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Mr Wayne CoCroft 
RCHME 
24 Brooklands Avenue 
Cambridge 

Dear Mr Cocroft 

)P;<;\ 'N ~ ~ <- \ s~.., 
.~~/ .~:' .. ,..,.?/ ~~,..(;; 

;~f~~~1 
1/J Z~ I ilrt a n~ ;~~.J) ob· e ~i' 

~ 

~S§St:?: 121~\T 9: -1 "lSY 
1~~ : (Q1992) 716882 

Enclosed are the photocopies of the correspondence between the RGPF and the RCHME 
that you requested, together with the newspaper article. I hope they provjde the 
information that you require. If you need any further information please ring myself or Rosy 
Wade (who you spoke to on the phone). 

Thank-you for interest in and support of the museum. 
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, Cheshunt and Waltham Telegraph. Friday, JUly 18, 1980 • 

Jobs fear if 

g~npowde
r factory 

is zoned as 

historical site 
JOBS in Waltham Abbey 

will go it the Royal Gun­

powder Factory in the town 

is turned into a conser­

vation area, it was claimed 

last week. 

Members of Epping For­

est District Council devel­

opment committee decided 

at a meeting on Wednes­

day night to recommend 

that the former Royal 

Gunpowder Factory . be· 

made into a conserva·tion 

area. 

The site, which includes 

PERME. is to lJe vacated by 

the Ministry of . Defence in 

1981 . and members were in 

agreement that the site 

Housewife 

elects for 

jury trial 

WHEN a Cheshunt house­

wife appeared at Totten­

ham Court last Thursda y 

on a shoplifting charge. sh~ 

elected trial by jury and 

was committed to Snares­

brook Crown Court on un­

conditio,nal bail. 

Mrs. 'Joyce Eileen Snow, 

·aged 46, of Longfield Lane, 

is charged with stealing a 

make-up bag, a·n air fresh­

ener. a creme bath. a body 

spray wax polish and hair 

'-spray, worth £9.03, from 

I Boots at North Mall, Ed· 

monton, on May 22. 

should become a conser­

vation area in order to pre­

serve its history for pos-

terity. 
. 

How eve r , a Waltham 

Abbey member, Cr. Cyril 

Hewins. feared that ·em­

ployment would suffer, . 

He said: .. There are a 

lot of people employed' in 

this factory and we should 

look at the si te before 

taking a final decision. 

.. There are a number of 

good buildings on the 

site and. with the right 

jobs, could prove advan­

tageous to the IIrea. We are 

short of industrial prem­

ise3. there is a theatre. 

lecture room and canteen 

on the site, which could all 

be used." 

Cr. Hewins added: " A 

large number of jobs will 

be lost" in Waltham Abbey 

if · this site ' become's a con­

servation area." 

I 
I 

Girl remanded I 

I 

I 

A WALTHAM CROSS girl I 

who appeared at Totten- ! 

ham Court last Thursd'lY I 
accused of stea ling a car 

was further remanded until I 
October 9 on unconditional 

bail. . 

Miss Jennifer Elizabeth 

Ison. a 17-year-old cleaner, 

of Edinburgh Crescent. is 

accused of stealing a Ford 

Capri worth £850. belong­

ing to John Bull, at 

Holmesdale, W a I t h a m 

Cross, on February 23. 
I 

EMERGENCY 
SERVICES 

Chemists ·' 

open late 

'CHEMISTS operating an 

out - . of - hours duty rota 

next week- are: 

Waltham Abbey: Stephen 

ColIins, M ark e t Square, 

weekdays 6 p.m. to 6.30 

p.m: No late duty Thurs­

day, Sa turday or Sunday. 

M. F . Glennon. shopping 

precinct , Ninefields Estate, 

6 p.m. to 6.30 p .m .. on same 

weekdays as CoIlins. 

Waltham Cross: Enfield 

Hi g h way Co - operative 

Chemists Ltd.. 80, High 

Street, weekdays 6 p.m. to 

7 p.m. and Sundays 11 a,m. 

to noon. No late duty Sat­

urday. 
C h e s h u n t: Kingswood 

(Chemists) Ltd .. 49. High 

Street . . weekdays ;md Sun· 

day, 6 p.m. to 7 p.m. No 

late dllty Saturday. 

Hospital 
casualties 

accident, they should dial 

999. When minor acciden
~ 

occur, a ·doctor should b. 

called. 

Dental 
.-

servIce 
AN emergency dental rota 

has been set. up to ' cover 

Sundays and Bank Holi­

days from 10 a.m. to 4 p.m. 

The service covers t h • 

whole of Hertfordshire. 

Patients are asked .totele­

phone We I w y n Garden 

23396 for information about 

treatment They may be 

offered treatment under the 

National Health Se r vie e 

emergency rules 0 r b. 

asked to pay a private fee, 

Sunday 
trains 

BECAUSE of track main. 

tenance work taking place 

between Broxbourne and 

Harlow Town on Sunday, 

the train service between 

The opening hours of the two stations will be re­

hospital casualty depart- placed by special buses all 

ments for people who need dav. Soecial buses will 

e mer g e n c y treatme.nt a-];o replace trains between 

are:-

Broxbourne and Rye 

Chase Far m Hospital House. . 
. 

Enfield . 24 hours. seven Main line trains will be 

days a week: Herts and . repI"aced : by special buse~ 

E s s ex Hospital. Bishop's between Broxbourne· and 

Stor tford . 8 a.m. to 7 p.m'. Harlow Town or be re­

Tuesday to Friday; St. lVfar- routed and will not caIl 

garet's, Epping, 8 a.m. Sat- between Liverpool Street 

urday to 7 p.m. Monday; and Cambridge. 
. 

Princess Alexandra, Har- A sp ecial bus-traip. ser' 

low. 8 a.m, Monda y ·to · vice will operate between 

8 a.m. Saturday;) Hertford ' lti\'erpool Street ano Cam­

County, Hertford. 8 a.m. to hridge for the use of pas~ 

5 p.m. Monday to Friday. sengers for intermediaHI 

The public are reminded stations when ' trains are 

that in the case of a major re-routed. 

New nightclub opens 

THE newest night· 

club in the North 

London area opens to­

Il i g h t (Friday) at 

tham Cross. 

.l il l: J>.. 

Mother Wouldn't Like It .. 

show. He also does a guest 

pop spot · on the Thames 

T e I e vis ion programme 

.. Thames News." 

Popular Nicky will de­

clare the cl u b 0 pen 

officially by' cutting a rib­

bon over the new disco con-

,,·,'1 thf'n spin the 

U ,_ 

Because the <:. ;: 

. . :,... lov ers of vari-
~ '." 



Department of the Environment 

Room 316 Fortress House 23 Savile Row London W1 X 2H E 

Telephone 01-734 6010 ext 422 

M McLaxen Esq 
Head of Library Services 
Procurement Executive 
Ministry ,of Defence 
Propellants, Explosives and Rocket Motor 

Establishment (Waltham Abbey) Powdermill Lane 

Wal tham Abbey Essex EN9 TBP 

Dear Mr McLaxen 

Your reference 

WAC/4/028 
Our reference 

AA 43684/2 
Date 

If May 1979 

'-'7 
wA.cc J5"4-'t 

GUNPOWDER MILLS AND ROYAL GUNPOWDER FACTORY, WALTHAM ABBEY, ESSEX· t=. I '{ 

, 

. / 
1. Hr W8J.ker,our Inspector of ancient monuments, replied on ,15 June 1978 to your 

letter of'16 ~ -1978."1 You had -asked , us for details of the Department's proposals 

for ' .futUre ~ actioninvolvingtbe Propellants, Explosives and Rocke~~:~tor Establishment 

a.t Waltham ' Abbey. Mr Walker explained that theinfomationyou ~ would -,be 

useful to us in working out our proposals, and that we would keep in close touch 

"vi th . yOu. ' -' ,I am sorry that we have not been' able' to. , wri t Oe to you ,8ga.in before this • 

. C). ~~ ·~ · .~- : ·.:r, . . 

2. Hr Walkerrill, .. J ••• _ll111._. reported as follows:-

' -,~ ''MX Coad):napector of ancient monuments. and I ,Visited PERME (Propellants, 

' Explosives and Rocket Motor Establishment) on 3 April 1978.. We were shown 

- anumber of historic buildings ' and other features. by Mr M McLa.ren, . HeM. of 

Library Services. 

;.) The ,site now occupied -by PERME ' has probably the longest '. , continuous ' association 

,, 'with ' explosivesin the country. Saltpetre and sulphur were supplied certainly 

from 1561, and much earlier powder mills veIYProbably existed. In 1787 the 

, Walton family sold their mills to the Government for £10,000. The Royal 

Gunpowder Factory was thus established. Just after WorLd W~ II the Factory 

was taken over by the Explosive Research and Development Establishment, 

. which -became PERME in 1977. .' The full historic significance of the site is 

, , given in "The Explosives Research and De-velopment Establishment: " Its Historical 

Background" by M McLaxen , (JNS Vol 1, No 2). 
, ' 

Surviving histori~ remains are extensive, and significant both intrinsically 

and as part ef a valuable complex illustrating a number ef manufacturing 

precesses, spanriing well over a century. The area concerned is very large: ~he 

marked maps show the two. distinct Sites, ,the North Site seme 1t miles C£ 2.4 km) 

frem nerth to seuth and almost t mile C£ 850 m) at its maximum from east. to 

, west; and the Seuth Site, £ 1 mile (£ 1.6 km) fremnorth to. south and 1000 yards 

" (£ 910 m) frem east to west. The larger map, showing beth Sites together, 

gives a mere detailed picture of the structures I s..urreundings. 

On the smaller maps are marked a number of features (with numbers referring to 

the accompanying photographs) examined en our visit. All, with the exceptio,n 

of the new library complex, the main gate and the police ledge, are well 

worthy ef scheduling (see ~tr McLaren's histerical notes). 



... .. ... 

, " ... ,_ .. , 

, Wal ton House t the 1789 office block), and the gunpowder mixing house and . 

saltpetre/sulphur mill (both certainly pre-1821 and(p,ossibly pre-1.783) are 

, " important: structures. ,The group ,of gunpowder incorporating mills, with their 

r;-. conversions following the , introdUction of guncotton cordi t~, is unique. 

9 Powdermill Lane (the ~fficers', q~t'ers) is 'already a.listedbui;LcliDg~ ' but 

should perhaps be scheduled too if other structures on the site are put forward 

for scheduling. ' . 

'& McLaren. suggested that ,the powder boat could perhaps go to the, existing 

-, site museum • . It and the explosive ' truck are clearly not suitable candidates 

for scheduling. Four more powder boats are apparently lying derelict in 

various cuts. 

, ',', Of , particular interest on , Lower .Island, which connects the North Site ' to 

the South Site, are the , impressive traverses and magasine along Lower Island 

Way:. (photographs 40-48 inclusive: marked on large map but not on small 

ones);an~ the nitroglycerine plant water tower of 1891 on the South Site 

(photo 39). 

, Of exceptional importance is a group of welL-preserved and inter-related 

structures on the North Site: as Mr McLaren has pointed out, the gunpowder 

press house (probably £ 187~), the traverse (probably pre-1810), and the pump 

house with its water wheel and surviving machinery are probably the o~y 

extant example in the country (photos 1-8 inclusive)." 

3. ' We consi.<ler that ~he. natio~~ significanq2.L of thi~ group ie the press house/ 

trar.erse-)/PUlllp. house ~n ~dustr:ral archaeolo~ te
nns ~s demonstrably very 

great.. As well as being an important industrial archaeological site this establishment 

has an added significance insofar as it complements the TIepartment's other preservation 

projects with naval, military and related material. There were other powder mills 

of which something survives. 'Faversham (Chart Mills) is the best known example 

but there is another site at Ullswater in Cumbria with surviving features. 

4. We understand that the present Director of PERME has gt'roJ1g historicial interests. 

We are also told that in a very short time, a confirmed Ministry of Defence 

policy of financial cutbacks will mean that the Establishment will lose the entire 

North Site. The present laboratories, for example (formerly the group of gunpowder 

2 



tncorporating mills) will ' be lost. This move to the South Site will probably 

take place in 1981. ' VIe' feel that now is the time to consider a conce:oted 

policy of scheduling under the Ancient Monuments Acts to safeguard the many 

historic buildings which will be abandoned. Our Inspectorate of ancient monuments 

will be putting forward recommendations for scheduling in accordance with the 

views expressed above, and our Schedul~ Section will be writing to you with 

full details of our proposals and maps showing the areas to be scheduled in due 

courSe. :- '_,..1' 

5. ' Our InSpectorate would like to examine a number of other structures, 

particularly" on·' the ' North 'Site which they were unable to se,e, for rea$ons of 

time on 'their, :tfrst ,' visit. ' On his next' visit our InspeQtor would be accompanied 

by Mr PhilliplJ,"our Architect, and Mr Swift, my Principal Officer in Ancient 

Monuments Secretariat. We will write to you again when a date and time is proposed. 

," 6~ 'fu general we would like to express the Department I 8 close concern for the 

, future, of , the hisdioric structures at PEBME, 'Waltham Abbey, .lie would be grateful 

"' if you "woUld: confirm the position about the future of the North Site. We 

, und~r~~d that the;r~ , is " a possibility ~that the NQrth ,Site, could, be passed " ::: , 

:; Jn~~, . ~.~e ' c~~".o~ ' tIi~' :~ei' Vall~y,,)iegi~':P~A't~~~tYt ,)d,~ whoIl! ,th~ ~P~~At 

.i,,-:~,:.:J!lo71?een :~~p~,9,,!~j.i 1;>q~h , fpr :,-a.,n~~,:r, " C?,~ ~.,oonce~!"t;he. ~di~~ L i ~; ; ;::;1 0l!-~ 

" ~.~ff,c,h:ed~f:,4~_~e~~ ~t, ;~S:lt~, :1l>bey; ~tself~,. Wfl. "woul,d ,be ~~ ;it,;y:qu _co~~ ;::, ,-, 

').e!rUB ~ ,hav~ ':details.,o,.f .,the PQssJ.bl~ :r;ole of the Regional Parks Authori~, ' i.t:_" you 

~~~'<~~'e·a.t ~~p.:h~~.s~~,:~'o }~.i~&~,s)~s~ ;;ma~te.rslii th ,the' ,:Depa.r~e~t" : ":,-'~ " ,, t ~i ~: . 

~ 

. 

~ 7. F" ~ ~tn,~~~~~>;~~..R9~~z;-t "mW:l~~~s 
,~ul4l_like to see a ~l and ~etailed 

survey Ca!XJ.~d out o~811 the hlstor~c structures at PERME. It J.S poss~ble 

t~~,; :th;i:,~f~~f!,(.~~ (;~,~;i~.c; ;p~~-, ~bY:Q~}~~Yio~ Mon~~p:~ }ie~~
rd. ' - : . ~,,::~ ; ,:,;',' ,E, 

• .. ~.. 1 . ';. ~l 1 " ,...... - ;... ""-. -; .:, .., ' . ... : . ;: .\ ..!.. : (~ ' . : ".:; . "'.~ ~ • ~: r t:~ :.:: .. . '" . ~'.:'! :. 

YO¥~(i~~:~~ff~s~. ' ~ '~:;,::: \~_;~:~~~;:. ",,~';"~:: ~ ~:;, :i ' ;:. . > <- , ~ "" ': '.:. :~_ ,,; , , ', ' :: ;;c :<, 

"c :}r-A~fj·q~(, · ' . ,: ,: ;':, ', > f~;; ':, ~ : ' ,' ; , 

An CLent )ionumexl"t;s' ; :Seq'r~t~iat , '; ,_ ,'- ' . ' ,', .. .- ' 
• ' - '~.: "'~>:' :.: . _ _ , t . ', , ~ -•. , ~ , . ;'; __ . ., •• _ .... . .. ,. 

.1 ! 

'-.' -' . ~~ ': . " : 

~! ~. .~:' .: "! ." ~ 

. . ' . . :.~. " .. ' . 
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Department of the Environment 
~ .. . ". 

Room 316 Fortress House 23 Savile Row London W1 ~t'_~J I , 

Telephone 01-734 6010 ext 420 
1 3 -:- - ,- " -~; 

M McLaren Esq 
Head of Library Services 
Propellants Explosives and Rocket Motor 

Establishment (Waltham Abbey) 
Powermill Lane 
WALTHAM ABBEY 
Essex EN9 1BP 

Dear Mr McLaren 

RE: PHOTOGRAPHS OF THE P.E .R.M SITE, vTALTHAM ABBEY 

Your refe~~ __ -

WAC/4/028 
Our reference 

AA 43684/2 
Date 

11 September 1979 

I refer to our telephone conversation of 27 August. The photographs referred to in 
Hr Thom~son's letter of 4 May are as follows: 

No 1 Gunpowder Press House: Traverse, Pump House and Water Wheel. 

No 2 Gunpowder Press House: Water Wheel. 

No 3 ~ Gunpowder Press House: Water Wheel. 

No 4 Guiipowder Press House: Water Wheel. 

No 5 Gunpowder Press House: Pump House Machinery. 

No 6 Gunpowder Press House: Pump House 1<Iachinery. 

No 7 Gunpowder Press House: Pump House Machinery. 

No 8 Gunpowder Press House: Hydraulic Press. 

No 39 Nytroglycerine Plant Water Tower. Built 1891 and not used since 
explosion of 1894. 

No 40 Lower Island Traverses. 

No 41 Lower Island Traverse. 

No 42 Lower Island Traverse. 

No 43 Lower Island Traverses. 

No 44 Lower Island Traverse. 

No 45 Lower Island Traverse showing tree growing on top. 

No 46 Lower Island Magazine and Traverse. 

No 47 Lower Island Magazine. 

No 48 LOvler Island Magazine. 

Yours sincerely 

R PORTER 

, 
/ 

/ 
/ 
! 

\ 

/ 
/ 

f 
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~ererence." , ............. ,.,., ..... , .. _ .. , ................ . 

ANCIENT MONUMENTS INSPECTORATE VISIT TO PERME (WA), THURSDAY 27 SEPTEMBER 1979 

Visitors: Mr P Walker - Inspector 
- Principal Officer, Secretariat 
- Architect 

Mr A F W SUlift 
Mr R G Phillips 
Miss N Smith - Research Assistant, Inspectorate 

PERME (WA): Mr R Fisher (part-time) 
'Mr M McLaren 

The purpose of the visit was to see structures, particularly on the North Site, 
which were not seen during the 'earlier visit on 3 April 1978 by Mr Walker when 
he was accompanied by Mr J Coad, Inspector. 

An account of the 1978 visit, together Ulith the Secretariat's proposals, is at 
E19 of this file. Further proposals Ulere to be based on the results of this 
later visit. 

The visit began with a short meeting in the Library Services Committee Room 
during which Mr Fisher stated that the evacuation of the North Site by PERME 
was scheduled for the end of 1982 at about the same time as the completion of 
that section of the M25 motorway which would affect the Establishment. 

Original plans of most of the structures in which interest was being shown 
were made available for inspection . 

These included: 

The Grand Magazine Bldg No 1 (old series) 

Gunpowder Press House Bldgs 103 and 104 (old series) 

Gunpo\llder Incorporating Mills 

Group C Bldg U57 
D Bldg L153 . 

Group E Bldg U49 

Group F Bldg U45 

Group G Bldg U48 

9 PO\lldermill Lane Bldg A269 

Walton House Bldg A200 

Lock Drlllg D53 

Footbridge Drwg 51 

Covered Boat Drwg t1343A 

Site visits lIIere then made to see the Grand Magazine, nOIll outside our northernmost 
boundary fence; the gunpoUlder press house comRlex consisting of Ulater-Ulheel, pump 
house and equipment, traverse, press house foundations and the gunpoUlder press; 
the boat lock; the converted steam- poUlered gunpolllder incorporating mills; the 
Main Laboratory; Walton House; the former gunpoUlder mixing house and saltpetre/ 
sulphur mill, noUl converted into the extensions to the nelll Library and Lecture 
Theatre; 9 POUldermill Lane, IIIhich is already a "listed"building; and the 
traverses alongside LOUler Island Way, the more southerly of Ulhich Ulill be 
demolished Ulhen the M25 motorlllay is built . 



/ 

Reference._ .................... _ ............... ~ ._._ .. 

Mr Walker expressed the view that he would like to have scheduling action taken 
on all the structures as they provided a progression of processes involved in 
the manufacture of gunpowder. 

Mr Swift said that funds would have to be found to carry out a detailed survey 
of the sites involved and that to prevent an overload in FY 80/81 he would like 
to see this work started in FY 79/80. Mr Swift also proposed a joint meeting 
of Inspectorate and the Lee Valley Regional Park Authority, who had expressed 
an interest in the northern half of the North Site, with the .~Defence Land 
Agent. Mr Swift agreed to send copies of relevant correspondence to PERME (WA). 

Mr Swift further proposed that surveyors from the Inspectorate and PSA at 
Croydon should visit the : site in order to prepare estimates. 

Mr Phillips made a request for two copies each of the relevant drawings to 
assist in the preparation of estimates and to form a permanent record and to 
have a copy of that part of the South Site map which indicated how the M25 
motorway would affect existing structures. 

After discussion Mr Walker and Mr Swift agreed that the First World War would be 
a convenient cut-off point for their present interest and that the Royal 
Gunpowder Factory map of 1917 updated to 1923 would be a relevant document from 
'which to work. 

M McLaren 
Head of library Services 
15 October 1979 

Copies to: PS/WA 
Secretary 

. D/Supt Eng 
SAD 
Hd MS 
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D E Harshall Esq 
DefenCe Land Agent 

(London Region) 
Froperty Services fi£ency 
st George to House 
195 Waterloo Road 
LONDON SE1 S:;:u 

Dear Hr Harshall 

LON/933/4 

AA 43684/2 

'1, October 1979 

1. As you knml our representatives visited fERME at Haltham Abbey on 27 Septemoer. 

2. In the light of this visit our Inspectorate of ancient r.Jouu:!lents uill be rutting 
:lonlard for .cheduling under the imciellt I,1onuments Acts tlw follmving items vrhich 
they considered. to be particularly outstanding: 

1. . Guij,p01o]der press house on north si&"e. with 

2. fump house with water viheel and survivinG 
machineT'J, a..'1d 

3. LTaverse between 1 and 2 

4. GUl1po"lder mixing house - A201 on illRl.fC jn an 

5. Saltpetre/sulphur mill - A202 on FERl!}E plan 

6. Walton House - A2~ on fERME plan 

7. Gunpowder incorporating mills forming present 
north siue Laboratories - L145, L148, L149, L153, 
and L 157 on FERIIE plan 

8. 9 Rnvdermill La..~e (already a listed building) 

9. Bri~e of 1832 

10 . BarCe lock to E of l'empcrature Recordim.; TOrTer 

11 • Grand m~zine 

12. ITortherly of 2 surviving traverses on LO~1'er Isl;:md. 

~3. Possibly the following structures on the south sile : 
guncott'on builcli!l';. (GLj.18), machine shop (former p0Her house) 
to its i';rest, and. store to its cnst. 

3. Our Schedulip.£ Section "'ill be l:ri tine; to :rou formally in dUG course ,.;i t h pl2.11:; 
ShOi'li1lC the areas proposed for scheduling . It \-TOuld oc at tha t sta.se that \.;e Houl t. 
see!.: your observations upon the schecLlllinc: propos2.1s :x f ore t he y ;:;'.re put to the 
i~~:.c i cl1t ;lonumcn.t s :S02.I'c'. for E!lz;l<lncl for their recomrnencla:t ion 0:1) shcec:.tiling. 

' , . . .. ~c~~.() d.ulir:( .. i ;.: c:::~c cr~ti :::.ll,:l- 2; l c~· .' .: .... J. C:C "II-l C': \"Tl"lcrc ",) ... - t11c ~ .. cl:('":r ~ ::v~ llt r-c coL>li ~: cr: -G~:\­
~:.?,t iol18.1 i:n,ort::'.21:~ ::: of a :::c nur.~s ~'t for l)rc :::; c: r'.T2.tion. ~r;l() effe ct if'; t hD-t no Hor:: ~!C.·.· 

be cf.w'rieci out to t :~c mOll'J';.'lGl:.t;x;for(; t h:; ,):.:pir;l of tl:rcc ;'lOutlcs t notice ill ::ri t L _ 
to this TCP2:rt;'~C:1t . ~~·le ::inL;tr] of J:'C.::'C l:'GG HauL'. 'le f::'C: i~ f ro:;] tlw l s,>~~l o ~;li. ~:t i c;, · 

of' s chc(:'ulin;~ 1] .. ',- 'vi rt :"'l f~ of CrO~';~l c:.:c;:-:i ,tion ~)ut 1111t":_.J r ~ ... n ~~:..:·rc~ :2 ;nc:llt .H)·~~"(: C::·i . . \,,".", : .. :1 :,_ 

t ~: i s rc ~")=:. rt ~:1G!lt :-:: :~~ .. :!,"·ltl i :l ~~':Ol;lC C~.:~. rcy:.:l (: r~ till ~;: ::'.:-; I'VCt:. 1.::' )01: . . .:.~: ... ' I 1 .:,,~ ~~, ,- - T-)l'2. 
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Director 
Lee Valley Re[ional 

;.uthori t y 
!',yc:cleton House 
Bul~ s Cross 
LNY(..:.;W · 

Lidrlx 

De3.r Sir 

, . 
!( 

422 

Park 

~ \ October 1979 

1. As you may know the Department has a considerable in terest in the field of 

inl.)u.strial archaeolobJ and our role is described in more l~ etail in the €J)closed 

note "Incustrial Archaeolo [::~y '. f.;nr land) ". 

2. 0'.11' attention has recently been d.rawn to the a~)Q ', e Sl"[e "'ihich iE: 0',: n er' b j the 

kini st ry of Defence arE:! forms part of the l:'ropellant!p, :~ ): .:;lo .si ves 2.D': l~oc! : E::t Lotor 

:'::sta:,lishlllent at PO\,cer hill, I.'altham Abbey. . 

3. The site now occuri~d by PBl~HE. has probably the lOll<.est contin;; ou.s a ssociation 

\\1i th eXJlosi yes in the c:o'_!n trv . ~':;al t Detre cm(~ E:ul "D~1L:r v;e1'e G~ l ;:Jpli e,; eel·t &i nl \. from 

1561 an6 mu.ch earlier pO'N c: er ~ill ::; ve~y r- robCl.bly eri st. N~ • . The' fuUhi st0~'ic ~;j.r·:nifi­

<":: 2.nce of 1.:1e s ite i s civen in "'I'he ~..::x plosi Yes· Re ::' ea.r ch am' Develo[;ll!er. t ,;stablishment: 

1. t3 Hi ~'3~o rical Bac ~\:t : coctr:d!! b y 1'j Hr;Laren , . . IN:.; Vol. 1, i"'10 2; . . 

4. Our Fepresentati '!es have recently vi.si tee :t'.:.lH-il'J an ~~ \,' e::e impresse rl -,;i i t.h the 

exten.:-:i'Je c,urvivinr; hist or ic remair:G, kllich are s ignifi cant bo t h intrin:Jically and 

a s part. of a valuable complex illustratinb a rmDloer of r.larm f ac'.:.urinc i)rocc.::.~.: e<-;, 

2:.;,annin;: ~:ell over a cent'.l.ry. 

5. Of )a:,ti cular intere.s '~ uere tw o ,';:!llall s i -:: e ::::. in tr"e l~orth of LOD ' f; ~l'o"e:"l- !' vi;c 

t11 e Granc:: r':a;;a zine at t he ex: rerce north enCi , &ne:: a pai , of \) uilcin"s , no\' :C.liLOll S , 

comprisini!, F.lnJP house wi th i ts v:a ter\.;heel a n cl . .s~lrvi vin: rnachinery ant' ".W)o','/({er 

press h9uBe respectively , to~~ther with the traverse hJ ' ~ blast ~all' ~~ut c e~~rates 

t he two. The Depar t ment would like to s ee these prescrve( , if at all ; o?2ib l e, ,~th 

a to~en lenf th of the ca~al in front of the buildincs to sho~ ho~ t~ey ~ e~e selvee 

b ; wa t er transport. 

6. 'd e un<" erstD.r.(' t~l8.t the Lee Valley Re [;ional ' Par:~ .\uthori ty hav e alrea~l:'{ sho',"!; 

in t er est in purchasing the 9rand Magazine, which is n00 outsi~e the ~eriQeter fence 

o f the NOD's property, although this has not ye t been ta ;-;:en up. 

7. The purpose of this letter is to enclti ire \-iheth e:c YO'Jr ,\'.t tho r 2.t;:: ~:. :ce : .. ; J..1.1 

interestec: in the Grand Lag'a zine, ant' 'rl~at plar:G the l', '.l.thority ha ve for "-;tle 

structure if they owned it. 

Yours faithfully 

C J A TIIOhPSON 
Ancient Monuments Secretariat 

cc 111' l'iarshall DLA 
Hr l'kLaren-..../" 
!vir Walker 
Mr Phillips 
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HISTORICAL BUILDINGS AND ANCIm'l' ~ 

The old88 t buildinga CC\ the ai te are I 

(1) 

(11) 

(ill) 

A200 - WaltCll Roue, built .. _ of't1oe bloak 111 1789. Aa 1t wu built 
after the Crom e.oqu1red the propel toY it has notb1ll8 to do with John 
WaltOll, the last priftte omer, ezoept that h1a MJDdlal ltanda nearby. 

A201 .; an old 6UJlpo1lder .1 x1 n, hoQae. 

" A202 - en old sal tpetraf IUlpbul" Id.ll. 

A.201 'aDd A202, 1Ib1ob 11. oppoaite waltz Sous-M;' pari or the l1bzVy, 
aN DOS to ha_ beII1 buUt Wore 1821 _t lJu1 1a1np at 11mlar 
deacripticm appear ca tU 1801 u4 1783 UPI ~ they ~ dAte traa ena 
earlier tban th1.e • 

.,. the 1n&1atr1al arabeoloQ .. ~, tile _n iaportaDt bnUdinga, or what remainl 

.~ ~. are the old ~ pre .. bouae .......... , aDd puap vhouae 1d.th ita _ter / 
1Ibeel (numbGred 10, Ud. 100ft. UDder the ol4.,. ... ) wb10h l1e oppoa1te the North site 
bw1dD& ground. B'Ml 1Iba.t %"'Mina aq .u be the" aole asurri.Y1ns 8XUlple in tbi. 0 " • 

oountry. ' ,~ 0 " 

01ihe:r gunpowder pro4)8S8 bu1l-dSn" Wl the a1te hay. been .0 CCIlV'e:rted, or eYe 
so. OClllYerted, to d4toree.8e t.t.Cr iaportauoe bUtor1~, altbQ1&b u a gr<J1p at 
pnpo-'er proc ... btd 1A1nga tb-.r are um.qv.e. BzIIaplea ~ theu are the 6UJlPOWCl.er 
S.I&jlGN.t1ng aUla, buUt be ... 1860 ,aDd 1890, wb1cb later beG_e pert ~ the 
OO1'd1te tactQr;y aDd ~01r tcma tba !f Site laborator1ea L14S, L148, L~. L15' end L157. 

, 

/ ~ Pomel'S1ll Lane baabeen included 1n the Toc and Country Pl.,ming Aot 1971 lilt 
at builiJ1nga of apec1a1 arah1teotunl or hiator1o 1ntereat. 

Other item, r4 h1etor:1oal inteN.t area 

I 
.I (a) 

-i (b) 

j (0) 

J ' (d) 

John Waltan'l sundial (earlier than 1787), 

1 ts edge-ru.nner 11111 atone pedestal, 

A atone powder 11111 bed Jut wide 'the ruin antranoe, 
Road bridge 18}2 (Ubrary-canteen), / 

(e) 

(t) 
(g) 

(h) 

I (1) 

Old barge lock to the west at the Temperature Reoorders Tower, 

TraYersea (2) along Lower Island WA3, 

water tower tor NG plant ca South Site, 
A powder boat, and 

An explosives ~. 

Jan 1978 

i 
I 
j 

I 
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Research Establishments ln Europe: 4 8 

The Explosives Research and Development 

Establishment, _ Waltham Abbey 

Old gLlncG'fton and cordite processing buildings which have been converted to laboratories at Wo/thorn Abbey. 

No one knows when gunpowder manufacture began 
at Waltham Abbey. Local legends hint that supplies 
from here were used in the defeat of the Armada, 
and that one of Guy Fawkes's conspirators was an 
early customer. Circumstantially, a plausible case 
can be made for the latter but factual evidence is 
entirely lacking; indeed, not until well on into Stuart 
times can we be certain that powder manufacturing 
had been firmly established at Waltham. By then, 
"Powdermill Lane," the present approach road to our 
North Site, appeared on maps of the district. 

Before 1787, the bulk of the wartime needs of the 
forces of the Crown for gunpowder had been met 
through private enterprise, but in that · year the 
authorities decided they could no longer tolerate the 
frequent wide variability of the product, and that the 
scale of the Government's own production (at 
Faversham) should be substantially raised by the 
acquisition and extension of the largest of the indepen­
d.ent operators, namely the mills at Waltham Abbey, 
which had been in the hands of the Walton family 
for the best part of a century. A leading advocate 
of this important step was Sir WilIiam Congreve, 
Controller of the Royal Laboratory, Woolwich, who 
negotiated the purchase and was responsible for the 
subsequent expansion of facilities. His son, also 

named William, to whom the title and command of the 
Woolwich Laboratory descended, achieved lasting 
fame through his spectacular development of the 
rocket for military purposes. Under the direction, 
successively, of father and son, the performance and 
reproducibility of gunpowder markedly improved. 
In 1816, Sir William Congreve, Jr., by then a F.R.S., 
set in train an investigation (which aimed to be 
quantitative) on the coking of wood, in order to gain 
insight into the control of the charcoal ingredient. 
One would like to know more about his collaborator 
in this undertaking, lames Wright, who supervised 
the experiments and put forward many suggestions 
on his own account. Wright was transferred to 
WaItham Abbey from the Faversham factory to 
become its first Storekeeper at £150 per annum with 
£25 allowances for rent, coal and candles, a post 
which seems to have laid upon his shoulders every 
executive responsibility from that of Superintendent 
to clerical officer, very much under the eye of the 
Honourable Board of Ordnance, of course. After 
some years it seems that Wright suffered partial 
eclipse, owing to the Establishment's accounts being 
"shamefully behind." He protested, unavailingly, 
that he worked long hours, seven days a week; 
certain it is that his laboratory notes testify to meticu-
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lous care in the recording of observations. A drawing 
of the plant used in the initial stages of the work, 
which Wright called "the gasometer," is reproduced 
here and carries the comment: '.'The whole is con ­
structed with pipes that were in store and considered 
unserviceable for other purposes. They are all 4-in. 
bore." (The Board was unaccustomed to research 
expenditure.) By a quirk of fate, one of. lames 
Wright's nine children, another lames, who emigrated 
to Tennessee, was the only foreman experie nced in 
powder-making immediately available to the Confed­
erate authorities during the construction of the very 
remarkable Powder Works at Augusta, Georgia, 
during the Civil War : 

"But one man-Wright-could be found in the 
Southern States who had seen gunpowdel made by 
an incorporating mill, the only kind that can make 
it of the first quality ; he had been a workman at the 
Waltham Abbey Government Gunpowder Works 
in England.... . . 1 was much indebted to his 
knowledge and experience .... .. " 
An important service rendered time and again by 

the old factory (which by 1830 had assumed the title 
of the Royal Gunpowder Manufactory) was to send 
experts and expertise . wherever they were wanted , 
notable examples occurring during the First World 
War in the countries of the Empire and the U.S.A. 

The entry of organic nitrates into the explosives 
arena is a long and fa sc inating story indissolubly 
linked with the genius of Alfred Nobe!. Nitro­
cellulose and nitroglycerine were isolated in 1846, but 
many years passed before means were found of 
bringing them into military usage. The sensitiveness 
of nitrocotton to friction when dry, and sponta neous 

r 
! 

, . 

1 

explosion during storage caused its virtual abandon­
ment by all countries during the decade following the 
discovery, but eventually the patient p ioneer work of 

Sir Frederick Abel, F.R.s. (1827 to 1902), a former 
student of A. W. Hoffman , head of the Woolwich 
laboratory, brought the "smokel ess powders" within 
the pale of acceptable ammuniti on fillings. His large 
scale experiments were done mainly at Waltham 
Abbey. NobeJ's brilliant notion of taming the p a ir 
of dangerous nitric es ters by mutual interpenetration 
was an essential step toward s the emergence of 
cordite. The present South Site at E.R .D.E. was 
acquired in 1886 for th e erection of the first cordite 
plant in this country. 

Emergence of the Establishment 
Since the ta ke-over of the factory in 1945, a great 

deal has been done to effect its transformation to 
purposes of research and development. There was 
need of it. Roads were non-exis tent, the numerou s 
explosives processing buildings be ing connected by 
narrow gauge railways, along wh ich small truck s 
were manhandled, fitted with awnings and containing 
products in various stages of manufacture. Finished 
explosives were conveyed by barge along the network 
of streams and canals to and from magazines situated 
by the water's edge, with jetties for loading and 
unload ing. The Old River Lee provided a link with 
Woolwich Arsenal through a succession of locks; to 
travel downstream took two days, sa il being hoisted 
below Brom ley-by-Bow 

All but a few of the existinQ laboratories were 
formerly guncotton and cordite process in,g bui ldi ngs, 
mostly dating from the third and fourth quarters of 
the last century. They are not much to look at, but 
they have converted well on account of their con­
venient dimensions. Beam engines were originally 

housed in the towers, for drivi ng the paddles of 
"mixers"; by putting in a floor half-way up pleasant 
offices have been created for heads of branches. 

\ 
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The Aurhor of this article, Dr. C H. Johnson, CB.E, relinquished the Dir('({orship of ER.D.L in May, J964. 
Both he and his successor Dr. L 1. Bel/amy, are men of considerable academic distinction, the former having 01 

one lime been senior leClurer in inorganic chell1islry at Birmingham Ullil'ersit)', while the laller is a wc/l-knowlI 
authority on infrared spectroscopy- Dr. Bellamy elltered the Scient ific Civil S('rvi('e 01/ cOll7p/etion of his Ph.D . at 
LOlldoll University in J939. Among his many publications, Dr. Bel/amy's book clltitled: "The Infrared Spectra 
of Co mp/ex lvlo/ecules" (Met/wen, J 954, J 958) is slIrely the most olltstanding . it has been published in G('rman, 
Russian and Japanes(' as well as in English . 

As with Government laboratories generally, an 
extensive range and variety of sc ientific equipment is 
installed; there are good workshops, and scveral 
professional glassblowers (directed by a chemistry 
graduate) are kept busy. In recent years the scientific 
work has tended to become prcdominantly physico­
chem ical in character and, consequently, demands on 
the in strumentation and clectronics sect ions have 
outgrown their capacity. Steps are being taken to 
catch up. 

Our research activities tend to be centred on North 
Site, which is. a large park cri ss-crossed by streams 
whcre the old powder mills stood . Larger scale 
operations, pilot development and the like, are 
carried out mainly on the South Site; there processes 
are investigated and explosives composi tions of all 
types produced in quantities suRic icnt for mounting 
field trials. The two Sites are now joined by a private 
road which eliminates th e necessi ty to send explosives 
through the town. M uch of the unusual character of 
the old factory (vividly described in an article in th e 
Strand Magazine of 1898) bas been retained, notwith­
standing the radical changes. The Reading Room of 
the Librnry occupies Cl pair of C3rly 18th century 
buildings, onc or which is known to h;]ve been a 
sulphur store when the mills were owned by th e 
Walton family, relatives of fisherman lzaak. The 
woods and streams are attractive in Spring and 
Summer and birds in grcat variety find sanctuary, 
dcspite the bangs, in the neighbourhood of Fisher's 
Green . where the Sailing Club has access to a lakc. 

The area around Fisher's Green, used by the Establishment's 
Sailing Club. 

Structurc amI functions of thc Establishmcnt 
The Estab li shment is the sole Government labora­

tory responsible for rcsearch on, and development of, 
n on-nuclear military explosives of every kind, and is 
thus concerned, ;]t the very least in an advisory 
capac it y, with the rcquirements o f all three Services 
em braced by the new M ini stry of Defence. The 
Establishment's larger undert3kings usuall y require 
the particip3tion of several of the eight main divisions, 
or br3l1ches, each headcd by a Superintendent. Four 
Me concerned with explosives, and two with non­
mctallic materials; th e An31y ti c31 Services branch and 
the Chemical Engineering branch are involved right 
across the board. All told there are betwcen 70 and 
80 staff in the Scientiflc Officer grades, most of whom 
are chemists but include chemical engineers and 
physicists. There are rather more than lOO Experi­
mental OfTicers of all ranks, a sprinkling of engineers 
and a sufficiency of laboratory assistants . The total 
population is around 1000, more than balf of whom 
arc industrial workers. 

ln describing the work carried out at Waltham 
Abbey, some lack of perspectivc is inevitable since a 
good sli ce of the progr2!l1me relates to matters of 
milit:lry sign ifi ca ncc which cannot be t:lken up in this 
article. A rail' idea of the scope or our rescarches in 
pure chemist ry can be inferred from thc score or more 
papers which appcar annually in the scientific journals, 
though these are not yet fully reflccting the increased 
;]ttention being given to non-mctall ic materials. We 
have Il1Jde substanti;]1 contflbutiu ns in the realms of 
namc chemistl'y, IlwiL'cular spcctroscopy, the org;]nic 
chemistry of nltrpbodics, the synthesis and (lutely) . 
dc!!radJtion prllccsses of polymcrs, and Illuch else 
bc~ides. A series or p<Jpers on the Il1ecil:lI1ism of 
stJbilis,ltion or concentratcd hydrogen peroxide not 
only reiJtcd to the problellls of pr: lcticc but containcd 
:1 !!rC::ll <ie;d of gener:1i physico-chelllic81 intcrest. 
SO~lC (1f our purer I'(scorch is carried oDt so lcly 
to cnsure. <IS Llf as possible, th:lt the advicc we 
give t\) thc Service cicpartmcnts h<l5 :l firm b:lsis . The 
qu:tii!y or this advice I1l;]Y well determine whethcr the 
taxpa ye r 's money is to be well spc nt or wasted, unO. It 
is no less useful to advi se correctly aga1l1st substanttal 
in vestme nt in proposed Licveloplllcnts than to rcgist er 
positive achievcmcnts. I J1 thi s respect, a w<Jtching 
brief, as it were, hcld even by a sma ll team of sClenttsts 
who know what they are about, can be extremely 
effective, a thought which calls to mind nine rccent 
papers on alkyl boranes publishcd in Journal of the 
Chemical Society . 

On the applied side, the achievements of the 
Establishment range from such minor tasks as the use 
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of explosives to rerrod uce closely the shock front 
conditions of sonic booms, to major ones exemplified 
by the advances in plastic propellant during the j 950s, 
an offshoot of which was its successful use in the 
Skylark motor, designed for upper atmosphere 
research. Manufacturing processes for explosives, 
propellants and their ingredients are studied con­
tinuously, and, in collaborati on with the Royal 
Ordnance Factories, improved production plants have 
been installed . Typical examples are the manufacture 
of nitroguanidine by a new process, the development 
of equipment for continuous crystallisation of perchlo­
rates of the right grist and shape for explosives 
application, and technological improvements which 
allow nitric esters to be produced in better quality with 
less hazard. This combination of better products with 
less danger is also a main obj ective in our study of 
initiating explosives, and E.R.D.E. patents have been 
taken out for such compositions which are both safer 
to handle and more reliable in use. These are now 
operated under licence in other countries. 

The · Materials branches have, on the whole, been 
more concerned with basic than with applied problems 
but they have nevertheless made many useful contribu­
tions to projects such as the Dracone barges and the 
development of large collapsible -storage tanks for 
petrol. Some of the basic work is now beginning to 
bear fruit and we are hopeful that the high strength 
"whisker" research which was recently discussed on 
T. V. will soon find some initial applications. The 
studies of the various ways in which polymers degrade 
are already pointing to new method s of prevention , 
and are helping to guide the choice of future pro­
grammes for the synthesis of high temperature 
resistant materials. 

Research into Explosives 
Organic chemistry figures less prominently in the 

explosives field than was the case a generation ago, 
and to maintain a knowledgeable team in the condi­
tions of today requires an intelligent selection of 
research topics. Explosives undergo exceptionally 
vigorous reactions to yield very hot gases of low 
molecular weight; yet they must be possessed of 
pronounced stability until deliberately provoked, 
and it is the latter consideration which so much 
restricts the choice. At Woolwich during the 1920's 
and 30's an exhaustive exploration was made of 
organic explosives by a team of chemists recruited 
for the purpose, the youngest member of which is a 
Superintendent at E. R.D.E. Thermochemical determi­
nations went hand in hand with synthesis. The trail 
ultimately led to R.D.X . ("Research Department 
Explosive"), cyclotrimethylenetrinitramine (CH2)3-
(N.N0 2)3, carbon and r:itrogen atoms alternating 
in a six-membered ring. It was not an entirely 
original discovery, but the method of preparation 
worked out at Woolwich was the first which gave the 
prospect of extension to large scale manufacture 
without undue hazard . R.D .X. could bc described as 
the high explosive of the Second World War, as 
T.N.T. was of the First, but at the outbreak in 1939, 
the only source in existence was a small pilot facility at 

Waltham Abbey. Chemical Engineering sections 
now use the mounded buildings individually. 

It is possible to achieve slightly more favourable 
proportions of light elements than exist in the R.D .X. 
molecule (which is chemically balanced in respect to 
3CO + 3H 20 + 3N 2) and therefore rather greater 
power, but the gain will be offset-by increased handling 
risks, and, even as things stand, R.D.X. is never used 
undiluted in shell fillings . It must indeed closely 
approximate to the optimum compromise between the 
two linked qualities of explosive power and hazard. 
Nevertheless there is still plenty of scope for investi ga­
tions into the complex chemistry of nitramine com­
pounds; for example, the reactions involved in syn thesis 
of the six, and the analogous eight, membered ring, 
which should point the way to worthwhile improve­
ments in the efficiency of production of these com­
pounds. Our "organic" branch is also working on 
the non-explosive degradation of explosives in the 
solid state, and on initiating substances such as 
trinitroresorcinates, and other curious compounds. A 
characteristic of these "primary" explosives is that 
their ignition, however gently brought about, is 
invariably violent; hence their utilisation in setting off 
:::harges of "secondary" explosives. Some have 
proved to be photo-conducting, and apparatus has 
been set up at E .R.D.E. to measure this property as a 
function of light intensity with the object of obtaining 
quantitative information on their excition and 
impurity levels. Theoretical ca lculations of the 
refractive indices of azide crystals in conjunction with 
actual measurements are leading to deducti ons about 
the orbitals of the azidc ion, which might in turn help 
towards an interpretation of the course of decomposi­
tion in the different planes of a single crystal. 

Turning to another aspect of explosives work, two 
di stinct types of explosion have been recognised: 
"defiagration" and "detonation." Judged simply 
from a sight of "the rocket's red glare" or of the 
havoc wrought by severe occurrences of either type, 
the distinction might seem hardly worth making. 
It is in fact deeply fundamental, and from the investiga­
tional standpoint each calls for a distinctive experi­
mental approach . 

When a finger of cordite burns freel y in air or 
vacu urn, the flame stands off from the surface, the 
width of the gap bearing an inverse relation to the 
pressure. Radiant energy (chiefly) from the flame 
melts and vaporises the solid . surface, thus contin­
uously replenishing the combustion zone. Dependent 
on the proportions of nitroglycerine and ni trocell ulose 
in the composition, and on other circumstances, the 
surface of the burning cordite recedes at rates varying 
between about 0·3 and 3·0 cm. per second. Even at 
gun-breech pressures (3000 to 4000 atm.) the fastest 
burning cordites would scarcely reach 70 cm. per 
second. Hence, in order to make cordite deflagrate 
completely within a small fraction of a second, as it 
must do in a gun, it has to be in small pieces, presenting 
large surface areas at which burning can take place, 
such as exist, for example, in small cylinders with 
annular holes which can be manufactured by extruding 
the cordite through dies under high pressure. 
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Layer by layej· dcfiagration is thc type of com bustioll 
required in solid rockets, whatever their size, and one 
of tbe first decisions a designer has to make is the 
ma ,;-rate of burning Obs., or tons, per second) 
necessary to perform the load-carrying task specified. 
Ideally, the role of E.R.O.E. would be to provide a 
range of proved solid propellant compositions-not 
restricted to cordite-possessing as wide a spectrum 
as possible of combustion characteristics, since 
compromises between one feature and another are 
inevitable during tbe lengthy development of a 
missile: and, of course, having many other essential 
qualities as well. The mass-rate of burning is no less 
fundamental to the performance of rockets powered 
by liquid propellants, but in these the rates of injection 
of oxidant and fuel into the combustion chamber are 
regulated hydraulica lly through pumps or by gas 
pressure. 

An instrumenled laboralory rocket rig. An elaboraled version 
of the original equipment. 

The second type of explosion, that of detonation, 
occurs as has been mentioned earlier, whenever 
primary explosives such as lead azide are ignited, 
however softly, and when secondary explosives such 
as R.O.X./T.N.T. mixtures are powerfully shocked. 
Detonation is more readily engendered, i.e. by less 
intense shocks, when the charge is confined, as in a 
steel shell case, or self-confined when in bulk. Gun­
powder in shell does not detonate; the fragmentation 
is a pressure burst. Detonation bears little obvious 
resemblance to flame, propagation taking the form of 
a chemically reactive shock front, insensitive to 
ambient pressure, travelling at seemingly incredible 
speeds of up to 10,000 metres per second, several 
orders of magnitude faster than that of the mOVe:llent 
of flame on burning solid or liquid surfaces. This 
abrupt type of explosion, as distinct from longer­
duration pressure effects, is the cause of the shattering 
which accompanies detonation. 

Application to Flight 
The divisional organisation of research and develop­

ment work at c.R.D.E. is determined very largely by 
the differing applications of thesc two modes of 
combustion. or the four "explosives" branches, two 
are entirely concerned with the deJlagrating sort, the 
other two mainly with the detonating kind. Although 
solid propellant charges for rocket motors take a 
hea vy toll of the a vaila ble effort, since the guided 
weapons they propel fulfil diverse functions­
including the artillery role for the Army-a constant 
stream of problems comes our way in connexion with 
the provision of charges for ancillary purposes, 
ranging from halfpenny-size shaped discs, called 
"snifters," for altering a space vehicle's direction 
when in flight, to cartridges whereby pilots strapped 
to their seats can be ejected from planes that have got 
out of control, to st ill larger charges for starting up 
cold engines, and gas genera tors of various types. 
Any mechanism (or pcrson), in short, in need of a 
measured strong shove is liable to become a call 011 the 
propellant developer and Illanufacturer. 

Approximate upper limits of performance of solid 
rocket charges are readily calculated in regard to 
thrust generated per unit rate of propellant consump­
tion (commonly referred to, though ambiguously, as 
"specific impulse"). Until a few years ago, quoted 
values of specific impulse varied widely, according to 
the assumptions made in the calculations, and only 
fairly recently have rational standards of comparison 
been generally adopted. Unfortumtely not before the 
impression became widespread, even amongst some ' 
professionals, that the future prospects for super­
propellants were brighter than could conceivably be 
the case. The facts of the situation are that, by , 
designing to employ suHiciently large charges of 
readily available familiar propellants, some of which 
are exceedingly powerful, most terrestrial tasks likely 
to be laid upon rockets can be accomplished, and 
many extra-terrestrial ones also. It may not be widely 
recognised that the headaches in the rocket propellant 
business which affect the scientist and technologist 
almost invariably arise, not from lack of attainment 
of the desired thrust characteristics, but rather in 
respect of other requirements imposed. Examples 
are: necessary but uncooperative ingredients; hazards 
in manufacture; wide temperature range of usage; 
mechanical effects on tile charge of severe acceleration 
or of temperature gradients; ingress of traces of 
moisture, and slow chemical and physical deterioration 
signified by gas inclusions, cracking, or other "aging" 
phenomena which cause progressive alterations in 
internal and external ballistics. 

Certain modern solid propellant compOSItIOns 
which are intimate mixtures of constituents can be 
regarded as descendants of gunpOWder. Others are 
more nearly homogeneous, like cordite itself, in which 
the oxidising and reducing atom-groupings are part and 
parcel of each molecule. The variety of solid propel­
lants is a means of providing rocket engineers with 
manoeuvreability in respect of the many qualities 
which have somehow to be combined in any given 
propellant charge. It takes a long time to reach the 
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point where behaviour can be reliably predicted in 
almost any likely circumstances, and the systematic 
seeking of relevant IDformation constitutes one of 
E:R.D.E.'s essential tasks. 

An important aspect of explosives research, which 
still offers worlds to conquer, may be summed up in 
the word "sensitiveness," signifying the variation in 
susceptibility exhibited by explosives towards stimuli 
of different kinds; friction, shock, electric spark, and 
so on. Separately, nitroglycerine and dry nitrocellu­
lose are amongst the most capricious and powerful of 
known explosives, but, as mentioned earlier, penetra­
tion of the fibrous "N.C." by liquid "N.G." produces 
a tough, horny material which can only be made to 
detonate when in very large bulk nnci very powerfully 
shocked I Several modern types of propeli:lnt arc 
potelltially as devastating as the high explosive R.D.X., 
but they, too, like cordite, nre dilTicult to detonate. 
The basic problems of sensitiveness are bound up with 
tbe processes of initiation and of attainment of 
detonation velocity. An essential experimental tool is 
a very fast camera and we are fortunate in possessing 
both the "framing" and the "streak" instrument made 
by Beckman and Whitley in California, of which few 
others are to be found in this country. The former can 
take pictures at a rate of up to 1,200,000 per second , 
and its capability is illustrated in the figure, which 
displays the sequence of events at interval~ of about 
one millionth of a second, when a block of R.D.X .; 
T.N.T. is subjected to a moderate shock. In the first 
four photographs an ordinary shock wave can be seen 
ra velli ng nlong the charge. Detonation occurs 

abruptly in the fifth frame, its onset being inferred 
from the sudden increase in tbe rate of travel of the 
shock wave, and the burst of light which investigation 
has shown to be due to the emergence of the shock 
front on reaching the surface of the block from the 
interior causing the air in the vicinity to become 
luminescent. The team doing this work has also made 
good progress in another type of investigation aimed 
at measuring detonation temperatures in liquid and 
solid explosives by the simultaneous recording of the 
intensity of emission from the detonating charge at six 
selected narrow bands in the visible and near­
ultraviolet regions of the spectrum. The values of 
emissivity of the gaseous products have turned out to 
be close to unity (perhaps larger I) . By further 
refinement of these measurements the possibility may 
arise of distinguishing between alternative equations 
of state (of the prod ucts of detonntion) which theoreti­
cians . have put forward. The same branch is also 
responsible for assessing in semi-quantitative term s the 
handling hazards of all classes of explosive and for 
developing tests to that end. 

The Analytical Services Branch 
This branch does what its name suggests in applying 

a wide range of modern instruments and techniques 
in the general interest. Prnctically everything thnt 
would be expected in the way of equipment comes 
under their wing, with the exception of the eiectron 
microsco pe of which one of the Material s branches 
has continual need. Spectrometry is of course in 
frequent demand as an analytical tool, but examples 

A block of R.D.X. /T .N. T. is suhjected to a moderate shock. In the /irSI four photo~raphs, an ordinary shock wave travels along 
thi' charge. Detonalion occurs abruptly in the fifl/z frame . 



CH C M 1ST KY -A N DIN D US TRY February 20, 1965 326 

of basic research in progress are some selected studies 
of hydrogen bonding, and of the nature and strength 
of forces between molecules in the solid state and in 
solution. A radiochemical laboratory for tracer 
element applications has been set up under the 
aegis of the Analytical Services branch. The syn­
thesis and breakdown processes of "tagged" vinyl 
type polymers are being investigated. A Perk in­
Elmer N.M.R. machine (60 megacycles for proton s) 
is now in operation. Far and away the simplest and 
most useful of the new techniques of analysis intro­
duced at Waltham Abbey has been layer chromato­
graphy, which, amongst other things, has enabled 
rapid progress to be made towards unravelling the 
complex reactions undergone by stabiliser molecules 
in propellants in the performance of their stabilising 
functions. The great virtues of gas chromatography 
were brought home to us some years ago in connexion 
with the separation of boron hydrides. 

Chemical Engineering 
Our Chemical Engineering branch was set up in 

1948 to investigate processes for ultimate transfer to 
the Royal Ordnance Factories. Today the need for 
thi s is much reduced due to changed circumstances and 
the contraction of the R .O.F. organisation. Neverthe­
less, experimental propellants and explosives are 
becoming more hazardous and this raises a great 
many queries for the chemical engineers, one section 

. being wholly concerned with the study and develop­
ment of equipment and of remote control. As regards 
chemical engineering research, the emphasis so far 
has been on problems of large scale crystallisation, 
such as the control of size distribution, of nucleation 
and of growth rates, all of which have an important 
bearing on the manufacture of propellant ingredients. 

Several years ago, as part of a research programme 
on liquid rocket propellants, we took up the question 
of the absolute and relative contributions of radiation 
and convection in ca usi ng the dissipation of energy 
of the hot gaseous products of combustion to the 
motor walls. An inslrumented laboratory rocket rig 
is shown in which measurements of radiative heat flux 
are currently being made and which is a much elabora­
ted version of the original equipment. At the same 
time apparatus was designed, and afterwards gradually 
perfected, for carrying out determinations of thermal 
conductivity with great precision over a wide range of 
temperature and prcssure (up to 400°c. and 300 atm.) . 
As a result, a large amount of data of general utilit y 
has been accumulated of an accuracy certainl y 
never bettered and perhaps unattained hitherto . This 
work has sprouted in two directions; a highly practical 
one in reference to convective heat transfer to liq uids 
in the supercritical condition, as sometimes exists in 
the cooling jacket of a rocket engine, and a funda­
mental study of the behaviour of fluids in and around 
the critical state where the shape of the isotherms 
strongly suggests the simultaneous existence of two 
distinct phases. Critical phenomena seem to have 
been rather neglected in Britain, and offer some 
interesting possibilities both scientifically and techno­
logically. The apparatus is undergoing modification 
to permit measurements up to 1000 atm. 

Everyday concepts of explosives, or rockets, are 
naturally dominated by people's ideas of them as 
immensely powerful sources of energy. In point of 
fact this is only a part of the picture, and, for both 
solid propellants and high explosives, correct func­
tioning is critically dependent upon the physical and 
mechanical properties of the charge. It is essential 
for rocket charges to retain their shape in all circum­
stances, whether in storage, in transit, or subjected to 
high acceleration on launching, since the carefully 
moulded cavity in which the combustion takes place 
has been designed to give a controlled programme 
of gas evolution. Any physical distortion or break­
down would change this radically and in most cases 
cause a burst, since the penalty of weight is unaccept­
able in rocket motor design and there is little margin 
of safety in the motor tube. Again, long speJls at 
either extreme of temperature may cause permanent 
changes in physical properties to the detriment of 
reliable functioning. Therefore, in common with 
similar establishments in other countries , we maintain 
a team to work specifically on the mechanical 
behaviour of explosives. This work has a good deal 
more scientific interest than might appear at first 
sight, as some types of propellant have unique rheolo­
gical properties. It covers such aspects as fatigue and 
its temperature dependence, and the measurement of 
tensile properties under biaxial stress, both of which 
are important in determining the life cycle of large 
rocket charges. 

Apparatus used in the Materials Branch to investigate the 
suscepribility 01 polymers to auack by radicals. 

Materials Research 
Work on explosives cannot bo wholly separated 

from consideration of the non-explosive components, 
particularly of plastics, varnishes, rubbers and 
adhesives, which must in any event be tested to ensure 
they will not react to make the explosives unsafe or 
reduce their performance. For this reason alone, 
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E.R.D.E. has always maintained a small group on 
Materials work. Our two main Materials branches, 
however, have different and more generalised 
objeCtives which will now be briefly described. 

Developments in modern weapons, guided missiles, 
and supersonic aircraft make increasing demands 
on materials of construction and it will be clear from 
information released to the Press about the Concorde 
and the latest American plane, which may travel even 
faster, that materials are becoming the limiting factor 
in technical advance. Both branches at E. R.D.E. 
are primarily concerned with studies of strength and 
stability of non-metallic materials used as structural 
components. One deals largely with high polymers, 
the other with inorganic or ceramic types of com­
pound such as carbides and nitrides, of which the 
natural brittleness is offset by embedding them in the 
form of filaments or "whiskers" in a ductile matrix, 
which can be a plastic in the case of low temperature 
applications, or a metal or alloy for high temperature 
usage .. In illustration of the improvements which these 
inorganic compounds offer in polyphase systems, 
some values of specific modulus (Young's Modulus ""­
density) may be quoted. The specific modulus of 
wood, aluminium, steel, magnesium, silica, and many 
glasses, closely approximates to 4 X 106 lb. /sq. inch, 
which may be compared with figures of 15 to 25 x 106 

lb./sq. inch for boron, beryllia, and the carbide and 
nitride of silicon. These latter materials suffer much 
smaller strains under high ' stresses, and thus practical 
use can be made of their exceptional strength with 
minimal dimensional distortion. This type of work is 
a recent innovation at E.R.D.E. and while practical 
objectives and engineering requirements are kept very 
much in mind, the immediate dividends are likelv to 
be pointers to the way ahead rather than actual 
achievements, for the very good reason that a great 
deal more basic information is required. The same 
branch is beginning to interest itself in solid state 
chemistry, and is studying the kinetics and thermody­
namics involved in the epitaxial growth of crystals 
from the vapour phase. 

Research in the Materials branch concerned with 
high polymers is mainly concentrated on the mecha­
nism and means of control of degradation processes, 

whether thermal, oxidative or caused by radiation of 
various kinds (we possess a Cobalt60 source of gamma 
radiation and have access to atomic particles through 
Harwell) . One section is given over to autoxidation 
studies of model compounds and selected types of 
commercial polymers, and has turned up some 
effective antioxidants. The toluene carrier gas 
technique of Swarc is being used to investigate the 
susceptibility of polymers to attack by radicals, which 
should enable estimates of bond strengths to be made. 
The apparatus is shown in the figure opposite. With­
out doubt, radical formation is a first step in many 
natural processes of degradation. Related to this 
work is a general investigation of the connexion 
between the molecular structure of a series of well­
characterised polyethers synthesised in our laboratory 
and a variety of physical properties which bear on 
inter- and intra-molecular forces. In short, we have 
deliberately chosen the analytical and destructive 
approach to the ultimate improvement of polymer 
properties in preference to engaging in exploratory 
polymer synthesis per se. 

Conclusion 
In this article we have attempted to convey an 

impression of the attitude towards research-no less 
important than the possession of elaborate equip­
ment-at one of the smaller establishments of the 
Ministry of Aviation. It must again be emphasised 
that only research activities have been considered . 
The unique position held by E .R.D.E. in the small 
world of non-nuclear military explosives implies 
obligations to all three Defence Services, which is a 
great help when drawing up programmes of aimed 
research . 

As regards non-metallic materials, the establish­
ment's links with the Army Department are of long 
standing, and it is evident that no Government depart­
ment has greater need of new materials of construction, 
or for that matter of improved electronics materials, 
than the Ministry of Aviation. This side of our work 
shows every sign of growing further, so that the 
E. R.D.E. of the future may find itself with some­
thing like equally balanced interests in explosives and 
in materials. 
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