the same roof. "A shaft runs the 
length of the building and connected wi th this are arranged above each pair of rollers a 30 

gallon water tank and a shutter. Should an explosion take place in anyone roller house, tha 
shutter in it would be shot up, and this would capsize the contents of each water tank in the 
other houses, saturating and rendering harmless the gunpowder beneath." 

The two men killed, William Napthan and William Maynard had both been employed at the 
factory for about 18 years. Both were married men with families and both widows received a 
pension of 4s. Od. a week, and "a small amount from the Factory Benevolent FUnd towards which 
several subscriptions have been received during the week. If At this time the public purse was 
being safeguarded with more zeal than discretion· but that the excellent discipline of the 
factory was fUlly appreciated is shown by the followingcorrespo~dence which was posted on the 
Factory Notice Board:-

Sir, 

War Office, Pall Mall 

29th August, 1890. 

I am directed by the Secretary of State for War to convey to you his appreyiation 
of the courage and discipline exhibited by the officers and men employed at the Royal 
Gunpowder Factory at the time of the late accident, attended by the lamentable loss of 
two excellent workmen. He is very sensible of the devotion to duty exhibtion by those 
who so promptly extinguished the fire in the exploded building, nO.less than by those 
who remained at their posts, according to regulations, during the trying moments of 
suspense when it was uncertain whether other buildings would not be exploded. The 
methodical way 1n which the work of the factory was resumed also speaks highly for the 
training of the men employed in a manufacture in which a strict oDservance of regulations 
and prompt action in the moment of danger are essentially necessary to the safety of 
those employed. 

I a:m;· S1r, your obedient servant, 

(Signed) W. St. J. Brodrick. 

Maj or-General Noble, 
Superintendent, Royal Gunpowder Factory, 
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Sir, 

Hoyal GtIO powde r f ac tory, 
Wal tlJarn Abbey . 

30th All (>;l.1S t, 1800. 

I have the honor to acknowledge the receipt of your letter elated 29th August, 1890, 
in whicll the Secretary of State for War conveys his appreciation of the courage and 
discipllne exhiblted by the officers and men employed at this factory at the time of the 
re cent explosion, and on their part and my own I beg to Utan l\. you . l-le one and all only 
did ollr duty; but It Is very gratifying to receive BlICh an expresflion o f aIP a l ' . ) 1'0'1" • 

I "un, Sir, your Obedient se rvant, 

(Signed) W./!. Noble, Major-General, 

SUperIntendent, R. G. P. F'. 

The Honourable W. St . John Broderick, 
" F'lnanclal Sec,retary, 

War Office, S. W. 

Further proof that safe ty in gunpowder manufacture had by no means been secured came in 
the early normin"g of December, 13th, .1893 , when one of the I"orst acc1dents recorded a t Waltham 
Abbey took place. At 2 .35 a.m. during stormy wintry weather a mild explosion or severe fire 
occurred In the CaJTJ HOllse on LOHer Island, a building In wl1ich granulated DOI",der was pressed 
into small prisms in a cam action press. The original hydl'aulic presses had been r eplaced by 
cam action machines in i887. Eleven men were in or near tile building at tlle time mitt only one 
escaDed uninjured. One was killed outright, eight died of their injuries "II tllin a few days and 
one man Has Injured and recovered. 

By nOvl serious concern was being manifested by the public. Tile papers, both local and 
national, were crltical of the state of affairs in the factory; the inquest on the victims 
did not pass off qui te as smoothly as the Authorlties would [laVe l1ked for £In open verdict was 
returned with a rider criticizing the grouping of cam hou~es In sets of four, suggesting that 
night work was dangerous and should be abolished, that steel tools should only be allowed in 
these houses in the hands of experienced mechanics and that machines should be stopped when 

. powder boats are alongside. The Jury also asked that these poInts might be strongly repre-
sented to the Home Office. Questions were asked in the House of Commons and in some instances 
received evasive reDlies, as, for example, when Hr. Hanbury aslH'!d .tf the ractory vias carried on 
under the provisions of the Explosives Act, "/hether it was inspected by the Home Office 
Inspectors and whether conditions were as good from the safety point of view as Hould be 
insisted on for a private factory, Mr. Campbell-Bannerman explained that by Section 97 of the 
Act, Government Factories were exempted from the provIsions of the Act, but carried on their 
business in correspondence and cOllrrnunication with the Chief Inspector and adopted all improved 
arrangements introduced from time to time. Mr Hanbury complained that this dId not answer hIs 
question, but got no satisfaction. 

An Official enquiry,was held into the accident and the local paper was indtgnant that its 
sittings W6re held in private and suggested that its report ",ould be of the usual soothing 
character. But for once the "i.Jeekly Telegraph" was wrong. The Conunittee, presided over by 
Lord Sandllurst , Parli~lentary Under Secretary of State for War, and consisting of Sir 
frederick Abel, Col. V.D, Najendie (Chief Inspector of Explosives), and l-Iajor-General F.T. 
Lloyd, Deputy Adjutant-General of Royal Artillery, with l1r. R.H. Brade as Secretary, was far 
from being a body of "Yes-Hen". Their enquiry was rull and elaborate; their report danming 
but rull of valuable suggestions for ruture safety. In fact, it may well be said t11at this 
reDort is the foundation stone of PlOdern sa fety practice in explosives manufacture. 

The Committee, in the first place, visited the factory and inspected the scene "of the 
accident. TIley afterw2.rds lleld meetings at the War Office and examined the superintendent 
and other members of the Staff of the Factory, besides a number of men employed in the class 
of work ""hlch Has being carried on in the building destroyed, including the only man who 
succeeded In ec;cap lng "/!thou t inJury. 
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The building \'Ias about fi fty years old at the tIme and had, originally been an Incorporating 
mill. It was made entirely of wood witll the exceptIon of a brIck wall at the South end and the 
roof was boarded over, fastened with iron screws and covered with tarred felt. Roof and walls 
were lined with varnIshed matchboard and the floor covered with hides fas tened by copper nails. 
There were four machines in the building driven by a centrally placed water wheel. At the time 
of the accident all the machines were workIng and a boat was alongside from whIch two boatmen 
were supplying the house with powde". The normal hours of the night shift were 6 p.m. to 
6 a.m. but at this time of year they were working an extra· hour on each end of the shift to make 
up tIme and enable them to take a holiday on Boxing Day, Which was not a Government holiday. 

The succession of events at the time of the accident appears to have been that a flaSh 
was seen from the south end of the house and was followed rapidly by three mild reports and a 
very intense fire. One of the machine operators at the South end claimed that he had seen the 
flash coming from his machIne. The only man of the ten in and around the buildIng whO was 
killed on the spot was also in the South end and was rolling in a barrel of pOWder. All the 
other men succeeded in escaping from the building, but with terrible burns. Most jumped into 
the adjacent river and must have suffered severely from exposure whIch probably hastened their 
deaths. 

The wooden building caught fire immediately but the roof remained on and the walls standing. 
The tarred felt roof caught fire but the factory fire brigade prevented blazing pieces being 
blown about In the high wind. The water wheel continued to revolve tlll jammed by falling 
debris and the machines went on working some time after the building took fire. A screw, 
perhaps from outside the inner roof, was afterwards found to have fallen into one of the bushes 
of No. 2 machine and broken the plunger. 

The committee found rather contradIctory indicatIons as to the probable cause of the 
accident. They considered that the actual causes mIght be found among the following: 

1. Defective working of the machine. 

2. Use or fall of a tool or implement. 

3. Lucifer match. 

4. Presence of grit or other foreign substance. 

As regards (i), they agreed that a good deal of evidence had been heard Which was unfavourable 
to the cam type of press, but thought that probably the general efficiency of the machines after 
the acc.1den t could be accepted as conclusive evidence that the 'explosion was not the resul t of 
their having been clogged. The screw in the bush of No. 2 machine almost certainly got there 
in the course of the fire. 

The use of steel t.ools in the building was, it appeared from the evidence, quite the usual 
practice and such tools were used by unskilled workers to adjust the machines while powder was 
in the house. This breach of the Explosives Act received severe criticism from the Committee. 

TUrning to NO.3 on the list of possible causes the possibility of the presence of a 
lucifer match could only be disregarded if the precautions taken were such as to render its 
presence a physical impossibIlity. The Committee considered that the precautions adopted at 
Waltham fell very far short of this standard. Searching by the Police at the Gate was not 
nearly thorough enough, examinatIon of clothIng for pockets by shIftIng house attendants was 
practically non-existent and search by the foreman at the places of work was an absolute farce. 
The Committee expressed their opinion that under the conditions then prevailing at Waltham it 
was quite possible for the accident to be due to the presence of a match. 

The precautions for the prevention of grit and other foreign substances were by no means 
adequate. There were long uncovered gangways onto which grit could be blown or deposited, 
there were "dIrty" mats at the doorways and "clean" mats in the shoe hares; - the shoe hole was 
used on occasi ons for taJrJng meals and there was no means of stopping dir ty or grit ty sponge 
cloths from re-entering buildings. 
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'I'IIC~3U l.1 :,t t11rf)t: Cnll:-;r)::, :i,ly~; Ute COllllllltLee's conclusIon, alrno[3t cf)rt.a1.nl.y Include the 
,tual call':: '; of tile flcclrj;:n :" TIle Heport gOGS on to gIve tile COIlulll.ttno 's recomrnrJIlctat1ons [01' 

ehe preventIon of sImIlar accIdents. 

1110 CorUllittee were of op.tnion t1wt the very grave defects In tile system of (llscipl1ne and 
precaution::: 'dere to E:ome extent connectp.d with frequent changf)s of Supp.rlntp.ndent (tlJeI'e had 
been 4 in '-;0 years), saying that a newly appointed officer coule! l1ar'dly be f)XLJected to revlw; 
and overhaul reg,ulatlonE; made and accepted by hIs more experIenced predecessors. In explosives 
factories ·,·;,::nt of familiarity with (jetall may impair prodUction efficiency and imperil the lives 
of workpeople. In spite of a recent decision (Art. 317 of Royal Pay Harnmt) that apPointments 
in the OrdJl 2.nCe factories should be subject to revie,., every five years, tile offlce of Superlnten
den t shouU not be subj ec t to frequen t; avo I dable change a.nd par t1 cular f ltness and teehni cal 
qualifIcatI ons for the POSI- should be prImary governing consideratIons in determIning contInued 
occupancy c~ the post. 

They also thOught uun, Lr the Hal' Offlce found it impossible to secure by independent 
action re!:'ults corresponcl1ng to those W111ch 11.1'1. In~;pectors of Explosives [Iar! obtained In 
prIvate 'fact.ories, then the question of subjecting Government Explosives establishments to the 
Inspection of H.M. Inspectors of Explosives should receive serious considerat.1on. 

They then revie,,,ed the lIIore prominent of the defects theIr enquiries had brought to light, 
pointing out. emphatIcally that thIs list vias by no means exhaustIve. The list viaS as follows: 

1. The excessively large number of persons present \'iitl1in a single danger l'1sJc. 

2. fefectlve syster.1 of searching to secure exclusion of matches, pockets, etc. 

3. ,Absence of any system of effective visitation or inspection of danger buildings. 

4. T:1e system under \"hich repairs and adjustments of machinery "lCre mach, (sometimes by 
urlskilled men) 'til thout clearing tile house, or even the machIne, of pO\ollier. 

5. [efectlve arrangements for the removal of oily sponge clothS. 

6. [-efective arrangements for the exclusion of grit. 

7. The practice of taking meals in the sl10e holes should be absolutely prohibited. 

8. Tne rules were imperfect and not properly Impressed on the work-people. 

9. There were no effective penalties for breaches of rules except dislnissal and even this 
did not ,apply 1n- the case of Contractors men. 

10. The explosIves limits did not include material in process of removal from the 110W38 

and nei ther they, nor the house rules, vlere posted In the houses. 

11. Evidence was laid before the Committee of a Granulating house in tlle factory witl) an 
unlined roo f. They he Id tha t the Super'ln tenden t had been ri gh t in re fusing to llse 
this house. 

12. Lastly, the Corrunlt.tee were not satisfied that the arrangements lmder wl1Ich houses 
W2re handed to the Horks Dept. for repair or alteration and restored to llse as 
d811ger buildInfs afterwards were satlsfactory. 

He I'Hlve dealt I-Ilth this report at considerable length as it is clear it consUtutes tlw real 
beglnnlnE' of Safety vractice in the Government factory. The exemption granted under Section 97 of 
the Explosi'res Act, 187f., appears to have been grossly abused at tllis period, <Jnd the Sandhurst 
Committee ,jirj a remarlo:.ably good job in drfl'tling attention to thIs faot and makIng sound recommen-
dations for future irnprov':ments. 'rheir report ,,:as dated Aprl1 24th, 1894, and only a fort-
nlgllt later, on 11onday, W:y 7th, trw country was again shoclmd by the news of anottier serious 
accIdent at Wlltham Abbey. this time at the newly established Nltroglycerlne factory. 

four person,; 'dere Kl1led and these Included the chemist on duty at the time, tlle foreman, 
the forefl]~:-I plUJlltwr and Gn{~ "lorv,mnn. Twenty other people were injured,mostly not seriously. 
The same CC:fTimittf:C ,rtf; ~,;;l-;ed to enquIre into the occurrence and, ae;ain, their report was 
W.lf;terly. They '-,.:wro.lnv: 'tlltne3f:es who "Ier~ in the vlcln1ty at the t1m (~. members of the 
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l'lanaglng and Aclministrati ve Staff, Dr. Dupre, Dr. Kellner, SIr Benjamin Baker, Mr. O. l'lacRoberts, 
Mr. O. Guttmann and ~Ir. Lundholm. 

The explosion took place at 4.8 p.m. in the Quinton Hill Nitroglycerine Factory. There 
were two explos ions separated by a very short interval of time, the first in the washing house 
and the second in the nitroglycerine store. The Committee concluded that it was impossible to 
say what was the actual cause of the explosIon but thought it was among the four special risks 
detailed below. The original explosion was followed almost at once by the explosion In the 
store and this was probably due to the crushing and breaking up Of the buIldIng through the 
blast of the fIrst explosion. The traverses, though callIng for materIal improvement in 
design (most of the Injuries were caused by flying brI cks from the traverses) did va luable 
service, but the supervision and precautions called for modification and improvement though no 
spec Ial blame could be attached to anyone. 

The "special rIsks" referred to above were as follows: 

1. Risks from a blow or friction due to the fall or violent movement of the skimmer. 

~ Risk from tqe use Of earthenware cocks. 

3. Risk from friction established by the leaden air pIpe. 

4. Risk from the fall or use of some article commonly present in .the washing house. 

In addition, the Committee considered that the risks referred to in their previous report 
existed in the present case, sometimes in an exag~erated form .and that a further source of risk 
was presence of a public right-of-way open at weekends, within a few yards of the buildings 
concerned, and the extremely inSUfficient protection against the presence in the factory of 
unauthorized persons. 

It was considered that the least improbable of the four special risks was the first. The 
skimmer was a lead perforated bowl weighing about 36 lbs., connected to the outlet with a 
rubber tube and suspended by a cord from a pulley above the washing vat. The fall or rapidly 
dangerous descent or accidental swing of this skimmer, though unlikely, could undoubtedly have 
caused the explosion. 

No.2., the earthenware cock, was not considered a probable cause in view of the weather 
being too warm for the nitroglycerine to freeze, but it was pointed out that, if the cock 
stuck, any application of force must be attended by grave risk. 

The third possible reason was one Which attracted the attention in particular of Dr. Dupre-, 
the chemical adviser to the Explosives Dept. of the Home Office. The air pipes had been 
renewed on the Saturday before the accident and were fixed only at the top. When air was sent 
through them there was nothing to stop them vibrating and rubbing against the bottom or even 
knocking against the side of the vessel. In the highly heated state of the nitroglycerine (it 
was washed at 50oC.) Dr. Dupr~ held that this was a very dangerous state of affairs. 

The risk from the use or fall of some loose article could not be ignored, saId the 
Committee. A glance at the IUse List l shows an extraordinary profusion of articles including 
5 wooden buckets, 1 glass beaker, 2 glass sample bottles, 1 phosphor bronze key, 1 wood maul, 
i lead maul, 2 copper rings, 2 framed slates, 1 earthenware skimmer, 2 lead weights, so that 
the chances of something falling accidentally were by no means .negligible. 

With regard to general risks, the Committee po1nted out that several of those referred to 
in their previous report still ex1sted, some being even worse. The.Commltte e l s report had 
not, before the date of the explosion, got · into the hands of the factory staff. Searching had 
improved but was still nqt satisfactory, workmen wore boots without nalls, but were allowed to 
wear them outsIde the houses. Apart from the risk of introduction of grit, a match could 
easIly be introduced on a manls boot and could quite lIkely be picked up on the footpath adjacent 
to the building WhIch had been used by the publ1c the day before. 
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TIll'. COliunittt!C bt!l.lev,:; d that , in lH)vCral detaIls, tI lE: system of IIl ' lnu fac:tl.ln: ,:llld .'al!>c:rv l :; l on , 
the preC.<lut i onal'Y regulations and de tails, the dI s trIbution, and to some extent. tIle pro te ct ion 
of the bui lLl1ngs called for modIficatIon and Improvem ent. All the comments with rc;e;ard to 
fRctory discIplIne made in connectIon with the prevI ous explosIon stIll appeared to hold, and 
one 1-11 tness, fir. HcRoberts, In Ills evidenc e . sugges t ed the possiblli ty of the acc Ident having 
occurred as the result of s OlTie Incautious ac t of a workman I-lith a view to repairIng a sudden 
lea k or fra cture of the apparatus. 

In the course of the evidence at the enquiry it transpired that the BuildIng Works Depart
ment was unde r the control of its OHn Superintendent, \vho was not responsIble to the SuperInten-
dent of trw Factory. In fact, it was cl ear that he was about to r econstruct the buildings on 
the same sites In the sarne 'Ilay as before and that the lmfortunate SuperIntendent. had not even 
seen the dralvln gs . 

The Corr~itteeexpressed the opinion that the buildIngs were far too close toge ther and 
that if they \<Jere to be r econstructed on the same sites the output must be reLluced to the abso-
lute necessary mInimum. They suggested, too, tha t it was unwi se to surround danger buildings 
with unInterrupted traverses or mounds or to place them in pits (tlle N.G. Store was built ill 
this way). They r ecommended a type of construction of bu1ldIngs light enough to yIeld eas1ly 
to suction or pressure, and we re ' Of the opinion tha t no N. G. store was necessary, but that 
successive batches of purified material should be forthwith absorbed in Gun cotton. 

F'1nally, they said "But the Committee are of opinion tha t a fa ctory like Waltham Abbey, 
and 'more espec i ally that branch which dea ls with chemical explosIves, should have the constant 
services of a chemist of hIgh standing and long special experience in these departments of 
chemical industry, and that this officIal should have responsible control over all the manufac
turing operatIons, as well as over the qualIty of ma terials used , in tha t bran ch which deals 
'Ill. th chemical explosives . 

TI1us was laId the foundation of that modern practice whIch has made explosives manufactur-
Ing a really safe industry. Many old ideas were swept away and much neVi blood It/as brought in. 
Col. McLintock, the Superintendent, was one of the first to go; in fact, he had gone before 
the Committee's report appeared (on July 12th, 1894) and capt. F. L. Nathan, the Officer-in
charge of Danger Buildings, was Acting Superintendent, and probably gained at this period much 
of the experience which made him later one of the greatest Superintendents. In July Col. 
Ormsby became Superintendent and he appears to have carried on the good work of reform with 
great vi gour. 

At this period the mora le - of t ne -factory musthave been at a 101rJ ebb and one- curious ' 
attempt at boos tIng it was the publication in the popular tlStrand 11agazine tl in March 1895, of an 
illustrated article by Wm. J. Fi tzgera ld entitled tlHow Explosives are Made tl . Th1s was a fairly 
detailed description of Clie factory and the manufacture of gunpowder therein, but the very 
journalistic approach and the insistence on the risks involved can have done li ttle to help. 
Thi s article is reproduced as App endIx V. 

Improved discipline and the s trict applIcation of the r ec ommenda tlons of the Sandhurst 
Committee I-/ere daily rewarded. The Boer Wa r came and I'/ent Hi tll H. G. P. F. carrying the brunt 
of cordite m8.nufac ture without any accident, but on 15th December, 1902 a cordite incorporating 
machine bleH up and caused the deaths of three men. At the Coroner's inquest '1lhich followed 

no sa ti sfactory explanation was found. The accident occurred jus t as a machine was started 
I-/i tll a fresh cflarge. Najar Nathan, who was by then Superintendent, gave as poss ible explana-
tions the possibility of some foreign substance either in the pas te or In the machine, or the 
frac ture of one of the cast iron a rms of tlle machine. The Foreman of the jury, at the conclu-
s ion of the inques t, said that he thought l1ajor Nathan had given every fac ility for holding 
the enquIry and that tile [act that nine years had elapsed s ince the prevIOUS explosion was very 
eredi table to of flcia ls and worJunen. The local newspaper th e tlWeekly Telegraph tl , however, 
sa id "~,rhethe r all It/as said that .would have been uttered had not Major Nathan r emaIne.d. s itt;,ln g 
a t the coroner's elbow, Is purely a mat t er for speculatIon. At all even ts we do not hesltar 
to s ay that it would have been more sa ti s factory, and would have set much doubt at rest If 
during the r ecital of the chargeman ' s evIdence, a ll tlle f ac tory officers had withdraHn b' 
earGhot. He have no wish to cavil at the congratulatory observations of tile foreman (' 
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Before tho inquest there had been stor i es of rushed \Vork: and of complaints fro;]] workers as 
to th e condi Uon of the pla.nt. The local paper had reconmlended the jury to press for answers 
to Questions on these poInts, suggestinG that by so dOing they would undoubtedly "do a servIce 
tha t will be apprecIated by hundreds of men who cannot speak for themselves, but who have to 
groan under conditIons whIch would not for a moment be tolera t ed In any respectable manufactory 
or workshop". 

Nothing that transpIred at the inquest could be said to l end colour to such comments and 
if Major Nathan was an autocrat, he was an enlightened and even benevolent autocrat. Even if 
the cause of this explosi~n dId not transpire at the inquest there can be no doubt that its 
lessons were l earned, for It was to be almost 40 years before trouble came again. 

Even the 1914-18 war with the immense output that Waltham produced did not shake the safety 
record. The dull period after that war and the pei'lod of Increasing output from 1935 onwards, 
all passed safely. The second World War started and on the first day of it Waltham had its 
fIrst (false) air raid alann. The phoney war .period proceeded and in the morning of Thursday, 
18th January, 1940, the neighbourhood was startled into believing that a real raid had started. 
It was,. however, an explosion at an N.G. mixing house. The morning was intensely cold and the 
subsequent enquiry left little doubt that some nitroglycerine had been handled in the frozen 
condi tion. Three men who were ·present in the building were killed as also were two others 
who were killed by blast just outsIde the traverse as they were bringing Inore paste. Three 
other men, working in an N.G. washing house only 100 yards from the explosion, continued at 
work in spite of damage to the building and services until the operation was completed. For 
this typical example of the working of the tradition that had by this time grown up in Walthaml 
Abbey, they were aHarded the Empire Gallantry Medal. 

It need hardly be added that by this time compensation to relatives of the deceased men 
was on a much more generous scale than Has the case In the previous incidents we have recorded, 
but, nevertheless, an emergency relief fund was opened and over £100 quickly subscribed. 

Only three months later, on Saturday, 20th April, 1940, a very similar accident occurred 
in another mixing house. Again, five men were killed, and, as in the previous case, rumours 
of sabotage were rife. On this occasion there was no icy blizzard to freeze nitroglycerine, 
and, indeed, all conditions appeared to be favourable. No explanat.1on was found by the Court 
of Enquiry on Which the. explosion could definitely be blamed. 

After this very disquieting pair of accidents Hork at the Royal Gunpowder Factory conti-
nued without further explosions until the factory was finally closed down. Production was v~ry 
little hindered by enemy action and, though Waltham was in a well bombed area. the amount of 
damage in the factory was qui te slight and the loss of life due to enemy action very small 
indeed. 

- 76 -



CHAPTER XII 

THE ROYAL GUNPOWDER FACTORY 

THE LAST PHASE 

In the year 1934 an entirely new era in the history of the Royal Gunpowder Factory opened, 
for in that year Dr. R. C. Bowden was appointed SUperintendent, the first civilian to hold such 
a post. There then commenced the work of rehabilitation of the factory for rearmWlent after 
many years of idleness and neglect caused by short sighted economy. 

It was quickly realized that nothing could be done to turn Waltham into a large scale and 
economical producing unit. Efforts were concentrated on getting the available facilities 
working quickly and at the same time planning the removal of the main production to less vulner
able sites, and the training of staff to operate new factories. 

The first step in this direction was the opening in 1938 of the Royal Ordnance Factory at 
Irvine to operate the new continuous T.N.T. process already described. The major problem was, 
however, the Siting of the new propellant factory. The authorities were very properly press
ing for a site in one of the depressed areas to be chosen. Dr. Bowden, assisted by the Build
ing Works SUrveyor at Waltham and the Land Agent for Scotland surveyed some 4,000 square miles 
and finally recommended a 2,500 acre site at Bishopton in Renfrewshire. No alternative being 
offered, the recommendation was approved and a planning staff engaged and located, und.er 
SUperintendent, R.G.P.F., at Waltham. The construction of the Factory was undertaken by His 
Majesty's Office of Works and it was brought into operation in 1939 when Dr. Bowden was 
transferred there. 

Several other factories followed, both for propellants and high explosives, and they all 
relied very largely on Waltham for experienced staff. 

So the spirit and tradition of Waltham lived on and still lives on in various parts of 
the C.l)untry but as the war progressed and the newer and larger Ordnance Factories came one by 
one into production and full operation, it was felt that Waltham's thriving and growing off
spring should shoulder more of the burden of production and relieve the authorities Of the 
responsibility of having to carryon dangerous work in such a vulnerable area. R.D. 202 was 
discontinued in January 1943, Guncotton in August, and Nitroglycerine in September of the same 
years. By October 1943 the R. G. P. F. had ceased to be a production unit and a history of con
tinuous manufacture of explosives for about 300 years, half of which was under Government con
trol, came to an end. 

The site has not, however, been entirely divorced from Explosives Work as it became the 
Headquarters of the Explosives Research and Development Department and many of the old build
ings have been adapted for purposes far removed from those for which they were originally used. 

Roads have been built allover the site and drainage and transport facilities improved out 
of all recognition, so that one may well wonder whether, in spite of war risks, it might not 
have been advisable to retain this very conveniently sited factory for the manufacture of 
explosi ves. 
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APPli:NDIX I 

STATEMENT OF FACTS HELL\TIVE TO THE SAVINGS WHICH HAVE AHrSEN FHOM 

MANUFACTURING GUNPOWDER AT THE HOYAL POWDEH MILLS AND THE IMPROVE

MENTS MADE SINCE 1783 

Published by Wm. Congreve (I) Comptroller of the Royal Laboratory, by permission of 
Lord 11ulgrave, Haster General of the Ordnance In the Year 1811 

"In the year 1783, trr. Pl tt intended to have recommended to Parliament the sale of the 
Royal POl-/der Mills at I"aversham, it having been represented to him that the pOVider merchants 
could make better €!."lmpowder, 811d much cheaper, than the King's servants; fortw1ately, hOlvever, 
for t.he country, His Grace the late Duke of Richmond, then Master General of the Ordnance, 
attended to the representations which Gen. Congreve, at that time Comptroller of the Laboratory, 
thought it his duty to make; by which it was proved, that there existed a profit on the powder 
manufactured at the King's 1"[1 11 s; and that if this profit were for a few years properly 
expended in improving the I'/or1(8, the Ordnance . would be enabled to make both stronger and more 
durable Gunpowder at the Royal Powder Mills, than had ever been previously made. This state-
ment was confirmed by a course of experiments, proposed and carried on by the Comptroller; and 
In consequence, the Idea of disposing of the Royal Powder Mills was not only abandoned, but the 
improvements suggested were carried into effect; with what benefit to the country, both as to 
economy, and as to the improvement of this most important article of war, Hill be provIded by 
the estimates, and other statements contained in this pamphlet, \"hich have now stood t.he test 
of more than twenty years' experience. With reference to the first point, it is shewn that 
there hqs been saved to the country no less a sum than one million forty-five thousand four 
hundred al1d ninety-four pounds; 8nd with respect to the latter, H Is SUfficient to state, 
that such has been the increase of strength in the gunpowder, that it was found necessary to 
reduce the charges for the service of the navy, from one-half the weight of the shot to one
third; so that, not only has there resulted a saving in the price Of the article, but In the 
ac tual consumption also. 

It is needless here to dila.te upon the state of the gunpO\-Jder in the British service 
previous to this period, since it is notorious, that the inferiority 'of the English gunpowder 
to that of the enemy, was the constant subject of complaint both in the navy and army; and it 
is a fact, that, when the fleet was disarmed at the conclusion of the American war, in some of 
the line-of-battle ships, there were not ten barrels of powder fit for service:- how much Its 
condition has been since improved, wlll be seen In the sequel. In the first plac.e, ,however, 
the following detailed estimate is set forth to prove ' the extent of the savings to the 
country made in this article. 

AN ESTIMATE 

OF 

SAVINGS MADE TO THE ORDNANCE, 

In consequence of the several improvements ,introduced by Lieutenant-General Congreve, 
Comptroller of the Royal Laboratory, in the manufacture of new Gunpowder:- in extending the 
powers of the mills: - in recovering the ' strength of that which has been rendered defective on 
board the Royal Navy: - in extract1ng the Saltpetre frOlll damaged Gunpowder, etc. etc. - viz. 

1st item. - profit to the ordnance, in manufacturing, between the 
1st of January, 1789, and the 3ist August, 1810, 407,408 barrels 
of gunpowder, of 100 Ibs. each, at the Royal powder Mills at 
Waltham Abbey and Faversham, being the difference between what 
that number of barrels cost manufacturing at the King'S mills, and 
the sum that would have been paid if supplied by the merchants 

Carried forward 
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Brough t forward 

2nd. - Profit to the ordnffilce In re covering the strength of gun
powder, (returned fr om the royal navy, etc.) by re-stoving and 
dusting, at the Royal Powder 11111s at F'aversharn and Waltham 
Abbey, and mixing at Purfleet, the operation having been per
formed with 127 ,4191 barrels of gllllyoHder, of iOO Ibs. each, 
between the 1st of January, 1790, and the 31st of August, 1810, 
which, at 8S. 4d. per barrel, amounts to .•••.•..••.•••••••••••• 

3rd. - Profit to the ordnance in r ecoverIng the s trength of ) 
62,338~ barre ls of gunpowder, of 100 Ibs. each, by dusting, re- ) 
stoving, and mixing, at the Royal Powder Works at Portsmouth and ) 
Plymouth, between the 1st of July, 1804, anj the 31st of ) 
August, 1810; wf.Ich, but for the L'e works, mus t have been per- ) 
formed · at F'ave rsl1a..l1, and of course been subject to the ) 
additional charge of frelgl1tage from those places to Purfleet ) 
and from thence to F'ave rsha..l1, as ~ie11 as other expenses, and ) 
the loss of gunpOlvder from damage in 1 ts trans I t backwards and ) 
forwards; nor could it have been in so good a condition for ) 
service, as it must be by the gunpowder being recovered on the ) 
spot as It now is. The above number of barre ls therefore, at ) 

&: 

288 ,357 

53,091 

8S. 4d. per barrel, amounts to ••.•.••.•••••••.•••.•••.••••••••• ) 25,974 

4th. - Profit to the ordnance, in consequence of the improve- ) 
ments in the manufacture of new gt1.'1powder, by which Its strength) 
has been so much increased, that it was found necessary, in the ) 
year 1796, to reduce the charge of gunpowder for ordnance one- ) 
third in weight, by which two barrels will go as far as three ) 
barrels did previous to that period; since which there have ) 
been manufactured at the King's 11111s, and received from the ) 
merchants, between the 1st of Jarmc.ry, i797, and the ) 
31st of Augllst, 1810, 371,880 barrels of la.rge grain gunpowder, ) 
of 100 Ibs. each, I-!hich, valued . at £5 per barrel only, the pro- ) . 
fit upon each wlll be one-third of trlBC sum, viz. £1. 13s. 4d. ) 
per barrel, and aTiOuntS to the sum of .......................... ) 619,800 

5th. - Profit to the ordnance in extracting saltpetre from ) 
137,993 barrels of unserviceable gunpowder, of 1001bs. each, ) 
by the 8.dop tion of Gen. Congreve's new-invented press*, between ) 
the 1st Of January, 1785, and the 31st of August, 1810, as, ) 
before this press was used, only 65 Ibs. of saltpetre were pro- ) 
cured from each barrel of gunpowder; but during the above ) 
period, 71 Ibs. have been obtained, (in conse quence of the ) 
improvemen t) ~/hich is a saving of 6 Ibs. of saltpetre upon each ) 
barrel:- the \'11101e qumtlty saved amounts to 827,961 Ibs. - the ) 
profit, a t 9d. per lb. to .................. ~.................. ) 31,048 

Carried fOrl'lard . •••••••••••• 1,018,271 

s. 
6 

11 

7 

o 

10 

15 

* A press wi th t vJO moveable s 1de cheeks operated by sc rews in which bags of gunpowder 
soaked in hot. Hater could be squeezed for r ellloval of the soluble nl tre, (W. H. S. ) 
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Brough t fOrl..Jo.rd 

6th - Prnfit to the orct18..T1Ce from the 1st of Harch, 17(:)4, to 
the 31st of August, 1810, by issuing to the merchants, as re
commended by General Congreve, refined, instead of grough 
saltpetre, as formerly; since this period there have been 
delivered into store, at Purfleet magazines, 241,980 barrels 
of gunpol'lder, of 100 Ibs. each, for which the merchants would 
have been allowed, J.f the existing arrangements had not been 
adopted, at the rate Of 80 lbs. of refined saltpetre per 
barrel; ".,hereas, for eacll barrel manufactured during the 
above peri od, they have r ece ived upon <:In average only 77 Ibs. 
there is, therefore, a saving of 3 Ibs. of treble-refined 
saltpetre upon each of the above barrels, besides the 
more important object gained by the ordnance, of being certain 
that this most essential ingredient Is perfectly divested of 
all impurities, by refIning it themselves. This item amounts 
to 725,940 Ibs. weight; which, at 9d. per lb. is •••••.•.•••. 

Total of s av ings ••••••••••.• 

) 

) 
) 

) 

) 
) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

:i, El . d. 

1, OW, 271 1S 

27,222 i5 o 

£1,045,494 10 6t 

By the foregoing estimate, therefore, the amount of this important saving is proved, as 
above stated, to be no less than one million forty-five thousand four hundred and ninety-four 
pounts, teT! shillings, and six pence. SOnle further explanation, however} of the sources 
from which I t has flowed may be necessary. They are as follows: 

1st. - The extension of the powers of the Royal PolUler. Nills at Fcwersham and fValtham Abbey 

On this point it is to be observed, in addl tion to what 11as already been stated as to 
Gen. Congreve' shaving prevented the sale 0 f the Faversham Powder Hills in 1783, that it viaS 

in consequence of his repeated remonstrances that the MIlls at Waltham Abbey were purchased: 
and here, therefore, it is proper, with regard to these Mills, separately to state how the 
account stands; to \Vit, that, after paying off £45,622. 12S. 4d. the whole amount expended in 
the original cost, in extensions of the works, in repairs, and improvements, there is a balance, 
in favour of these new ll111s alone, of £50,096. 13S. 5d. Now much having been said respecting 
the money laid out at the Royal Powder Hills at Waltham Abbey, it is important that this state
ment should be made knm·m; and indeed it is further to be obs~rved,_ that the purchase of the 
water of the Cheshunt and Haltham Abbey corn mills was the only additional purchase recommended 
by ' Gen. Congreve, the necessity of which has been sufficiently justified; as, previous to this 
power being obtained, 15,063 barrels of gunpo\..,der only were made in one year; but sub
sequently, 20,401 are manufactured per ann. by the same mills, making an increase of 5,338 
barrels annually; and as the quantity of water is considerably more than could be used by the 
former establishment, the Ordnance are still further enabled to build additional mills upon 
that head, and incre ase the manufacture of gunpowder to a much greater extent. From this 
circumstance, tllerefore, it will evidently appear, that the purchase was not advised without 
due consideration. It is true there may be some reason for regret, that this was .not done in 
1789, when it was first recommended by Gen. Congreve, as at that time it might have been 
obtaIned for about £9,000, instead of t11e sum whic1l it eventually cost; and as it would 
further have enabled the Ordnance to have had the arrangements of the manufactory complete, 
and in the full power of 'dork, some years sooner. They could then have sooner resisted the 
extravagant demands of the powder merchants, who, previous to this purchase, aSked an increase 
of 18S. 6d. upon each barrel of gunpowder, though they afterwards consented to talte 8s. 6d. 

The second source of the savings above stated is -

The recovery of old pOlcder . by the process of dustine and re-stovine it 

This important; arran gement was introduced by General Congreve prior to the year 1790; 
since whIch period no less than one hundred and eighty-nIne thousand barrels of old powder 

. have been r endered serviceable by this sImple and wlexp enslve process. 
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Prev low" hOl'lever, to HI s Grace tho Dulce of RIchmond' s tIme, all ~unpowder I-Ihlcli l1 ad been 
fanned into lUll1ps, from the damps in 1118 Majesty's shIps of wal', on I-Ihlcl1 upon its return from 
a foreign station \'lOuld not raise the vertIcal eprouvette to 1 inch 8 tenths were sold. 
Tlms, between tIle 1st of January, 1771, and the 31st of December, 1779, the powder merchants 
purchased 19,070 whole barrels of gunpowder, whIch had been only one voyage to a foreIgn 
station, and they did not pay more than 5613. per barrel. The gunpowder thus purchased from 
the Ordnance department for exportation, procured the purchaser in the !irst instance, 413. 6d. 
per barrel drawback. at the CUstom-House, the exporter only being called upon to swear that such 
powder was of British manufacture, So that there was not only 1n the first instance the loss 
upon the powder Itself, which might have been so easily restored, but In the second Instance, 
the country lost the drawb ack. also. 

B~fore the ist of April in the year i783, a powder merchant (Hr. Hill) purchased 5,150 
whole barrels of foreign gunpowder from the Ordnance, for 3713. per barrel, because it did not 
raise the vertIcal eprouvette to the proof standard, when similar gunpowder has been found to 
make ranges very sufficient for many cases of service. 

But, in fact, these ~re not the only advantages of this new system ot repairing gun
powder; for it must be evident, that one hundred and eighty-nine thousand barrels of new 
powder, the place of which has thus been supplied by recovering the old powder, could not have 
been obtained in the time, without very greatly enhancing the price of the commodity in the 
market; not to mention, indeed, that the great consumption of the period if question could 
not, in fact, have been adequately provided for, had not this arrangement been adopted! 

The third source of economy has been seen to be -

1~e incr?ased strentth of the powder, and the consequent reduction of the chartes 

Under this head it has been already stated, that two barrels of the powder now manufactured 
are equal to three of that which used to be made; a circumstance, the advantage of which are 
not merely confined to the reduction of the consumption, but embrar.es still more important con
siderations, in the proof it establishes of the superior excellence of the powder itself, and 
the great additional powers thereby given to His Majesty's arms, both by sea and land; and 
indeed it has been proved, by a variety of experiments, that whereas the English gunpowder was 
formerly very inferior to that of the enemy, there is no powder belonging to any nation, which 
will give any thing like the ranges which the British powder now produces. 

The next source is -

The improved mode of extractint sal tpetr? from damaged pohller . 

From this it appears that there is a saving of 6 Ibs. of saltpetre upon every barrel 
extracted; to which it may be added, that a further saving has resulted from the removal of 
the operation, as proposed and carried into effect by Gen. Congreve, from Woolwich to 
Faversham, where ie is performed at a considerably reduced expense. 

The last source of advantage stated in the foregoing estimate, is -

The issuint of refined sal tpetre to the merchants, instead of fivin~ it to them tn the 
impure state, as formerly 

Gen. Congreve \~as induced to propose this arrangement, and to recommend the Ordnance to 
refine their m'm saltpetre, for two reasons: first, that they might be certain of having it 
properly purified; and secondly, with a view of reducing the loss s~stained by the government, 
in allo'tling 15 per cent. for refinement on the quantity issued. He had indeed, from 
repeatedly illlalysing the contractors' powder, convinced himself, that although this allowance 
was made, the saltpetre was very imperfectly refined, so as not only most materially to 
deteriorate the po·tlder, but to give the contractors a profit on this allowance to Vlhich they 
were not entitled; as, in fact, there is not a loss of more than 7 per cent. in treble
refining the mos t impure saltpetre that comes to this country, and not more than 5 per cent. 
on an average; so that, even if the contractors had brought the saltpetre to its most refined 
state, . tl1ere \4aS stlll an average loss to the cow1try of 10 per cent. on the quantity i s sued. 
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Slierl, thOll, Is tllC l' c: capitulatlon of trw sources of utlv:mtage from Gen. Congreve's 
arrangem ents in the de partmont of the Powder l'l111s, a s scated in the for egoInG e:~ timace; and 
to these may be added t.ll e following, viz: 

fir s t, that the present Comptroller introduced the system of producing the fine-grained 
as well as the large- gr ained powder in the process of the mrulUfacture, so as to be able to 
issue a description of small-~rained powder for small arms, and for priming of cannon, and of 
large-grained for the crumon themselves; having ascertained by experiment, that although the 
small-grained powder is stronger in small quantities, and therefore f1tter for musquetry, the 
large-gra ined powder is better for the charges of cannon, independent of the great certainty 
of not mi ssing fIre, W111ch arises from priming the locks, vlhether for small arms or cannon, as 
now used in the navy, ~"1th this fine-grained powder. 

Bt:t in fact, a furt her profit might be carried to the credit of the account, as this 
priming and small-arm amffitm1tion would be charged for by the merchants at a much higher rate 
than has been allowed f or it in the estimate, where the same price only is tal~en for both 
sorts; exclusive also of the above-mentioned powder, a considerable saving might be reckoned 
in the manufacturing 2, 791-i! barrels of rifle gunpowder, of 100 lbs. each, at the ICing's Mills, 
which has only been estimated at the price of the common sorts; because, if the Ordnance were 
to purchase this species of gunpowder of the powder merchants, who retail it at about 3S. per 
lb. 1t is reasonable to suppose that they must have been paid at the rate of £:10 per barrel, 
whereas it does not cos t government, by manufacturing 1t themselves, much more than half that 
sum. 

The next point to be stated is -

The (reat, durability thaI; ILaS been E!t1Je1! to the British l/unj'OT,;Jer. 

fl1is is one of the most important improvements made in the manufacture by Gen. Congreve. 
It depends on a variety of circumstances, viz. - The great care nOl'I taken· to render the 
ingredients most perfectly pure - the increased attention paid to working the powder under the 
runners - to the pressing of it - and to the improved modes of dusting and glazing It.. 

The following table of pract1ce, carried on at Marlborough Downs some time since, will 
shew the extraordinary durability of which good gunpowder Is capable. Some of the F'aversham 
gunpowder, fired in these experiments, was made under the immediate inspection of the 
Comptroller of the Laboratory, in 1785, and has been kept in common wooden barrels upwards of 
twen ty- four years. 

Ranlfes of a lo-inch shell from a sear-seroice morlar, . loaded with 9 lbs. of Ifunpol,der-, 
Mar!.boroulfh DOI<f/1S, i809 and 1810. 

Faversha;n Gunpowder, made in •.•.•...••••• (1785 
(1809 

Waltl1am Abbey, in .•.•.....••••.••.•••••.• 1809 

Contractors' 

Gunpowder, 

made in 1809 

(Plgou ....... ~ ..•.......•................ 

(Br idge s ........•....•.•.•.•.•••...•.•..• 

(Taylor and Co. • ••••••••••••••••••••••••• 
( 

(W. Taylor .•..••••••••••••.•..••••.•••..• 
( 
(Hr. Butts .••••.••..••.•••••.••..•..•.•. · 
( 
(Mr. Kltchener •.••..•.•••••.••.•.•..•••.. 
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Yards 

4319 
4360 
44~50 

4270 

3898 

3861 

3922 

,1187 

3801 



Not\,,1 thst'.uldInl(, tlOwever, the extraordInary preservation of th1s gtmpol',der, shel-n1 by the 
above table, it Is mucl! to be wished tJ1at the Ordn cU1ce would devise the means of provIding 
tllOrou(".,llly seasoned wood for the construction of powder barrels, to prevent the possib1l1 ty of 
tllat damage, which the pOWder now frequently receives from the acid of green wood. I t is 
also very desirable, that proper povlder vessels should be constructed for the better securi ty 
of the powder barrels frOln damp In their passage to the magazines at the outports. 

T11e comparisons afforded by this table are an additional proof of the good polley and 
importance of the retention of the King'S Powder Mills at Faversham, and the purchase of those 
at Wal tlla.m Abbey. 

There Is Mother point which must not be passed over in this history of the transactions 
of this department, viz. -

The idea of this improvement was first suggested by Dr. Watson, the celebrated chemist, 
and has been carried into full effect by the present Comptroller, who has by this means 
brought to perfection a new description of gunpowder, called Cylinder Powder, from the form 
of the retort in which the process of charring is performed. The form of this retort was 
first recommended by Dr. George Fordyce, and afterwards improved upon by Oen Congreve; and 
the powder made with charcoal so produced, greatly exceeds the strength of the common powder. 
It is, therefore, not only of great consequence in a variety of cases of service, but in the 
repairing of old powder, by mixing a certain proportion of this strong powder with it. 

Such then is the outline of the improvements that have been made in tIle gunpowder depart
ment within the last thirty years, and of the important benefits that have arisen from them, 
both to HiS Majesty's service, and to the public purse. It is only necessary further to 
state, that in consequence of the present powerful condition of the King'S Mills, so great a 
quantity of powder is manufactured by the Ordnance themselves, that they are enabled to keep 
the contractors in order, both as to price, and to the quality of the powder received from 
them; Wllich, by the regulations of Gen. Congreve, is now submitted to the most severe trials. 
These trials, moreover, are now made to correspond wi th the description of use to W11icll the 
powder is to be applied in actual service; the large-grained powder being now proved by com
parative ranges with the King's powder, out of a mortar; and the small-grained powder by the 
comparative penetration of a bullet fired from a musquet barrel: whereas nothing could be 
more deceptive than the former mode by the vertical eprouvette, in which a soft and rotten
grained powder would produce a much greater effect than the hard and good serviceable powder; 
and the results of which l-lOuld be continually at variance with the effects in the modes of 
actual service. In short, the pOHder that is now received from the merchants, is much more 
powerful than any in possession of the enemy, and is a firm-grained, clean, and durable 
powder. And this has been the great object of the Comptroller not to deprive 'the' contractors 
of their employment, or of their profits, but to make them do their duty - to improve as much 
as poss1ble the powder made at the King's m1lls - and to compel the merchan ts to imitate these 
improvements; for which purpose they have access to the King's ;.,orks whenever tl1ey please. 

That General Congreve has well succeeded 1n these objects, it is hoped the foregoing 
stater,lents will have abundantly proved. To have so succeeded for the good of the servIce, 
and of his country, constitutes his greatest pride, and brings with it its own reward; for 
he has sought no other recompense. 

- fl4 -

[loyal Laboratory. 
April 20, 1811. 



A SHORT ACCOUNT OF THE IMPROVEMENTS MADE BY 

SIR WlIl. CONGREVE (II) IN THE MANUFACTUR[i; OF GUNPOWDER 

(Inclurting the Substance of British Plltent. Specification No. ~~937.) 

PUb11shed by T. Egerton, Military Library, Whitehall 
in 1818 

In the first place - as the due mixture of the Ingredients of Gunpowder, namely, the 
sal tpetre, sulphur, and charcoal, is of the utmost importance In producing the strength of the 
compolmd; and as, at presen t, 11 t tle pains are taken in thi s firs t mixture be fore the com
position i s placed under the rlmners; I have invented a machine for this purpose, to bring 
the operation to as great perfection and certainty as posslble, in the first instance. 

This Nixing Mach1ne is thus constructed: - three hoppers, for the three Ingredients, are 
fixed in a frame, close together, in a horizontal Hne, and a cylindrical brush, either of 
hair, wire or other suitable materlal, about three inches in diameter, and six or eight inches 
long, is then fitted 'on an axis into an oblong aperture, of the srune dimensIons, in the bottom 
of each hopper. On this cylindrical brush the composition In the hopper lies, so that when 
the brush is made to revolve on its axis, the compositlon will be drawn out in a fine stream 
of the s~~e breadth as the brush; and on the same principle as cotton thread is drawn by the 
revolutlons of the rollers in the cotton mill: the fineness of the stream beIng adjusted by 
the closeness wIth which the cylinder is fitted to tt~ aperture of the hopper. 

With this arrangement it follm-IS, therefore, that the quantity of compost tlon drawn out 
in a given time, depends upon the number of revolutIons made by the roller In that time; and 
consequently, any required proportion of the different ingredients may be drawn from each 
different hopper, according to the proportionate velocities with whIch the brush rollers are 
made to revolve, and these being regulated acc'ording to the due proportIons required for Gun
powder, and their motions being sustained by a mechanical action, we have thus the means of 
keeping up streams of the three ingredients, having the proportionate quantity of each, exactly 
what is required. This, therefore, is the first part of the process. 

Again, beneath these hoppers and rollers, on ·the same frwle, a broad endless band of 
leather, canvas, or ' any other suitable material, Is fixed on rollers, so as to have a continued 
horizontal motion, sustained by the same action as supports the motion of the discharging 
rollers of the hopper; and on this band, so in motion, are received the three proportionate 
streams of comp~s ition above described, as issuing from the three hoppers. In proportion, 
therefore, as the velocity of this band1s motion is increased, with respect to the velocity of 
the issuing streams, so will these streams be reduced in thickness, drawn out by this second 
process, and carried away upon the band, in lamina, thinner and more attenuated than as they 
issue from the hoppers. It fOllows, therefore, as the band passes with the same velocity Under 
each of the hoppers, that it will be covered with a stratum of composition composed of the 
three ingredients, uniting upon the band in the due required proportions, and attenuated by a 
sufficient velocity in the band, so as to bring the falling particles of each ingredient into a 
due and almost mathematical juxtaposition, with those of the other two; and in the pre-
determined proportions, regulated by the velocities of the extracting rollers. It is almost 
needless to add, that the combination of particles thus collected, is detached from the band 
where it turns over the end roller, and is there gathered into a single receiver. 

In this way every mill charge may be mixed separately, or in greater quantities, according 
to the size of the apparatus; and although the mixture thus obtained may be considered as 
nearly perfect, still, as a few small lumps will sometinles escape the revolving brushes, I have 
considered it advisable to pass the composition from this receiver through another nlachlne, 
for the purpose of breaking down any such irregularities, and for the more complete incorpora
tion of the ingredients. 

- 8f) -

/ 
, 

t 



This second mac hine i s somewl1'1t slmUar. but consists of a sin(O-e hoppe r only. havIhr; a 
larger cylindrIcal brush at the bottom of it; the lower part of whIch acts a[~ain:3t a fine wire 
sieve, embracing half · the brush. 

By t.his means, the contents of the hopper, consisting of the compound of ingredients, 
united as above desc ribed, are forcibly driven through the sieve, and reduced to the finest 
powder; so as, by a few repetitions of the process, completely to remove any imperfections 
that may remain after the first mixture. The repetition of this operation to any desired 
extent, in one continued process, I have effected by letting the contents of the hopper fall 
into the inside of a vertical drum, fitted with ledges. This drum works round the hopper, so 
that, when revolving, it carries the composition received from the hopper at the bottom round 
to the toP. and drops it back again into the hopper from the ledges as fas t as it i ssues; and 
for as long a time, or as frequent repetitions of its passage through the brush and sieve, as 
may be wished, by keeping the machine at work. 

Such, therefore, is the process of mixing which I adopt previously to working the Powder 
under the runners; and as the great end of the working under the runners is the due mixture 
and incorporation of the ingredients, it follows that much of this operation, which, from the 
present "imperfect mode, of previous mixture, is tedious, laborious, expensive, and dangerous, 
may be saved by the simple, secure, and easy previous admixture here provided for. Indeed, it 
is difficult to say, with the present experience, to what extent the latter of these operations 
may not ultimately be substituted for the former. 

We now proceed to the Press House; where, instead of the present mode of throwing the 
mill cake under the press as it comes from the mill, by which means large intervals are left in 
the mass, so as to form a very soft and brittle cake in the parts near those intervals, the 
mill cake is broken down by passing it through brass rollers with coarse teeth; by which it is 
brought into such a state, that it can be distributed so regularly in the press as cannot fail 
to produce an equal and thoroughly Hell-pressed cake. Instead also of being laid between a 
few copper-plates, as at present, so as to turn out from under the press in cakes of two and a 
half or three inches in thickness, it is laid, with much nicety, between an increased number 
of plates, at gauged distances, so as to turn 
does not much exceed one-eighth of an inch. 
and uniformly pressed cake is thus produced. 

out in cakes, the average thickness of which 
It is needless to say, that a much more regular 

But the object of this arrangement does not rest here. It anticipates an entirely new 
mode of grenulating the powder, by which not only the danger of the Corning House is obviated, 
but many other imperfections attaching to the present system of granUlation avoided. 

The new Granulating Ma~hine, for which the press cake is thus prepared, is formed as 
follows. 

It consists of three parts, which are placed in three distinct rooms, one principal and 
two adjoining rooms, having a strong brick wall between them, to act as a traverse to each. 
In the prinCipal, ·or middle room of the three, the actual granulating apparatus is placed. 

In the first of the adjoining rooms is contained a large hopper, in which the pressed cake 
is depOSited, in quantity not exceeding a barrel at a time, to supply the machine in the second 
or middle room; while the third room contains a bin into which the powder passes as fast as it 
is granUlated in the second, and is thence carried away, at stated periods, to a magazine, to 
prevent any accumulation in the granulating house. 

Such is the general arrangement. The Granulating Machine itself, in the middle room, 
consists of two sets or pairs of brass rollers, about two feet six inches in length, and two 
inches in diameter; supported in the middle, and divided into teeth ?as will hereafter be more 
partiCUlarly described); each pa1r wo'rking together by means of a pinion or nut at the end of 
each roller, so that they draw inwards like the rollers of a flatting mill, or those of a 
cotton mill. 
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The teeth of tilese tvJO set[l of roller:, are of dIfferent (legree s of flnene8s, and the 
rollers a.re set at different L1l s t ancct'; tile coarsest so far apart as readily to clraH in the 
thin pressed cake abo've describc(\. Thesc pall'S of rollers are set in a strong frame of cast 
Iron or Hood, about sIx feet hlgl1, and eif1\t or ten feet long, more or less; so that the upper 
Md coarser pall' are at tIle top of the frame, about eighteen inches or tHO feet higher than the 
other pair. They are then conner-ted either by a double crank, or by a roel and pinion, or any 
other way, so that when one pair is set in motion by the principal mover of the machine, ~Il~_'l.t
ever it may be, water, or horse, or any other power, the other pair will also move: and they 
are, moreover, so arranged, whether in a direct position over one another or obliquely placed, 
that whatever passes through the upper or coarser pall', shall pass also through the finer or 
lower pair. 

Now tIle teeth of the coarse pair of rollers are so constructed, that the thin press cake, 
being brought gradually into a hopper surmounting those rollers, is immediately dravm through 
them, and broken into irregular fragments, or heads; whIch fragments, again passing through 
the lower or finer rollers, are finallY and at once reduced into the most perfect grains of 
every different size required; which are separated in one operation, by falling from the 
lower pair of rollers, upon a series of wire sieves, calculated according to the different 
sorts required. These sieves being of a sufficient length, from four to six feet, are placed 
obliquely, and kept in motion by the con~on mover, so that the different grains pass from top 
to bottom of these sieves in the act of separation, which, at the same time, cleanses the 
powder from the dust. 

NOl'I these different sorts of powder and their dust, having thus been separated and carried 
to the bottom of the sieves by their motion and obliquity, are, from each respective sieve, 
delivered into a flat funnel, which disposes of each sort upon a horizontal endless band of 
canvas, or other material, running from the foot of the Granulating Hachine, in a flat tnUlk 
through the traverse wall into the bin above mentioned, as being provided in one of the 
adjoining rooms for receiving the powder when granulated: there being as many bands and as 
many compartments in the bin, as sorts of powder, including the dust, and these bands being 
kept in constant motion by the first mover, so as to carry off every grain of pO'r,der and dust 
as fast as it is formed, and thereby prevent any accl~ulation about the machine, in the act of 
granulation. 

It remains now only to describe how the machine is fed with the cake, that also being done 
by a mechanical process, to prevent the necessity of any person being near when actually at 
work. 

,{,hls is, in fact, performed by nearly the same operation as that by which the pO'.vder is 
carried off after it is grained: that is to say, by bands of canvas, or any other suitable 
material, passing from the hopper in the outer room, through the traverse wall, into the hopper 
over the upper set of granulating rollers, in the middle room; these bands, however, are 
stronger, more tightly strained, and have straps of leather, or cords, or small rods, sel'ied 
flat, or otherwise secured, upon them, every nine or ten inches, to raise the calee out of the 
hoppers, the bacle of which being placed at an angle of forty-five degrees of inclination, and 
the balld moving up that back, the cake, although thrown indiscriminately into the hopper, lis, 
nevertheless, drawn out of it in single pieces, lying flat upon the band, any surplus not 
actually raised and supported by the cross staps on the band, falling or sliding back from the 
great inclination at which the strap moves in its progress up the back of the hopper. Having 
surmounted this, however, with its due load, namely, covered with a single layer of cake, the 
band takes a horizontal course through the traverse wall, until it reaches the edge of the 
hopper of the g:'anulating machine, and there discharges its load in regular quantities betlveen 
the upper set of rollers for granulation, as already specified. 

It is almost needless to say, that these feeding bands are also kept in a constant 
uniform action by the common moving power: and, I believe, the only remaining de t a ll of the 
machinery necessary to be described, is the form of the teeth of the rollers:- they are of 
various sorts, elther grooved horizontally, so as to bring tl18' teeth to sharp edges, or In 
spiral grooves, and ei ther crosscut, or not, into rin~s, l eaving void spaces be tHeen them, 
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equal in bre;:tcltll to tlle rings of tile Leetll themselves, and so arran f~ed on the reclpl'ocrtl 
rollers. that tlle rings of the teeth on one roller shall worle in the void spaces of the other, 
and vice versa, but no part of the rollers or teeth actually touching in any case; thus 
arranged, the teeth never clog. Here also it must be stated, that the teeth of the large 
rollers in the Press House, for breaking down the preparing the mill cake, are formed on 
sImHar principles to those of the granulating rollers, only coarser In proporUon, as the 
mill cake Is thiclcer than the press cake. 

The advantages of this GranulatIng Machine are numerous: in the first place, the whole 
operatIon being as above described, performed by mechanical means requires no person to be 
present in el ther of the rooms except at the moment of the discharging the powder from the bin 
and of replacin g the cake in the hopper, which is performed at the S~le time, during which the 
machine is stopped: and, moreover, as no accumulation can take place in any part, it follows, 
that tl'.ere is no personal danger to anyone, nei the I' can any serious mischief happen to the 
machine itself, with the traverse walls, if the quantity of cake put in at each charge be 
limited, as above stated, to a barrel at a time; the small quantity which can ever exist in 
the prIncIpal room protects the machine itself, whIle the adjoining buildings being of a 
slight and temporary nature, an eXplosion with the quantity limited \~ould be of li ttle con
sO'luence, no persons .being, as be fore stated, required in the buildings vlhen the \'-Iork Is going 
on. 

The next great advantage of this machine is the extraordinary quantity of I-Iork Of which 
it is capable with a very moderate power. From the very nature of the machine worKing so 
much by mechanical means, it is evident that very few persons are required to attend it. 
And when it is stated that a machine Of the dimensions above stated has been found capable of 
making upwards of six barrels of powder in an hour, the saving of labour and power, and its 
consequent economy, must be self-evident to all persons at all conversant with the present 
mode. 

But the economy does not rest here; the proportion of dust to grain made in thi s machine 
is not adove one twentieth, whereas, in the common mode, it is full one-half; so that 
independent of the quantity of material absolutely lost in the old mode in dust, such is the 
great proportion of dust to grain produced, that, on an average, every barrel of powder 
manufactured may be said to be pressed twice, and a cDnsiderable portion of it to be twice 
worked under the runners: whereas, it is evident, that the small quantity of dust produced 
in the machine is hardly worthy of a consideration as to re-pressing, and leaves none to be 
re-worked under the runner. 

But there are other advantages not to be passed over; in the first place, the grain is 
more uniform and more dense from being made out of the thin cake : in the next place, from the · 
same cause, it con~ains more smooth and less broken surface, and is, therefore, on both these 
accounts, less liable to wear into dust; in addition to which, the grain must be cleaner and 
more free from foreign matter, a considerable quantity of which is collected by friction from 
the soft substances of the parchment sieves, &c. as well as gathered .up with the dust; all Of 
which is evidently avoided by the construction, materials, and mode of operation of this 
machine. 

It remains now only to be stated, that as the preservation Of the Gunpowder from the 
moisture of the atmosphere, is as important to its strength as the due mixture and incor
poration of its ingredients, or any other process attaching to it, my system is to inclose it 
in wooden barrels, lined with thin metallic linings, eit11er of copper, lead, or pewter, or 
any other sufficient substance, so as to form one entire barrel, of the exterior and lining, 
perfectly air and water tight, having an aperture at one end so contracted, that the inclosure 
may. be made perfect by a luting of bees-wax and tallOW, or a mixtur~ of rezin and tallo"I, or 
any other sufficient luting; this ap9rture and luting being further secured by a false [lead 
to the vlooden barrel, the interior of which is completely supported and protect-eel by tl1e 
exterior from being bruised or otherwise injured: and this mode l'Iill be found to b3 much less 
expensive t11an any system of barrel made "Iholly of metal, without an exterior of vlOod, can be, 

· on account of the difference of the quantity and nature of the metallic substances required: 
whllethe slight llning, as a preservative, is equallY as efflctent as the most expens ive 
rnetalilc case alone. For the greater stowage, in particular sttuations, I have substituted 
rectangular cases, lined with different metallic materials, on the sa.me principles as the 
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APPENDIX III 

ON THE MANUFACTURE AND CONSTITUENT PARTS OF GUNPOWDER 

A paper read before the Askesian Society in May, 1801 by Mr. R. Coleman 
of the Royal Mills, Haltham Abbey and publl.shec[ in the Philosophical 

Magazine, 1801, pp. 355-305. 

The process of manufacturing gunpoldder is so inaccurately described in every author which 
I have seen, and in many instances so extremely absurd an accoun t i~ given, that I run induced 
to hope that a true account thereof will not be unacceptable; and more particularly as I 
apprehend nothing can tend more to establishing a true theory of the combustion of gunpowder, 
than a knowledge of the ingredients it is composed of, and the manner of their combination. 

Gunpowder is made of three ingredients, saltpetre, charcoal, and brimstone. They are 
combined in the follOl'iing proportions: to each 100 parts of gunpowder, saltpetre 75, ,charcoal 
i5, and sulphur 10. 

The first thing to be attended to, it is evIdent, Is the purity of these articles; for, 
if they are de fec tl ve, the gunpowder can never be good, though ever so well manufac tured. 

The saltpetre is either that which has been imported, principally from the East Indies, 
or that which has been extracted from damaged gunpowder. It is refined by solution, filt
ration, evaporation, and crystallization; after which it is fused, taking care not to use too 
much heat, that there may not be any danger of decomposing the nitre; by thIs means it is not 
only rendered more pure, but the water of crystallization more certainly got rid of. The prin
cipal object in refining the nitre is, to get it free from the earths and salts it is combined 
wi th in its 'grough * state, and whIch by deliquescing would render the ~powder liable to 
injury by attracting moisture, and, thereby decomposing the accurate mixture of the compo-
si tlon, ' rendering it unfi t for use. 

The sulphur used is that which is imported from Sicily, and is refined by melting and 
skimming: the most impure is refined by sublimation. 

The 
manner. 
of about 

charcoal formerly used in this manufacture was made by charring wood in the usual 
This mode is called charring In pits. It consists in the wood being cut into lengths 
three feet, and then plIed on the ground, in a circular form (three, four, or five 

cords 'of wood making what is called a pit), and covered wIth straw, fern, etc., kept on by . 
-earth or sand to keep in the fire, giving it air by vent-holes as may be found necessary'. 
This mode of charring is uncertain in Its operation, and defectIve in every respect for the 
purpose of making good charcoal; and therefore no dependance could ever be placed on the 
charcoal so made. 

The method now adopted for making charcoal for gunpowder, consists in distilling (if I 
may so call it) in iron cylinders and collecting the pyro-ligneous acId, the carbon remaining 
in the cylinder or retort. The wood to be charred is first cut into lengths of about nine 
inches, and then put into the iron cylinder, which is placed horizontally. The front opening 
of the cylinder is then closely stopped: at the further end are pipes leading in to cask.s. 
The fire being made under the cylInder, the pyro-ligneous acid, attended with a large portion 
of carbonated hydrogen gas, comes over. The gas escapes, and the acid liquor is coUec ted in 
the casks. The fire is kept up till no more gas or liquor comes over, and tlw carbon remains 
in the cylinder. 

ThIs, it is eVident, is a more eligible method than the former; ffild, Indeed, the only 
proper one. The difference in the strength'of the powder made from the two sorts of charcoal 
will be more particularly mentioned hereafter. I shall here only remark, tllat the proportion 
of powder used for the seve ral pieces of ordance by the navy, etc. has been r educed one-thIrd 
in consequence of the increased strength of the composition into which th1s cyl1nder cllarcoal 
en ters. 

* This is the tenn used for the nitre as imported. 
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T11e wood, before charrIng, has the bark taken off; for whIch purpose It is felled In the 
sun~er season, when the sap is up, and It will flow clean. One reason for taking Off the bark 
Is, that it would render the powder therefrom rull of sparks; which would be of course 
injurious, and dangerous in the use.* 

The wood made use of is either alder, willOW, or (black) dog-wood; but the dist1llation 
in the cylinders making the charcoal of different woods nearly alike, it is not, I believe, 
material as to the sorts of wood made use of. 

The several ingredients being thus prepared, are ready for manufacturing. They are, 1st, 
separately ground to a fine powder: 2nd, mixed together in the proper proportions: 3rd, the 
composition is then sent to the gunpowder-mill, which consists of two stones vertically placed, 
and running on a bed-stone. On this bed-stone the composition is spread, and wetted (not with 
sal~ammoniac, urine, etc. as some authors state) but with as small a quantity of water as ' w11l, 
together with the revolut1ons and wei~lt of the runners, bring it into a proper body, but not 
into a paste. After the stone runners have made the proper number of revolutions over it, and 
it 1s in a fit state, it is taken Off. 

A powder-mill is a slight wooden building and boarded roof. Only about 40 or 50 lb. of 
composi tion is worked here at a time, as an explosion will sometimes happen from the runners 
and bed-stone coming in contact, and other causes. These mills are either worked by water or 
by horses. 

4th, The composition taken from the mills is sent tO , the corning-house to be corned or 
grained. Here it is first pressed into a hard and f1rm body, broken into small lumps, and the 

'powder then grained, by these lumps being put into sieves, in each of which is a flat circular 
piece of lignum vitae. The sieves are made of parchment-skins, having round holes punched 
through them. Several of these sieves are fixed in a frame, wh1ch by proper machinery has such 
a motion given to it, as to make the lignum vitae ' runner in each sieve go round with a quick 
velocity, breaking the lumps of powder, and forcing them through the Sieves, forming grains of 
several sizes. The grains are then separated from the dust by proper sieves and reels. 

5th, They are then hardened, and the rougher edges taken off by being run a sufficient 
length Of time in a close ' reel, having a proper circular velocIty given it. 

The powder for guns, mortars, and small arms Is generally made at one time, and always Of 
the same composition. The dIfference Is only in the sIze Of the grains, which are separated 
by the sieves of dIfferent fIneness. 

6th, The gtl..'1powder, thus corned, dusted, and reeled, (which Is called glazing, as it puts 
a small degree Of gloss on it) Is sent to the stove and dried; taking care not to raise the 
heat so as to decompose the sulphur. The heat is regulated by a thermometer placed in the 
door Of' the stoves, if dried in a gloom-stove **. 

A gunpowder stove either dries the powder by steam or by the heat from an iron gloom, the 
powder being spread on cases, placed on proper supports, round the room. 

* ThiS is clearly seen by the combustion of charcoal, with the bark on, in 
oxygen gas. 

** This species Of stove consists of a large cast-iron vessel projecting into 
one side of a room, and heated from the outsIde tlll it absolutely' glows. 
From the constructIon 1t is hardly possible that fire can be thrown from 
the gloom, as it is called; but stoves heated by steam passing through 
steam-tight tubes, Qr otherwise, ought surely to ,be preferred; for the 
most cautious man may stumble; and if he has a case of the powder in his 
hand, some of it may be thrown upon the gloom; and it is surely possible 
that in this way some of the accidental blowing up of powder mills may 
have been occasioned. 
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If gtm povlder i s injured by damp in a small degree, it may be r ecove red by re-.stoving it; 
but if the ingred i ents are decomposed, the nitre must be extracted and the gunpm"der r e
manufac tu red. 

Ther e are several methods of proving and trying the gooill1ess and strength of gunpowder. 
This It is not the object of thi s paper to describe: but I shall jus t men tion one, by whJc11 
a good idea may be formed of the puri ty of the gunpowder, and al so some conclusion as to its 
strength. 

Lay two or three small heaps (a dram or two) on separate pieces of clean writing-paper; 
fire one of them by a r ed-ho t iron wire: if the flame ascends quickly, with a good r eport, 
l eaving the paper f ree from white specks, and does not burn it into hol es; and if sparks fly 
off, sett1ng fire to the ad joining he aps, the goodness of the ingr edients and proper manufac
ture of the powder may be safely inferred: but if otherwise, it is either badly made or th e 
ingredients impure. 

OBSERVATION 

If the composition on a m~ll explodes by any accidental cause, shortly after it has been 
put on the stones, it goes off with a very slight explosive force, prinCipally in flame; but 
if it has been on an hour or tHO under the runners, and then explodes, it more or l ess des
troys the mill, throwing the boards of the covering and sides to a considerabl e dis tance . 

I shall here state a circumstance that happened, Which, although not immediatel y con
nected with the subject, may serve as a strong illustration of one branch of philosophy. On 
the explosion of the powder in a mlll which had been on about two hours, the mlll was wholly 
unroofed and the sides blown out. The doors and, windows of the mllis on the OPPo:31te side of 
the stream were forced open outwards, and the nails, etc., drawn. 

I shall now beg to submi t some ideas that occur to me from a consideration of the vlhole 
of the circumstances I have related, and from what may be deduced from an examination of the 
component parts of gunpoVider - It appears to me that no part of the explosive force consists 
in elastiC vapour, found, by the combustion from water contained in it - so small a portion 
of water is in the ingredients, and I have observed that not any is gained in the manufacturing, 
that I cannot conceive any water is carried o'ff Undecomposed, but that it is converted into 
hYdrogen and oxygen gases. I am of the opinion that the explosive force of gunpowder consists 
wholly in the several gases formed by the combustion; and that, the quicker it talces fire, 
the more gas is generated in a given time and its force consequently greater. 

It seems therefore that the combustion is carried on by the oxygen supplied from the 
nitre; that this gas 1s instantly taken UP by the sulphur and carbon; and, converting those 
substances into carbonic and sulphureous acid gases, agotic gas being at the same time liber
ated from the nitre, the water which may be in the nitre; and also tha t which is in the char
coal is decomposed: and the oxygen taken up by the carbon and sulphur, and the hydrogen set 
free. The force arising from these gases, with the increased elasticity they receive from 
the increase of temperature caused by the combustion, is surely sufficient to account for the 
effects we observe in gunpowder. 
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Al'J'END.lX IV 

"THE MANUFACTURE OF CYLINDEH CHAHCOAL IN SUSSEX." 

[·'rom Young's "Agricul ture of Sussex~ (lU08) 

The manufacture of charcoal is an object of some consequence in such a county as SUssex. 
Large quantities are annually sent to London by land-carriage. The old process in burning has 
been lately laid aside, and a new method substituted; as, after various experiments, the 
powder made upon this nelrl principle~ has, upon proof of its strength been fOW1d much superior 
to that which was made in the old way. And accordingly this ingenious mode has been suggested 
to Government, by the Bishop of Llandaff, of making the charcoal in iron cylinders, of such a 
construction, as effectually to exclude the air, and to preserve all the tar acid which is 
extrac ted from the wood in the course of burning. 

Adjoining the turnpike at North Chappel, and within five miles of PetlrlOrth, Government has 
lately purchased a small piece of land of Lord Egremont, and upon it have erected this charcoal 
manufactory. 1he cylinder room is 60 feet in length and proportionately high and wide: three 
sets of iron cylinders are placed in a very thick wall, or bed of brick-work, built nearly 
along the centre of the house; each of them contains three cylinders, each being six feet long 
and two feet diameter. To prevent every possibility of air being admitted, iron stops are 
contrived, Hi inches in l~ngth, and the size of the inner circumference of the cylinder, V1hIch 
are placed in the mouth, and are fUled and rammed down wIth sand: besides which, sand-dears 
(as they call them) are made to project obliquely over the front or opening of tIle cylinder, 

and are entirely filled with sand, and the stops covered with it. At the back part of the 
buUding are copper-pipes projecting seven feet in length, cOlmnunlcating at one extremity \'/ltl1 
the far end of the cylinder, and at the other extremity immersed .tn half-hogshead barrels. 
These pipes serve to draw off the steam or liquid, Which flows in large quan tl ties in to the 
tar barrels during the r:rocess of charring. Sea-coal fires are made under them, one to eacll 
set; and in order to convey the heat as equally as possible to all parts of the cyllnder allke, 
four flues or cavities equidistant from each other in the brick-work, spirally encircle the 
cylinders, and conduct the heat over every part. The position of the grate was at first under 
the centre cylinder. Various alterations have since been made, as it was found that this 
method did not answer so as to heat all the cylinders equally. The grate is now placed under 
the outside cylinder in each of the sets; and by the flues being $0 conveyed, it follows, 
that the fUrther cylinder is first heated, and that which is nearest the fire, last. Each set 
holds 5 Clllt of wood; so that when all three are in fUll work, the dally consumption is 15 cwt 
of wood, whIch makes 4 ewt of coal; it loses nearly . ~hree .. parts (Jut of four in c_l1arring; and 
if "all the three sets were at constant work, the annual conswnption would be nearly 550,000 cwt-
27,500 ton. 

The process of this novel and valuable operation may be thus explained: very early in 
the morning the first thing done by the workmen is to take the doors down, by a pulley 
suspended at the ceiling, remove the sand, and also to take the sand out of the stops, previous 
to being drawn out and suspended; large tin coolers are then brought up to the mouth of the 
cylinder, and the charcoal of the preceding day is then drawn with a rak.e into the cooler, and 
shut up close. As soon as the cylinders are emptied, the workers are employed in recharging 
them. For this purpose the sorts of wood are various, but withy and elder are the best: the 
cordwood is about 18 inches long, but before it is placed in tlle furnace, they cut it. into 
five lengths, and all the black knots are cut away. In the act of filling, the largest pieces 
are placed in the centre, and the smaller adjoining the rim; when it is charged, the iron stop 
is let down by the pulley, put into its place, and the sand rammed into the front; the doors 
are then hung over the mouth, and filled up with sand, and the fire'is kindled and fed till 
the wood is comple tely Cllarred, which is known by the tar ceaSing to flow through the copper 
pipes. If the fire is lighted about half six a' clock in the morning, It \-1111 talm feom tvlO 
to two hours and a half before the wood is at all heated, and the liquid begins to flovl. At 
this time the fume becomes extremely offensive, and soon after almost intolerable to any but 
the workmen. The time required is eight hours, but this depends upon the size of the wood. 
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During tllG operation, attention is paid to the pipes, which are Inspected, lest any aIr might 
be accidently ad.mi tted, which would infallibly stop the pipes from working. Tlle fires are 
kept up as strong and as bright as it is possible; though the waste of sea-coal is not consi
derable; about eight bushels to each set daily. When the wood ceases to work, and the tar to 
flow, the fire is gradually extinguished, which concludes the day's work, the fUrnaces remaining 
in the same state till the next morning, in order to give them time to cool; and when drawn, 
they are replenished in the manner before-mentioned; but are always cleaned each day, and the 
pipes once a month. 

The wood for this manufactory comes out of the neighbourhood, and is bought in at 24s. 
per stack (fell, flaw and stack), besides the carriage. Large quantities Of wood are kept in 
the yard, and stand about a year before using: the stack is here twelve feet long, three feet 
ten inches high, and three feet six inches over, and from each is extracted about 55 gallons of 
tar-liquor. This tar acid they daily draw from the barrels, but into a large tUb, and preserve 
it in hogsheads, but at present it cannot be used, because a patent is out for the monopoly of 
the sale. It is worth 6d. per gallon. The charcoal goes to Waltham and Faversham. 
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L\PPENDIX V 

TIlE MANUFACTURE OF GUNPOWDER AT WALTHAM ABnEY 

By Wlll1am fl tzgerald, "The Strand Magazine" Harch 1885 

The famous Royal Gunpowder factory, whose main gate is almost under the shadow of the 
ugly Norman Tower of Waltham Anney 1s the most extraordinary factory in the ~/orld. * 
factory is quite a misnomer applied to this lovely and picturesque domain. The establIshment 
consists of about four hundred acres of wooded land, intersected by four miles of crystal 
streams, which would fill the angler's heart with delIght. 

Passing in at the gate we beheld an avenue of stately POPlars, at the end of which the 
Union Jack floated proudly from a flagstaff. This gave rise to a train of thought from which 
we were rudely aroused by a sharp challenge from tlle inspec tor of pOlice. We were then 
requested to enter the pollce quarters, where we were plied with questions as to our business, 
and whether we possessed any matches, pipes, or steel implements. Then we turned out our 
pockets, just as Lord· Sandhurst had to do when he visited the factory for the purpose of open
ing Ute hospital. In fact, all: COIners, from the prince of \.Jales down to the humblest factory 
lad, ar!;) interrogat.ed by the pollce at tlle gate with a strict regard for duty that remInded us 
of certain anecdotes in our school books. 

Colonel Ormsby, the Superintendent, assured us tllat the way was long, and therefore it 
would be better for us to set off on our personally conducted tour at once. He was right. 
The buildings seemed to be scattered far and wide as though it ~vere the primary intention of 
tlle authorities to occupy every available square foot of land. We walked miles; lVe plunged 
into thiclc.ets, crossed irmumerable streams, and occasionally gUcled from one building to 
another in a swift electric launch, + the panting of whose screw scared the birds . and rabbits 
that abound in this extraordinary place. 

But ~ve must commence ab initic. The first place we visi ted - and we were calm and 
appreciative then, not knov/ing tlle extent of the appalling task that lay before us - was the 
saltpetre refinery. The saltpetre comes from Scinde in bags of 100 lb., anel in this state it 
contains about 5 per cent Of impurities. It is dissolved in large quantities in water heated 
to 230 degrees, and, after careful sk1~ning, the solution is pumped into coolers. The salt-
petre crystallizes in these coolers, and is then raked from the bottom in the form of viet snow, 
which is piled up, and subsequently undergoes a washing process by means of a contInuous stream 
Of water. There are four refining· coppers and seven evaporating pots tn the reflnlng romi!. · .. 
The saltpetre is ultimately sent to the mixing house iIi barrels, with a certlficate sl10v/lng 
that it contains between 3 and 6 per cent of water. The saltpetre refuse is bought by farmers 
for from 8(- to 12(- per ton. 

He next called at the sulphur refinery but found it almost impossible to breathe within 
its evil smelling precincts. As regards the worthy man we found there, he was as unconcerned 
as thou~1 he were inhaling the ozone on Brighton Pier; more, he proceeded to give us, out Of 
the fulness of his twenty-six years ' experience, a few details concerning his O\'./Il department 
in quite a graphic manner. Six hundred~veight and a half of SiCilian sulphur is shot Into the 

* 

+ 

A curIous opening. The bulk of the structure of the Abbey Is Norman work at its best, but 
the Tower, bull t in 1556/8, is not even an imitation of Norman work. 

"The ' Spark', bullt at the factory in July 1886, to the designs of the SUiJerintendent, 
Col. H. H. Noble, R. A., mainly as a means of lightlng up some of .the powder houses in the 
factory which are at a considerable distance from the dynamos used for general electric 
lighting services. The l1!jtt.1ne; and motive powers of the boat are derived from a battery 
of accumulator cells, stowed under cover amidships, and a small 1:': horsepOlver motor ~"llich 

turns the shaft to ""/hich the screw propellor is at tached. The spoed Is 5 - 6 Knots and the 
vessel is 25 ft lon~ &'1d 5 ft beam" (Hinters) 
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rc tort, and af tel' it has remained there abou t tilree hours it passes in vapour from the r e tort, 
through cold wat er J ac!ce ted pipes, into the receiving pot, where it arrives in a treacly mass. 
Our friend ladles thi s viscous matter into the casting tubs, in which it Is left for about 
eighteen hours. Next morning tllese tubs are emptied, and out of each comes two hundredweight 
of purified sulphur, which resembles a monstrous custard. 
after having been ground in the sulphur mill. 

This also goes to the mi xing room, 

There remains one other constituent of powder to be investigated namely, charcoal. Why, 
we asked, are there such extensive groves and forests of willow, dog-wood, and alder within 
the boundaries of this strangest of factories? one reason is that the wood i8 converted 
into charcoal; and another, that a dense growth of trees serves to locate the effects of a 
possible explosion. After being seasoned in stacks for 3-10 years, the wood is placed in 
cylindrical drums, and the latter are then run Into furnaces shaped to receive them, by means 
of travelling cranes. After from three to eight hours of very great heat, during which time 
the very gases from the burning wood are utilized as fuel in the furnace below, the drwns are 
withdrawn and their contents shot into air-tight iron vessels to cool for four hours. The 
charcoal Is subsequently removed to smaller coolers, where it remains another twelve hours, 
after whIch it is taken by boat to the store. Here it remains for a day or two before being 
picked 'Over by hand, ,in order to see that there are no nails or pieces O'f iron in it. The 
responsibility of this last men~ioned work may be JUdged when we state that, if the smallest 
particle of gritty matter of any sort is inadvertently passed over, it infallibly means an 
awful explosion and certain loss of life. 

The sulphur is ground so as to pass through a sieve having 36 openings to the square 
inch; the charcoal is passed through a mesh 32 to the inch. Now we are ready for the mixing 
room. Grimy men flitted through an almost tangible gloom; and in one corner an ' expert was 
weighing up the saltpetre, sulphur and charcoal in parts of 75, 10 and .15 respectively. For 
powder for big guns, however, the proportions are 79, 3 and 18. These constituents were shot 
into a revolving drum fitted with blades inside. The mixture is afterwards packed in half 
charge sacks of 60 Ib, and sent .to the Incorporating mill - the first . of the "danger buildings. " 

The incorporating mills are built in groups of six and are worked by independent 
machinery. Except for the division walls, these mills are constructed of the flimiest 
material possible, the roof being of WOOd, and the fronts of canvas, buttoned on to a slight 
iron framework; this is in order that no resistance may be offered to a possible explosion • 

. Yet the interior of anyone of the incorporating mills is not calculated to strike awe or 
terror into the heart of the viSitor. There is nothing in the place but a big circular iron 
bed, round which revolve two enormous wheels, each weighing four tons. 

, ,, Into this bed i s shot the contents of the .half-charge sack brought from the mixing' 
house. A wooden "plough" is then fixed from the centre, so as to keep the powder continually 
under the rollers, and then all is ready for starting the machinery. Even in this stage the 

/\ 
mixture is highly inflammable, and therein lies the raison dletre of the "flash-board", over 
the bed. In the event of an explosion, either through the wheels meeting with gritty par-
ticules in the mixture, or from other causes, this board would be violently thrown upwards on 
hinges, and in its descent backWards would automatically overturn tanks of water, not merely' 
on its own bed, but also on the beds 'of its working neighbours, who might otherwise be tempted 
to Join in the riot. 

Indeed, the risk is so great, that in order to start the incorporating mill, the operator 
prudently draws down the flaps of his cloth helmet, puts on his gauntlets, and retires out
side. The man is clothed in a suit of "lasting" that curious leathery material affected by 
the London apprentices In the days of Queen Elizabeth. There are no pockets In this suit, 
and the buttons are of bone; no powder adheres to this material. The men are even forbidden 
to cultivate long beards, lest perhaps these hIrsute appendages shoUld contain particules of 
grit, harmless enough in themselves but more deadly than cholera bacilli when introduced Into 
a powder mill. 

After being three and a half hours beneath the IncorporatIng rollers, the mixing becomes 
"mill cake," and Is r emoved In covered trucks to the breakIng down house. Thi s building, in 
common with most of the other danger buildings, I s lIghted at night by electric lamps, 
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iUllnersed 1n \-/ater, and placed outs Ide the windows. In the breaKing down house the mill cake 
1 s placed in a llopper. draltm up on Dl1 endless band, and crushed In to meal powder by two pai rs 
of f?;un metal rollers. Only twelve charges of 120 lb. each are allowed in this house at one 
time. 

TIle next department is the press house. Here the machine house and the lilens' retiring 
room are separated by a "traverse", a mighty mass of masonry, concrete, and earth, which is 
intended to protec t the \'IorkJnen; these lat ter are compelled to remain in the lobbies while 
the machinery is in motion. In the press house one ot the most dangerous operations takes 
place. Copper plates are fixed in a rack in a huge iron box, and about 750 Ib of meal 
powder is strewn be tween tl1em. A hydraulic ram of from 63 to 500 tons pressure is then 
brought to bear upon the pla tes for half an hour, durIng which time the men are congregated 
in the shoe-room on the other side of the traverse. It. is no exaggeration to say that there 
is an awful uncertainty about this operation. 

A bell rings when the pressure gauge reaches a certain point, and the men then return to 
the machine room and remove the "press cake." as it is now called, from the plates. The 
regulations caution the men against "undue haste" in removing the cake, and the authorities 
have thoughtfully provided deep \'Iells outside each danger building, into which men who have 
been badly burnt may plunge. No more than 900 lb. of powder may be kept in the 'press-house 
at one time. 

The press-house is the parting of the ways, so to spealc, of the various I{inds of powder, 
which are made from press-cake treated in different ways. For pebble powder the press-cake -
which, by the way, resembles thicle black slate - is cut into strips, and these strips are 
further cut into "5/8 cubes. " 
pa1r.s of graduated rollers. 

The rest of the cake Is reduced to coarse powder by three 

All sorts of fearsome notices and cautions abound in the retiring room of the press- , 
house. A rigorous line of demarcation is formed by an upright board, before passing which 
every visi tor, from the Goverruflent inspector dovmwards. is compelled to put on a pair of 
enormous boots over his ovm. This precaution is taken in order that no gritty particles may 
be introduced on to the soft leather floor of the danger bu1ldings. Having put on these 
boots, you shuffle shamefacedly round the traverse to the machine room. ~Je say shamefacedly 
advisedly, for we defy any man to walk a dozen yards in these safety-boots and yet maintain a 
semblance of dignity. 

The glazed and granulated powder (the dust from which has been removed by another process 
and sent back to the incorporating mills) is now ready for moulding into prisms for the bull t 
up charges useci in big g,uns~ " In . the mould1ng' room coarse-grained powder' is fed into the com
partments of a wheeled tray and it is then pushed under the hydraulic press, which has corres-
ponding plungers. The hexagonal prisms emerge in batches of sixty-four or i3,000 per day. 
A skilled workman weighs a speCimen from each batch in aIr and mercury, and "if the scale do 
turn (literally) but in the estimation of a hall''', the whole batch is rejected. In the dry
ing rooms, ordinary grain pOlvder is left for from one to three hours; pebble powder, however, 
takes from twenty-four to forty hours to dry and S.B.C. ("slow burning cocoa") for 110 ton 
guns, about sixty hours. 

The last mentioned pOl-/der is proved in 11 in. guns with a charge of 360 lb. and gives a 
muzzle velocity of from 2,010 ft. to 2,050 ft. per second. Finished pOl-/der of ali sorts is 
sent to the splendidly-fitted laboratory to undergo various tests; it is then proved in the 
guns at the butts attached to the establlsl~ent. Finally, large quantities of each kind are 
blended so as to give lL.'1ifonnity, and the powder is then conveyed to Purfleet and hfoolwich in 
special barges, which fly a red flag and can be sunk in f1 ve minuted. 

Altogether there are about 900 men employed in the factory, and the annual wages bill 
comes nigh unto £70,000. One thousand four hundred tons of saltpetre are stocked; 100 tons 
of sulphur; and enough wood to make 40,00() bar,~els of pOVider. The annual consumption of 
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coal ranges from 8,000 to 10,000 tons. A little hospital has been opened by Lord Sandhurst 
qulte recently. The hospital stands close to one of the myriad streams that intersect the 
vast grounds of the factory, and is intended solely for the benefit of injured workmen. By 
the way. it seems strange that, in spi te of innumerable precautions and all that science can 
do. frightrul explosions should take place - explosions as disastrous as they are inexplicable. 
Truly, these grave, quIet men, who are turning out by day and by nIght material for the 
defence Of our country, "know not the day nor the hour." 

1877/R 11/63 
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ILAP OF FACTORY AREA (NORTH SITE) AND SURROUNDINGS SHOWING VARIOUS BUILIlINGS AND AllEAS I.tENTIONED IN THE TEXT. BUIlDINGS IdAl1KED 2,10, &0 21 !RE THUS DESIGNED 

IN FARMER'S SKETCH (A) IS THE SITE OF THE EXPLOSION OF 27th MAY, 1861, AND (B) THAT OF THE LAST INCORPORATING IIILLS (SE PHOTOGRAPHS) 
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COTTAGES AT FERNHURST, SUSSEX 
(Formerly Charcoal Cylinder Hous£, 
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SCA L E OF 3' 0" TO A!V INCH 

, .... 

A DRAWING FROM FREDERICK DRAYSONS "TREATISE ON GUNPOWDER" (1830) SHOWING 
REGULATOR USED ON GUNPOWDER MILLS. 

"WHEN THE MACHINERY MOVES WITH TOO GREAT VELOCITY, THE BALLS MAR.TCED 
a EXPAND, RAISE THE LEVER b, AND CAUSE THE CLUTCH c TO CATCH ONE OF 
THE SMALL WHEELS d, WHICH TURN THE MULTIPLIER e, AND WHICH TURNING 
THE OTHER WHEELS SO AS TO RAISE THE WATER GATE f, ADMIT A LESS 
QUANTITY OF WATER ON TO THE WATER WHEEL". 
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