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Dachs I, Railvn;’ acocns turncl.

Mittolworko = Tunnel ontranco C.

Hittolwerke - Tunnol entronco D.

langonstoin

Langenstoin = Entranoe N,

langonstoin = Entrance D.

Langonstein = Conorete lining in progreas.
Langenstein = Oonorote lining in progrosas.
langenstein - Briok lining at interseotion of galleries.
langensteim - Lining of steel ribs and conoreto jock arches.
Mokrole II = Entrance

Makrels I = Entranoe

Makrele I - Protection to vontilating shaft.
Elben = Comouflaged spoil dwmp.

Dachs IV, .nhydrite quarry.

Daochs IV, Entrance to workings.

Docha IV, Anhydrito quarry

Odowerks - Rogenatein,

Odawerks = Entrance to workinga.

Denlcmal Stollen = Entrance.

Denkmal Stollen = Qutorop of Porta Sandstone
Dorlomal Stollen = Ground {loor

Dachs I - Oil Rofinery

Dachs I = Entrance

Dachs I - 011 Refinery

Hormerwerke, Funicular Railvmy.

Hommerwerks, Intorior of Footory,
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‘Und.urmg Faotorica in Gr.n.gﬂ*{.

ort C.I1.0,3. Party 536,

FPART I, FPREAMBLE .

"Tho Party ves formed by Sir Hugh Beaver, Controller Gonoral,
Ministry of Works, Tollowing o requost from the Chicfs of Staff, and
erphasis wos 1odid on the importenoo of inspcoting cortain undcrground
faotorics in the areoa about to be ocoupicd by tho Russiana."

{n. ! Corpilation,

to The partioulars of Undorground Factorics in ‘Gurnany
Information. recorded below vrero collootod by a toan whose intcreats

inolude Mining, Civil Engineoring, ifochonical Enginceoring
(a8 applicd both to Servicos and to Production and Layout)
end the Technique of Dombing Dffocts. Most of the doounents
corprised in the dossier aro' the result of collaboration
botwecn thoso olemonts and comments on cortain agpocts of
tHe whole subjoot nocoasarlly occcur in Scctions dealing
mainly vrith othor mspocts. It is desiruole, thercfore,
to indicate, at the onset, where the various categorics of
information, factual or cormntative y which it miy bo
dosired to extract from the Report can bc found,

(b) The originnl queat,

EE&; e observations made in the course of the tour aro
sorvatio corprised in Part I1I, TET.JLED DESCRIPTIONS OF F.LCTORIES,
Ategories. This is divided into twelve scctlons, A to L, each
dovoted to o Factory, though nat ell these wore visitod,
Tho hoads undor which the facts » Where avallablo, heave beo
ot cut inoludo;- '

A genersl desoription,
Contaots and rofercvnocos.
Geology and Site Invostigation
Layout,

Floor arcas and lsvuls,
Iinings and supports,
Entrancas.

Bhafts.,

Progress of Construction,

Cost, M
Wator hplpl;



(11)

Exovvations
Drilling and Dlosting,
Looding ond Transport.
Frlls of Ground,

alr Jttoaok,

Engineering Sorvioes.
Hontin{;-
Yontilntion.
Elootrioc Light and Power,
Compressod Alr,

Produstion and layout.

Cenoral A camontary of a moro general.pature is glvon in

Comentary  Part 1I, GINERAL SURVEY OF PACTORTES, and it is plnced
in the Report beforce the more dotailod mattor in Part 11T
becauso it may Bo of wider interost, Part IT deals with
the subject, not Faotory by Factory as does Paxt III, but
under tho hands of; -

Genoml,

1
2) Geology and choico of Bites,
3} Conatrustion Mothods.
L) Enzincoring Sorviocs.
5) Production and laoyout,
Typeas cf Seotion (1) Gonerel, inoludos somo historiocal ocormronts
Factery. end dividos tho Factories inspoocted into two genoral types
: = "Single=8torey” and "Multi-Storoy", all with horizonta)
approaches, Thore wons also one Fastory, roportod upon
but not inspootoed, to which tho aocoss wos by means of o
L0 metre vertical shoft; but this Factory wos a
converted salt 2ine and not constructed spooifically for
WAr pUTpOB8p.
“onatruction Under (3}, Construstion Hethods, the subjects
othods, considered are Excavation, Linings and Entrances.
Further partioulars in connsotion with the subjeot of
Zxoavation will be found in Appendix 3, TUNNELING PLANT,
Gervices, Seotion (L), Engineering Services, covers Electric
Power Supply and Lighting, Compressed Air and Heating
and Ventilation, Services such as Water Supply and
Drainace are dealt with as individual cases in Part III,
but are not generally ocoruented on in Part II.
Froduction The nonoluding Seotion (5), Production and layout,
and Lajout; of Fart IJ refars to the handicaps under which the
topioa, Germans laboured in the oquipment of thess Faotories,

in which produstion had ceased before the inspeotion
wos mads, It comments upon the type of layout
generally adopted and it offers ocbservations, from
the Production Engineer's standpoint, upon ths very
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important question of the treatment of oxposed surfaces in
under round Corrifors and Gallerics. It calls attention
to the lack of plannim which was observed in the layout
of machine tools and othcr items of equipment, as well as
to the pauoity of 1lifting facilities, mechaniocal handling
appliances, conveyor systems and means for tho disposal
of swarf., It records tlc fres usoc which was ade of
acoumilator-driven trucks, Obacrvations are offered on
the large range of production whioch, given proper
planning, can be undertaken in Underground Faotories and
comment is mefo on tho fact that part asscably only ves
in most casas aimod at.

A swmary of recommendntions made in Scction (4)
and (5) is givon at tho end of Section (5).

Before the membors of the Party set out for Germany,
thoy were osked to dovoto speoial attention te certain
specifis quostions arisini in connection with Underground
Foctorica, Inforation regerding a number of those has
duly beun recorded in Part 3, DETAILED DESCRIFTIONS OF
FACTORIES, but it was clso thought that additional 1light
could bo shed on certain of them, relating to conatruction,
if o comparison were made botween o selected Gorman
Foctory and a Britisn Factory constructed during the war,
A stotemont on this subject will be found in sppendix 2,
COMPARTSON BETWLEW A GER:AN AND A BRITIS! UNDERGROUND
FACTORY. Tho questions which werc brought up at the
briefing and whieh are referrod to therein are:-

Appendix 2, Section IV, Perlods of Construotion.
do. Soetlen V. Labour torcos,
do. Soation ¥YI. Caosts,

(o) Purthor studics,

Appendix 7 denls also with other points, not
speoifically roforred to before the tour started, namoly:-

Scotlon YII, Exposed surfaces of Corridors ond
Gollerica,
Ssotion VIII. Rosidunl Rock Arens.

Seotion VII of Appendix 2 discussce a leading
quostion, which ns alroady statod is £lluded to in
Part II, Bootion (5), Production und Layout, This is
the quostion as to whother the walls and roofs of
Corridors and Callorsce should be lined or whethor thoy
should bo left bare ond treated in somo way. The



(iv)

rienoe of the Chemical Engincer who gave advioce in
:'owm?nnuon with the troatment of the oxposed surfooces of
the British Footorios, uscd by vay of comparison, has boen
droym upon and his obsorvations aro made in Appondix 2(4A)
TiE TRETXENT OF INTERN.L ROCK SURFPACES OF CORRIDORS /MND
G/LLIPIES AT AN UNDERGROUND -PAOTCORY CONSTRUCTED IN 8AND-
STONE IN CREAT ERIT.IN DURING THE WAR., It is to de notod,
in this comnootion, that production conditions may
nocossitato lining the rock surfaces of tho galleries and
corridors of a Fastory, whothor ovor the whole or in
part, irrospeotivo of tho qualitios of the rook.

Rosidual In Section VIII, Rosidual Rock Areas, of 2,

Rock Aroas tho queation is considercd as to whothor the Gormens, in

T thoir haste, wero roady to take risks which we in this
country would not acoopt. Tha oonslusion, in so far as
the two Foctorios under comparison are conoerned, is that
the ansver must be in the nogative. Tho quostion of tho
respective merits of the layouts of tho Corridors and
Callerics in the two Pactories is not mads a subject of

comparison,

(d) The Brocd Issuss,
Ineft'ect= The most comprehenaive question put to tha Party,
ivoncss of  vhen they were briofod, was that ag to whether the
Cerman offorts made by the Germans on their Undorground Factories
cffort. proved to be worth while. No direet and complote answor

has been attemptod in the ‘muccesding Parts of this
Report, It would be easy to reply "No, because in tho
m jority of cases thoy started too lato,." That,
however, would meroly be begging the question. It was
not realised, ut the time of the briefing, how little
in tie woy of war production the Party would be able to
sce in the course of their inspection, Otherwise, the
question might have boen framed thus;=

(1) Did tho measures undertaken by the Germans
onsure to them, given time, the volume of
produotion almed at?

and (11) Were the offorts whioh they put forward out of

Proportion to the hmuﬂ.tl'llﬂ.d:thq stood
to gain?

Degres of In considering (1), account has mainly to be
Irotggting MmdthmdMMdmm
Aghieved e¥taock, 1, Winorability to Alr Atback,
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Recommsndations as to future poliocy are also given.
to which the rest of the Party

ve study. It ia, however, thought
to offer the remarks oonveyed in the two

The mumber of Factories which it was possible to
inspeot in the short time available reprssented but o
small fraotion of thoss kmown to exist, or to be in
oourse of construotion, in Germany. Of these, too,
only a osrtain proportion had ooms into produation
on any apprediable soale before the ocollapse of the
German war efforts There was, however, an aspect of
the situation which came under ths observation of the

ground oonstruotion for Pactories as a precaution
sgainat future war risks. This was the striking
paucity of supplies of raw materials, required for
production in any of these installations. It was
evident that the Paotories which were in production
were in the main depending on day-to-day supplies.

For the reasons underlying this, refersnoce should
be made to the obssrvations of other investigators, for
such oircumstances were beyond the soope of the
enquiries of this Mission. It may be that the damage
inflioted upon the snemy's transport system precluded
the carriage of wuoh materials; or it may be that
owing to the destruotion caused at the sources of supply
the materials were not available. In either event,
the Faotories appear to have been in no condition to
funotion healthily and it is apparent that the Germans,
prior to the odllapse, had little expootation of reaping
tha reward of the vast efforts which they had put forth
with & view to the exploitations of the overhead ocover
offered by their mountains and hills.

With regard to (4i), the abundanos of labour which
the Germans had at their disposal points to a
negative reply.

If the question, as originally put, were intended
to lead up to the issue as to whether an effort, suoh
as the Germans mades, would prove worth while in this
gountry in future, the Party can at this atage d no
more than offer for oonsideration a suggestion as to a |
Flan for a preliminary investigation of the whole
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ubject. Tho an sould in part comstitute a process
-.:-1" g;‘;.miﬂltiﬂn ﬁd would run on the following lines=

order of Authority Torms of
e onelted Befersnce
-1 M14tary To lay dowm canditicns

as regards oover in
various typea of rock,

11 Geclagionl To produce showirg
whiore the tions

onfld bo met and the
various roaks which
vould be enocountered.

111 Chaniond To report on moans for
the induretion of roak
surfanes,

v Industrisl & To eliminate from the

Econardo geclogioal plans arens

whioh would be ure
rd table on asoount of
remctencss or of other

considerations,
Y civil To eliminate fram the
Ergineering Industrinl & Eoonomio

plans areas unsultable
on asoount of looal
acosas or other oconm
sidsrations and to
ossosa the extent of
the acoommodation

available,
VI Machanioal To dotermine which
Enginsering classes of Industry

are suitabls for
disposal undsrground
(a) 4in 1ined gelleries
and
(b) 4n unlined
galleries
aul tably troated.

1?12 m ‘issuo narromed down in this fashion, an
answr usstion could be harmared out £
80 far ar the gbumntinm go vhich were made nnathil
tour, there would be little noed,; in this process,

to drew upon Germans experienco,
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LIST OF IR\FINGS,

Nicdor Sachsworfon. Goneral Datails,
" Ceologlioal Seotion.
" Grouping of Machine Tools,
" Production Flow,
langonstein Genoral Plan.
Makrele I, Goneral FPlan,
Malkrele II, Genernl Plan.
Elben Flan,
Oat Erad.u: Dachs IV. Genaral Plan,
U Geoological Soction,
" " Transverse Beotions.
': » Longitudinal Sections.
' " Programe of Works,
Rogenstoin, Plan,
' Plant Dotails,

Dﬂﬂiﬂiﬁl Stollen, Blrkh.n.'ni Plan and Bﬂ“iﬂmi
- " Layout of Plant,

Dachs I, and Hamrerwerke, Plans and Geological Seotions,




Tharc can be no doubt as ta the importance whish tho German
Govermment attaohgd to undorground faotories as on answor to our
air attack on their industrics, and the mombors »f this party wore
irpressed both by the magnitude of thoir consbrwofion programme and
by the wido varioty »f proocesses which woro carried out or to be
carried sut below ground, Owing to thoir hasto and to their dis-
rogard for the woll being of tholr workers little troublo was taken
over ventilation and matters of wolfare ard safety, but it 1s our
opinion that a very wide range of prooooscs can be carried oub
underground, and that oconditisns can be mado as tclerablo as those
. on the surface, Indoed thoro is no reasnn why undorground faotories
should not be oonstruoted whioh nre almost campletely self' contalnod
a8 regards power, water supply, and living acoarmodation and facilities
for recreation for the workers, during periocds of espocial danger,

Evidontly the possible need for underground protection had
besn foreseen before the war and parts of the "Mittelwerke® at
Niedersachswerfen are said to have been built in 1936, but spperently
it was not till the spring »f 1944 tha® the Oermans realised, thelr
full danger and made desperats sfforts to get their faotories below
ground beforc it was too late. Ths amount of underground excavation
which they oampleted in thas year remaining to them is most impressive
and though the high rate of progros dus to their ruthless and
vholesalo use of alave labour the repidity with whioh undsrground
planta such as Dachs I were designed inatallsd is egually
remaricatile,

In thoir haste to seoure prmtec for koy industriss the.

Germans, as Well as starting a very programe of underground
, made use of existing underground space such as caves and

mine workings, although some of these were small and others most
inosmvenient. Thus near Halberstadt (MAKRELE II) cavea previously
used for mushroom oculture with a floor area of only 9,000 square feet
were used £or the production of detall parta of Jurkers elraraft
and at Oros Bohlerstadt near Ascheraleben Junkers alroraft components
ware manufactured in old workings of a producing salt mine which
oould be reachod only through a vertical shef't 1,200 foet dsep.

Manufaoturers appeared to have received instruotions fram tha
Govormmont department conoermed to provide undorground acocemodstden
for their plant and to make their owm arrargements for the execution
of the work, whioch was genorally supervised by an Enginsor-irchitect
in private practise, At Dachs IV (q,vs)=an oil refinery oconstruoted
for the Bhel-Rhenania=Osssg~the undsrground workings were designed
%y the Doutsche Bergworias und Huttenbaugesocllsghaft m,beH, and minirg
wark was carried out by the Grossdsutschs Bohashtbau und

1805 1.
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"ietohrrese! isohart mohoH. In one camé whore the contractor made
§ -9 prugvess (elokw) the work wos tokon over by tho Tiefbaugonoasen-
schaft r,b.H gald to bo 2 branch of the Todt organisation,

amongst the now factorics visited two types could bo distinguigh-

¢d, tho singlc storcy factory with a reetangular plan of tunncls and
the rulti-storey factory such as "Harmcrworke" at Porta Wostfalica,

in which reinforcod concrote floors are built into an oxcavation of
gront height, Only two multi-atorey factories wuro seen, but na they
have curtain dofinito ndvantagos it is intercating to compare the two
t-_'ﬂ:ﬁli

Single Storey

Advantogoa
hi Immedinte rail accoms to all garts of the factory

}2 Fulleat use made of existing topogrophical oover.
3 Minimm of structural work, _
(4) Conatruction rapid as tunnolling can bo carried on

at many points sirultenoously, and part of the
faotory arun may be put into production boforo the
conatruotion of the wholc is completod,

(5) Losa vulmorablo in the case of a dircct hit as the
workings cro widcly dispoursed and tho pillars
form o protuction againgt blost.

(6) The installation of huavy machinery is much simpler
than in p multi-storey type.

Disadvantages
(1) 'fﬁ area of roof im zuch greater and honce thero 1ia
more thanoo of falla,

Ez; Whore lining is required tho cost im groater,
3) Tho 'eost of installing servioces is high owing to
thu great extont in plan.

Multl-§ taruz

advantoges
il] The layout is compact and the fulloat use is mads
of the space provided by oxcavation.
(2) The roof aroa ia camparatively small and tho danger
of folls is Ioss and is limitud to the top storay.
E}} Tha coat of wuntilation and other services is lew,
4) Materinls nnd parts can be distributod by gravity.

Disndvantages
ili This dosign oon only be used whore tho topographioal
acver is groat, and suitablo strata of groat
thiclnoss are found,
(2) 1t i' not suited to procosscs which require hoavy
plant,
(3) If & dlroct kit should penectrate to tho workings

thu b0 wide
1644 danage may 2:’”“'



Generally speaking the multi-storey type is well suited tn the
man:facture of dight detail parte nnd in fAct the twn kn-wvm exumples
praduced ball bearings and radio valves.

As Tegard the relative ease of oonatruction this will depend
on the type of rock and under suitable aonditicns multi=otorey factories
might be built rapidly and cheaply by "stoping" methods,

2.  GROLOGY AND THE CHOICE OF SITES

In apite of the urgenoy of their works much attention wns poid
to sita exploration, and that this vms Jumtified appuers from lerr
Heess's statement that at Langenstein, where as an exceptinn 1% 'na
mitted, the plan of the workings had to be dhanged after tunnelling
had started owing to falls of ground ard a high accident rate,

All the faotory sites in the Hartz area were ropnrted nn Ly &
consulting geologist (Hr, Schriel of Gottingen) and dota was nblained
by core borings and at Niedermachswerfen by genphysionl me thoda,.

Followirg such axploration considerable ingenuity wos shown in
makirg the best use of site oonditions, as for example in adapting the
laysut of the group of factories at Porta Westfalica (Dachs I,
Hammerwerke and Derkmal Btollan) to the ocosumrence of the Porta Sund-
atone (mee Fig,84) mnd in avoiding the gypsum capping at Dacha IV
and lidedsraachewerfen.

In general ths sites chosen had the following characteristica.

(1}  They were bemsath hills high enocugh to give adequato
cover agoinst air attack (mea App. No.4,

(2) Steep hillsides or uaau-ﬂnnta were chosen far the site
of entrance tumnela, avold long and vulnerable
approaches,

(3) Areas were chosdn whare such topography coincided with
the cocuwrrenoe of rocks well suited to tunnelling
operations, The ldeal rack is onc vhich is readily
excavated by Arilling and blasting, but 1ls sufficlently
strong to stand without aupport over an arched span
of 30 feot. Igneous rocks such as granita are tao
diffioult to excavate. Hedimentary rocks of sufficiont
strongth aro suitatle if they occur in maseive strata
of considerable thiolness and preferably with horizontal
beddings. Thinly boildad rooks, and zones of fracturing
and faulting should be avolded, Boft sandstonos may
stand well without support but are llable to shed sand
grains from exposed surfaccs as they orce dried by

1= : e



ventilating currents, and sevem damage to maochincs
m:;: rnuuli:f The pr::vuntinn of this state of affnirs

1g discussed in Appendix 2A.

The twelve faotories inspuoted were all sited in either
sandstones of maderate strength or in the massive beds of anhydrite
(Ca BOy) which ogour in tho Hartz area, The anhydrite was an almeost,
idesl rock for the purpose and had tho additional advantage that the
spoil fram excavation was a veluable mineral subs tance, but similar

deposita do not ooour in Great Britain,

An important factor in the deeign of single storoy factorics
is the orushing strength of the rock and the sise of pillars required
to support the roof load, and this is dealt with in appendix ¢,

Although thase geclogioal features are of the first importance
eame of aocoss to the site by reil and road and facilitles for .
sewsge Aisposal and water supply must also be teken into acoount,
At Langenatein wells for the water supply were sunk within the
faotory and where posaible this is most desirable,

Bhould at any time the consiruotion of underground faotqries
bs necessary in England a preliminary reconnaissance by the
Geclogicsl Survey should be followed by a detailed invostigation
of sites, indluding deep borings which should be ocarrisd cut under the

supexvision of an ergineering goologists

The planning of such factories calls for close co-operation
between geclogists, and civil engineers experienced in turmelling,
otherwise dargerous and costly failures mey remilt.

(3)  COETRICTION METHIDS

(IJ Exoavation

The mathods of turmelling were of 1ittle interea Exoept
for the neohanical losdsrs they wore old fashiomed sud somersily the
rate of advance per working face was mmall, In spite of this the
overall rate of construotion was high for with almost unlimited
slave labour it was possible to work a largo mumber of faces
sigul tanaously and thus to remch the maximm possibtle rate of
excavation, this being govorned by the mumber of exits fram the
workings, and the length of haul to tho mpoil s .

Drilling in every case observed, was by moans of light hand
held jackhammars usirg 1 in, dia, rwﬁdlhalﬂthmﬁwplut
E’ in cns case only were datachable bita used (Makrele I)s At
o ::;;n::;ﬁm Judging'by the drill marks, rounds of wp to 10 feet
o, m‘h‘uf:n. ) But olsevhere the advance per round was very much

1844, b



In moot cases the tunnels were drivon to full sizc, but in the
complex workings at Dachs IV pilnt tunncls and raises were driven
£irst and then chambered nut te the required dimenaions, In tho soft
sandstoncs near Holborotadt the tunnols were driven to a small mlze
and trirmed to the finiched dimonsions with pnoumatie picks, This
provented averbronk, saved oxplrnives and incrcascd safety by rumoving
rock locsencd by blasting.

Alr oompressors of many typos were usced, and ot Langenstein
thoy were installed underground, o necessnyy proopution,

In tlaating, n morc poverful explosive wes uscd in the cut than
in tho squarc=up holes. Blootrically fired delay action fuses Mere
used, Muoh use was made of mechaniocal loaders of all types, but by
far the most populnr vae the Salzgitter-Lader which is fully doscribed

in m. 5.

For haulage o great variety of locomotives were used including
stoam (at Dacha IV), Ddesel (at Langenstoeir) and comprossod air (at
Niodersachawerfon) any existing plant being pressed into service,

The attempts to camnuflage waste dumps weore gonerally half-
heartad and unsuccessful, but in cne case, at Elbon, great corv was
taken and tho workings appear to have romained undetoctod.

(b)  Linings

As the smites ware chosen in fimm rook temporary bupport was
rarely nooeseary, but was used in the rallway access turmel at Dachs
I whioh traversed thinly beddcd limestones (seo Photo),

In workings in Anhydritc no permanent support was required, but
a varioty of linings were used elscvherc in sandstones. Those

observed were)=
Brick Aroh (5 ring) Alben
Bteel Riba with pre=cast RC.FPolings Langehstoin
Bteel ribs with briak jack-arohes "
In Bitu oonarote "
Reinforoed oconcrete arch - Makrele I.

At Langenstein it was proposed to line the entire factory but
elsevhore lining was only used at weak spots or where falls had
actually ooourred,

As regards the treatment of 4 surfaces of rodk, vhich is
disoussed in detail in sppendix 2A, usual Germen 0o Was merely
tc whitewash them, This is no doubt preferable to a coating of ocemant
grout which may oonceal weaknesses in the rock withoub glving them
IW-
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(o) Entrepococs

The entrance ta an undorground factory is obviously a
viulnerable point and scveral methods of protection Wore seen.

At Largonstein it vas proposcd to use a heavy deor of
roinforcod concroto, capotle of rolling into a dhamber out in the
sido of the tunnol, We Were irformod by the dasigner Herr Heese
that such a door 3 motros thick, and 7 metres high was installed in
an nld railway tunnol at Koohom, in tho Moselle, the turmmel having
beon converted into a factory. This door was said to have resistoed
bambing, The disadvantage of this typo of protection is that the
dnor itsolf if damaged in the oloscd position may form a serious
obatruotion, and this may acoount for ths faot that heavy doors were

little ues,

At Niedersachsworfen the turnel portals, although lined with
concrete wero fitted with comparatively light stoel doors,

' Forhaps the most interesting typo of entrance was that scen
at iakrele I, hore the main gallery of the faotory did mot emerge
direotly at tho surfase, but oorrmnicatod with a shors Tee gallery
at right angles to the main gallery, Obvioualy in the ocase of a
di;::: hit at either portal the blast in the factory will bo much
ro de

In most cases the galleries ware carried to the surface without
roduction in sige, This is ina2visable and acocess turmels ahould be

kopt as small as possible for somg yards from the provided this
ﬁﬂl not oroate a bottloneok for the purpose for 'lﬁ?l 6- faotory
required,

(%)

FNGINEERING BER

08 (ELXC
HEATING AND VENTILAT]

(a) Goneral

Out of the ten underground factoriocs visitod thres only had beon
in production for a reasonablo period, nsmely, Nordhsusen,lakrels IT
;:utzurjt.#nm-hmﬁ rm-u-{n g. ons = Porta (Philips Valve

aotory, re produgtion was embryo stage. The
fantories comprised two classos:= - .

(1)  Where construotion was still procee but wnere
: urtﬂdﬂumﬂmﬁllﬂwmnﬂmtm
, been inatalled with produstion just starting,

(2 Where oonstrustion work was stil1 proceeding, but with
no machine tools of process plant yet inatalled,
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Ths salient Irpreassinn galnel fram the general survey of the
factories in the two classns mentinnel abeave wos that there was an
urgent need to got inte productinon uo qulckly as possible, therafnre
the summarised remarks bolow and tho more dotailed nbsortvations
given in the appondices should not be ncocpted o represcnting the
gonoral standard of installation wnrl: in Geman underground factoring,
a8 undrubtedly thore aro cthers (undorground and surfuce) not osvered
by this particular tour where the timo faotnr had not oxercised such
& restriotive Influencc. Thia vicw is borne out by the higher
standard of treatment evidenced in the factorics mentlongd above as
havirg been in preodustion,

(b) Elgotrig Power supply ond lighting

In mll cames examined, rolianco for powor aupply was plnced on
outsids sources, all fastories boing fad fram tho grid systen at nigh
tension and subse tly reducod to the required worl:ing woltages
by maans of '!:nnng?mn sltuated mithin tho undorground factories.
It should be made olear howsver that tho reduction to workirg
valtages at individual faotorios was effected by means of a nmuber
cf transformers which wers positioned to sult the inoidonce of londing,
This srrangement would appear to have beon adopted, in principle, for
all installations, In no case wam any ‘standby or loocal gonorating
Plant provided and there was no reason to assume that there was any
intention of providing sams,

The standard of wiring installation work varied from normal
to indiffarent, the general oharactor being influenced by the
considsrations already outlined, Tho general illumination providsd
Was of a reascnable standard and invariably machine tools wore fitted
with individual lightirg in addition, & partioularly good standard
had been reached in the Philips Works at Forta and alse at Malachit
(Largenstein) where, in addition to ordinsry metal filamont lampa,
fluorescent lighting had mlao boen provided, This was, however,
the only instanos of fluorosoent lighting cbserved and it was
gathorvd that its genoral adoption had been precluded by the lack
of availability. :

() Comprogsed Alr

In all faotories tho ocomprussoed alr stations for production
purposss worg placed underground, but only in two instances was any
attempt mado to provide n circulating mystem for ocaling vmter, For
tho remaindor, the cooling water apparently was allowed to run to
waste, Gemsrally, a sories of small units wes installed and
positioned to sult the inoidsnoe of loadirg in proference to ome
large oaopresscr station and the campressora wore of pproxinately
200 ou, ft, per mimito capaoity, Comprossors of the rotary type
appoar to have been most favoured, but it was olear that mo partioular
choloe was allowed regarding types that could be installed snd this
would appear to explain the mixture of types found in the verious
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fagtories. Fvidence suggested that had rotary ampﬂt:;:d:::g
frmely availacle, the installations would have been 8 s
on this typo, The compresa-ra were sited in separately ;xnm:h.
chambers of fsct in most cases from the main transit tunns ;!‘. T
than fram the producti-n beys and this undoubtedly achisved a

reduetion of the noisc and vibration effoots,

(d} Hoating ond Ventilation

Nothing worthy of special remark has been observed in respect
nf novelty or advencement of technique, and in certain cases Makrels
T and II, Malachit {Langenstein) and Elben, the ventilation arrangements
were of quitc an olewentary character showing no evidence of real
concern far balanced distritution of air or of humidity ocontral. A
much better eppreach to the problem of balanced diatribution of air was
-bacrved in the Nordhausen factory, Rogenstein faotory, Ports (Ball-
beuring foctory) and Porta (Philipe Themuonic Valve faotory) where both
intake and extract duct work syatems had boonlinsialled, tut no air
filtration or humidity oontrol is essentiel for underground factories
such as thosc, since during operative periods produotion heat energy
within the factory will probably maintain tunnel surfaces and plant at
a temperature above the dew point of inceming adr for the greater part
of the year, It is, howover, ponsidored most desirable that the
ventilation of undergrsund fasctories should receive mush aloser
attention than appears to have becn given in the faotorles inspeoted,
ith the cessation of production and the consequent fall of temperature
tmiards 50°F, condensatlion is unavoidable as a result of the intro=-
duotinn of outside air and this was noticeable in all faotories visited
cxcopt Nordhausen which undoubtedly had nocumulated a large hoat storsge
as a reault of a lengthy production period,

It should be particularly noted that the workings examinsd were
usuaTly free of wator scepage and this undoubtodly mimplified the
ventilotion prablem for these faotories, This considsration may have
been an important faotor in the initial selection of the sites, 4
very differcnt gpproach to the problem involving the use of more
elaborate equipment would have besn nsoessary if this freedsm fror
water had not existed.

In nearly all cases the heating was achisved by coans of the
ventilating air and relied therefore on the contimious operation of
the ventilating plant. The type of boiler most favoured was the
fuel fired cast iron sectional low prossure boiler with stoam or hot
water as the heating medium, There was a noticeables alwence of gauges,
t';:rmar:l.et:n, control valves and othar usual means of gomtrol and
adjustment, :

(5)  ERODUCTION AND LAYOUT

Initially it should be mads clear that the summarised remarics
and the conclusions as stated balov are bemed on the nlu'l.:l of visits
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to ten undergrmund factorics, of which nnly nnc, Vize boriuwa b, ol
boen in major predustion for a lomg rerind. The remaining fact rivs,
oven where thoy had been in production for a short pericd, nr wore
oapleted to the stage of just starting up, had been subjected to the
adverse clroumstances apportaining over the last six months, Jpart
from irregularitios in the delivery of raw matorials due to genorsl
transport diffioultica, it was obvious that thoy had been denied the
ohcioe and availability of those typcsm of machine tools and plant beast
suitod to a particular production, and for inatallation in underground
workshops, In spite of those difficultlos thore was evidence of undue
hasts and endsavour to obtain production. This report thsrofare should
bo treatod in the light that it is not conclusive nor noccasarily
reprosentative of tha tost practioe as applied to laycut and production
mothods in their undarground faotorios generally,

A1l ths faotories visivea had ocoased production, and were
dspleted of workpecple and staffs, The oonclusions arrived at, and
datails submitted on the individuals reports for ths respeotive
factories are therefore based on observation, estimation, and in
ocortain cases roinforved by interrcgation. 1ith regard to interroga-
tion, this was not found to be toc reliable owing to the apparent
anxiety of the Germans questionsd to give ready and quick answers, and
probably without the sppropriats consideration or knowlodge of the
production as a whole,

A1)l the factories inspectod wore comstructed in hill or
mountain sides, and oonsistod in the cases of major faotorles of a
otplots hn:mi aystem, and in minor faotoriss of caverns, or an
adaptation of existing oaves or workinga, Ths type gonsrally favoured
would sppear to be tho laddarlike formation, or as an alternative to
this, & singlo main tumnel giving through access and having offworiing
gallexries., In all ocasss ths aotual formations Were governsd by the
geogrephiocal and geclogical oconditions existing at site, Flans of
respective factories are included with this report.

With rogard to the general oonstruotion other than for Makrels
II, floors were mads up in conorets, of the fiomel mystoms and
workshop gallariss were unlined, and in these cases whitewsshing was
the only treatment given the virgin tumel surface. Howover, at the
Begenatein faotary wharo automatio machines were installed, conarote
protecting walls had been providsd up to & hoight of 9' but this was
obvicusly 4o mest apecial ciroumstances by reason of hawving to insert
bar atook into the machines and tc minimise tho oreation of grit and
dust whioh would have been ococasicned by contact of the bars with the
virgin tumnel surfaces,

Thile there was no convinoing ovidance of tha dsloterious offect
of grit and dust on inatalled machine tools, it doea mot follow that
this weuld not by felt over a relatively lorg paricds In this
commsction, machines in the main were not new and had beon ommpare~
tively recently installed, Neverthaloss, there was evidenoo that the
coambination of dust from tumsl surfaoces and floors was in groater
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surfaoe factorys Apart from the

W tinate offcct on rachinc tools and plant, vhowo ® ig“"m”‘“"“"“
tn aspsomble and creot atorcs such ae o1 108 dust ocontont in the
factories, it is obvicusly {mperative that the dus u.:J. to the
H-tl'nﬁlphﬂrﬂ o roduced to R minimum, and at leant oqg

; tories, It 1m thore®ore
conditions provailing in good surface fac ta it aaagklal
suggested that for projects where 100 LI":rl 31:!0#!.:1 treatment of

t, tho queation o
fram a conatructinnal aspect, 7 tigation. Alsn, Oon=

” of inves
tunnel surfaces is a subject worthy of vaouur cleaning methods for

sideration should be given to the uso
shop floors so as to reduce to a minimum the omount of dust that could

be taken up by the forced draught airsireans.

Tn the inatallations scen, there was evidenoe of rostriotion
in the evailability of machinc toola, Thome being installed in the
underground factories ware melnly obtained from existing surfaoce
factoriea, augmentod by machine tools romoved from other Furcpean
countries, It was obvious thaf there was either a genarsl shortage
of new machines, or the transport position had becoms impossible,
In this conneotion, the sbsence of one pertioular machine may have had
a very adverse effect on production, and this was inatanced in the
case of the Porta Ball=bearing factory at Bachausen whero it was
ascertained that one vital machine for this speocifio productlion was
ready ot the maker's works tut could not be delivered, Further,
ther= wos an almost entire absence of lathes of tho capstan type,
resulting in the use of an abnormally large mumber of standard lathes,
the latter not being as productive and demanding a highsr standard
of skill in their usage,

No sutstanding new features rogarding layout and production
u*hnds were seon during this tour, and it was evident that the
genorel machining methods and layout of plant adopted 4in these
particular factories Were not up to the standard reached in Britain
during the war, This condition may have been partly due to the
shortage of suitable machines, but it did sppear that the operational
methods and sequences used on undsrground production, whare £loor
apace is very valuable, had not received the special considaration
that one would have expecteds In soms cases coatly floor space was
being wasted by using large machines for relatively small cperations,
and horizontal breaching machines where vertical machinss would have
been mnre sultable,

quantity than onc would find ina

Of the crginsering factories only in the cases of Makrele IT

and the Regenotein foctory was there real evide planning
rooceived serious consideration, e Shet i

The main effart, however, that was apparently be made to
‘btoin maximun output per unit of floor aroa, wulioniﬁ the ‘direo=
tion of overorswding machine tools than of careful pPlanning, The
corgoated condition of machine shopa was found tn vary harbu'm the

various factorics, the worst congestion belng evident in those
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faotories whare mlave lsbour had been employed. In these cases the
poasibility of obtaining maximm output by nvercrowding had been
allowed to outwelgh all conalderatinns for the workers comfort and
l.:'vl

Overhead 1lifting faocilities were provided only in ceses vhere
its provision was absolutely essential, and thon the installation
was molely looal to the partioular work concerned, There was a
reraxkable absenoe of conveyor systems in most of the production
shops, even vhere (s) tho ocongested conditions of working could to
scoe axtant have becn relisved, and (b) whore output would cbvioualy
have Besn direotly inoreased by such proviasion. It appeared that the
large rumber of slave workers generally available for 1ifting and
transporting purposss, poseibly coupled with the saving of conveyor
and orane produoing capacity in favour of direot armamont production,
may have bean the prinocipel reasons for the absence of such equipmont.
No speolal arrangsments were mads for handling ariaings such as swarf,
and even in shopa ocntelning automatio machinery, swarf had to be
dealt with by hand methadw,

Regarding internal faotory transport, scowmulator driven trucks
wers normally adapted for transportation betweecn workbays and the
storags areas,

There was no attempt mads to provide noise damping devicos such
a8 ourtmins whioch would have reduced the tranamission of plant noimes
in the tunnel aystems, and no special methods were apparently used
to insulate the foundations of plant such es reciprocating compressors,
Vibration arising from reoiprooating machinery could have been very
troutlesome in confined spaoss such as tunnal workings,

From the varicus types of fastories inspsoted, and in particular
Nordhausen and Dachs I, it i1s epparent that given satiafactory
geographical and geclogical conditions there are few types of
installations which oould not be sited underground, provided, of
ocurse, that the propsr teohnloal ocnaiderations were given in the
Plammirg stage, With this in mind, and with ths knowledgo that
there was serlous interference with produotion at the various
Taotories owing to transport diffioulties resultirg from bambing,
it is Airfioult to appreciate the German policy of havirg mainly
Plamed the manufscture of components, and carrying out part essomblies
lnnl;',r in their underground faotories whioh gensrslly applied except
-lin tha came of Nordhausen vhere V Weapons were conatructsd 1in thelr
entirety, One would have thought the obvicus esurss would have boen
avoid the risk of destruotion of components and part assamblies
th &uring transit to, and at the surfaoe feotories whers it waa
tended to offect the complate asemrbly, This would particularly
in the casq of those equipments vhich were'bteing mamifactured

for the defense of vital surface targets and
oations, This is a point of policy whioh would appear te
tify evary comsidsration in future plaming,
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a4d not bring t> light any particularly
layout or production methods, it has

nut a very wide range of
stressed tha pointa

Although this tour

sutatanding features as to
indicated the practicability of carryirg
production in underground factoris, and has

surmmarised belowi=

(1) It does not appear wise to dspend solely on grid
onmneotions for electric pmier supplies, and an
alternative standby source of supply by local
generatug plant contained within the Workings would
be advisable as part of the pesmanent installation,

(2) In order to obtain tho best use of f{loor area,
machine tnol layouts should includs only ths mat
efficlent types >f machines, and providad the
production to be undertaken is reasonably stable then
apecial types = oven to the extent of new dasigns =
should form part of the equipment, There time factor
is oconcerned, such provision osuld only be made
effective if the planning is undertaken sut'ficiently
Well ahead to allow for design and manufacture,

(3) There should be no hesitation to adopt the use of
oconveyor systems and mechanicel handling where those
would be advantagenus both from produgtion and labour
aspecta, and particular attention should be given to
dealing with such arisinges as swarf,

(4) Tunnel surfaces if unlined should be sultably treated
to reduce dust effects tc a minimum, and provision mads
for cleaning the machine shop floors by means of
vacuum appllanoces.

(5) In order to reduce moise effect and vibration,
campressors and plant of a like nature should be of
the rotary type.

(6) Insulated foundations should be provided for plant
which creates undue vibration, and for certain classes
of precision machines such as grimders. .

(7)  Noise damping soreons should be used where advantagecuss

(8) The provision of ventilation and heating by
means or &
balanced plenum system appoars to be the most satisfaotory
tpo of installation, but the praoticability of some form

of automatio humidity and te hould -
i i mmmﬁ _ mperature control a a

(9) Produotion at ench fact '
oTy engaged on vital
equipment should as far as prn.:ltinubla aim .ﬂ;.nuu
1 manufacture and assombly nf the complets store,
Bud, 12,



BART II1
DETAILFD DFRORTPTIONS OF FCTORTES

(A), MITTELVERKE FACTORY 021/4320
liedersachsworfen, fiuu' Nordhausen, 0
Code Name, HYDRAS e31

This largs footory, situased bsneath the Kohnateln, a hill
2 Kilometres south west of the village of Nisdersachswerfen and 6
Kl ametred north of Nordhausen, was said to be one of a growp of
eight faotories in the vioinity of Nordhausen. It was used for the
produotion of airoraft engines, and V1 and V2 weapons, which were
to be seen in every stage of mamufacture,

All the underground workings were of new oconstruotion,
although access was from old enhydrite quarries,

Tunnelling work is said to have started in August, 1936, end
the transverse tunnels, Nos, 1 to 17 oompleted in 1937. This
involved the excavation of 276,000 cubio matres of rock, Transverse
turmels were built in two stages Nos, 18 to 36 and 37 to L6 betwmeen
betwaen 1937 and March 1944, Ve wore informed that the galleries
wers ¥ intended for the storage of chemicals, but were
converted for use as a factory starting in September, 1543,
Produotion started in March, 1944, Tumels 1 = 19 being used for
Junkers engines and the remainder for V wespons.

taots Raf 8

At the time of our visit thes faotory was guardad by the 5th
Armoured Divisiom, U.8. Foroces, Commanding Officer Major Treadwell,
whom we met together with dajor Wilkina and Idsutenant Hobbing,
(Intelligence Officer), Lisutenant Hobbing introduced Herr Karl
Neu who was in oharge of oonstruotion fram 1936 - 19?&., for.the
firm responsible for ocarrying out the work, WIFO, (Wissenschattliche
Forschungs Aesellschaft), Other tochmicians asssciated with the work
whom we were unabl: to meot werei~

Rrofeasor Bohriel (Geologist) of Gottingen
Herr Winkelhtraster (Ventilation) of Wuppertal.
Herr laumenn, Niedarsachswerfen

‘Herr Bobmidt, Woffleben

Herr Von Lingelshoim, Nordhausen,

As the area was due to be cooupied by the Russiana we were
unable to make as thorough an sexamination as we oould have wished and
no information was obtained on costs or on progress, It was arranged
that Herr Reu should prepare a datailed report for Lisutenant Hobbing,
a copy of which would be forwardsd to ds within a week, As the
Russians moved into the area within three days of our vigit this was not
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Galonel Reford-Brown, 0.C. "T" Foros,
t Hobbing and if possible Herr Heu,
8o far this report

received, aml we ruqucnj:edL
30 Corps, Goalar t> trace Lieutenan
¥ho had Deen taken into custody by the Americans.
has not been received,

Previous to the visit our P”‘.U wps &u;lpl’.ﬂﬂ. with C,L.U. I'uportl
iv maps, air photographs, genlogical seotions, eto, The factory
gudub‘;en nf:ortadpﬂn by C,1,0,8, party No, 163, and it is unders tood
that methods of oonstruction have bepn reported nn by Lt, Colonel
Clarke, Air' Corpa, U.8. Amy and Mr. Jansen (U.8, Civilian), The
goology of the mite im describad in Prussian Geclogioal Burvey Sheet
2525, (moale 1/25,000), 1930, and the accompsnying Memoir (1935).

ol S8ite Investigat

Before tha commencement of work core=borings were put down, and
a geological and geophysical survey made under the supervision of a
geologist, Professor Schrisl., As shown on drawing Nos« 1 B a ssotion
of the Kohnstein shows anhydrite overlain by gypsum, with a cepping
of doldmite on the highest points of the ridge, Anhydrite (ocaloium
sulphate) coours as a massive deposit with a fine grained oryatallins
structure, bluish white in colour, It is woll muited to tunnelling
as it is readily exoavated oy drilling and blasting, but being
oomparatively free from joints and other plances of weakness will stand
unsupported over widthasf 30 and LO fest, Tho faoe of the Kohnatain
is oxceedingly steep [sees photograph No, 3) and gives ample cover.

At its upper surface the anhydrite has altered to gypsum to an
average dzpth of about 30 feet, this mineral is soft and unsuitable
for tunnelling, and ventilation shafts passing through it were lined
with brickwork, The tunnela ware oonfinod to the anhydrite stratum,

No falls of rock were sesn in the factory, but we were informed
by Herr Neu that falls coowrred if the temperature was allowed to riss
above 6BOF, and that soveral heavy falls oocurred during 1544 and 1945,
one of whioh killed 12 sworkers,

Laygut of Faotoxry

A Flan of the factory is shown in Fig, 1A It is based on sketohes
made on the site and 1is not striotly mocurate. It will be seen that
the factory consists of two main parmllel tunnals each over one mile
in lergth and about 170 metres apart, These are B shaped in plan
apparently to take advantage of the maximum cover, They are connooted
by L6 transverse tunncls, 8o that tho whole is ladder like in plan,

mmlnhﬂmmrd‘mmmlmm&lt, and i showm in

The main galleries were about 30 fest wide and 25 feet h
and the transverse galleries of approximately the same sise, E‘,‘h
::n of these had an wper sterey oonsisting of a timber floar
Blld 1L,



resting on stcel jJoista.

It is said that a tetal floor area nf 600,000 8q. metres was
planned and that the area in use ias 120,000 sq. motres at floor
level, ani 45,000 on the upper storay.

Lining and Support

In gpite of ncoasinnal falle of rock the gallerica ware
unlined, though stecl supports and ernsa beams had been placed at a
few places where the roof wna weak, Veritilating ducts, cables, etc.,
viere carried on light steel frames as shovn in TMig. 14

Entrances

The tumel portals were lined with conorete, with sring walls
(aee Photographs Nos. 2 and j}. Steoel doors were fltted to the
entrances, but these would nnt have given muoh protection fram a
near mas,

Shatf'tns

There were 8 shafts, seven nf which were for ventilatien, and
one a flus to a furmace. These were all 2,5 M, x 1.5 m, in scotion.
They were unlined ir ths anhydrite, but lined with brick in the
gypsum and dolamites A typical shaft scotion is shovm in Pig, 1A,
this seotion was adopted to provent sibotage, The risk from bembing
was oonaidered nogligible, g

Bewage Disposal

A1l sewage was pumpod to an everhesd main (8ee Fig. 1A).
Wator Supply

No infcrmation was oclleoted on this point,

Laboyr

Very little information could be obtained, it is said that
there were betweer 15,000 and 20,000 workors (6,000 per shift), but
it is unoertain how many of these were engaged on oconstruotionm.

Workers in the faotory are said to have beocoms acolimatised in
fram ik to 5 weeks, Tho sickness rats is said to have been 4% to 5%,

Euut ion

Methods of excavation were seen in new workings on ths East
side of the Kohnsteln, Thess were sald to be intendesd £or an oil
refinsry.
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Drilling

With hand held jack hammers, Drill steol 1" round up to
16'0" long. Chisel, 4 point and six point bits useds M;m
per round, 10 f4, to-12 ft, Holas per nnmdi L8, Three 8 hour
shifts worked undsrground, one Drilling, cne Blastirg mnd cne Mudking,

.
One 1 machine to 3 faces, The breadth of 9 M, permitted
the use of a # cu, M, shovel,
Iransport.

95 om. gauge track. Compressed air looamotives used owirg to
shortage of fusl oil,

Miscellanecus .

The produotion sids of the faotory was carried out by B.LF,
(Elekstrisches Machanisches Werke,) Lisut, Hobbing stated that
dooument and 15 cases of films oovering tests of V,2 projects ware
fumed over to E,lLW. persommel on 27th March, 1945.

An R.AF, Ting Commander stationed in Nordhausen previous to
Amoricans taking over faotories, was reported to have obtained and
taken away the 15 oases of f{lms.

A1 oopies exoept oopy "A" reported to have been
burnt e 8.8, Oopy "A" taken by 8,8, offiocer to the Bahneekopel ,
& mountain in the Rissengebirge between Silesia and Osechonl ovakia,

The first tpo transverse funnels from the Northsmm end were two
storeyed with conorete floors and equipped as a hospital and possible
1iving acocamodation for German supervisors and key personnel. The
equipment was of a high standard inoluding the hospital equipment,
This was in marked contrast to the Bouthern end of the factory where
slave labour was used to a muoh greater extent,
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turmels togather with ciroulating pumps and ancillary
equipment, It was not pnssible to examine the boiler house
equipment in detail as the floor was undsr an unknevm depth
of water,

The boller flue gasos Were taken through the top ground
Oover by means of a shaft, but it was not possille to ascertain
the normal methods of fuel delivery or for ash removal, For
o boiler inatallation in such a position it is reasonable to
Fuppose that solid fuel would not have becn used if liquid fusl
had been available,

The greater proportion of the heat generated was supplied
to the alr hsater batteries of the main ventilating system and
then delivered to the workings through the me@ium of the air
supply, Heat was also takon to individual unit Air hoaters
of the suspended pattern at key points in the workings, notably
at main tunnel entranoces,

The main batteries, unit heaters, and the plpe work which
was entirely jointed by welding, were of the conventional
pattern and represented a normal standard of dsaign and
WMPi

It was ascertained that 1t was considsred ngoessary to
ensure the temperature of the workings did not excesd GBOF
8inoe it was feared that temperature exceeding this would
provoks falls of rook.

(b) Ventilat

Ventilation was provided by » aimple mechanscal air supply
and extraction, the supply air being taken from oussids and
Warmed, but not cleansd or otherwise treated, A ocentrual fan
chamber located in tho same cross tunnel as the boiler house
supplied fresh air for dealing with one main twmel, and this
ArTangement was probably duplioated on ths other side for the
;amnﬂ main tunnol,” This chamber containsd thres gentrifugal

ans, rating in parallel, each dresing fresh dir through a
hu'l:arnﬁttuy from tho bose of a verticel shaft running adjacont
to the flue shaft, and rising to the surface above, Air was
discharged from these fans into a Sammon supply duot and the
division of fhe load between the thres fans wos probably adopted
to minimiss head romm in the fan chamber, and to obtain same
standty against breakdowns and for repairs,

The distribution of wamm fresh air was oarried out by means
of galvanised ahset atesl duot work, running along the main
tumal, with branch duots along the cross tunnels, All dunts
Ten at high level and to one sids, Outlet gratings were
providad at intervals on all ducts, \
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The inlet system Was paralleled by a similar l}rltam.ii;’
axtranotion duct work run in the main tunnel on ﬂ;o.mnlitu
as the inlert ducts, and in the oross tunirals on uh]:.:p 0
sids to %tne inlet duota, Extraotlon branches Vere 2 i;n:
brought dnvm to low level, and interrogation disclose ln.
this wag done in the case of the main tunnels for the purpofe

of Tomoving fumes fram Diesel looomotivess

Palnt sproying booths and the like were also directly
ur.lrmut};tri tﬂptﬁ‘: :E:trantinn ducts and appoared to have been -
generally sited near to the main tunnel for thias purpose. e
extraotinn duct=work system was taken to exhaust fans which
wero sited in cross tunncls at each end of the main tunnels, and
the vitiated air wes discharged to atmosphore through the open

ends of the tunnel.

L]

Tt was stated that the total guantity of fresh alr supplied
was 950,000 cubic metres per hour, whioh représents approximately
one air change per hour as an average throughout the Eystem.

At the onrmencement, however, tumnels 1 to 17, were provided with
gbout 0,6 air change per hour, tui this was found to be Iin-
sufficient, When oroces tunnels Nos, 20 to 46 were afterwards
equipped, the air chango for these tunnsls was increased to
approximately 1.4 changes per hour, The final standard of
ventiletisn is stated to have been quite satisfactory for the
produotion machinory installed and for a working shift of six

to seven thousand employees,

The installation was of conventicnal design, it possesmed
no novel features and the workmanship was moderately good,

(o) Hectrio Lighting and Fowsr

There eppeared to be one main High Tension intake station,
with a number of transformer sub-stations located along the main
tunnslss The main distribution cables wvere run in a boarded
duot at floor level on ane side of the maln tunnel, and emerged
at convenient distribution pointa whare the usual gear was
provided, Looal oircuiting to motors and lighting points
was carried out by means of ocablea suspendsd from straining
wires ruming along the tunnel centre 1lins, The dlstribution
was arranged as a three-phase, four-wire system and in ssveral
instances olrouits are tee'd off the mains without the
insertion of any proteotive devioces,

No information could be obtained regarding the use of earth
leakage trips, and no standard system of group motor contral was
ovidonced, The genernl 1lighting in the tunnels was ﬁ-mduﬂ
by moans of well distributed motal ‘f4lament lamps, L]
wattoge of {ha lamps howsver was not consistent, probably dus
to replacement ainoce the oodupation by Military Forces.
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The general installation wwmrk was of a very ~rdinary
standard,

(&) Compregsed Air

Compresacrs of both the rotary and reciprocating types
were installed, and these wore distributed in repacnably
amall units to suit produstion requirements, the coampressasrs
beirg generglly sited in small rooms off the main tranait
tunnels. A

Cooling water was apparently run io \waste,

The compressed air, at 6 atmosphorea pressure, was mairly
used for operating pneumatic jib eranes, and for blowing svart
from machines partiocularly where gang m:{lliru was carried nut,

Production snd Layout

The Mittelwerk and Nordwerk tunnel system had been in reasonably
full produstion up to the cessation of hostilities, the main
production being:-

V1 and V2 compcnents and assembly

Taifun = flak rocket componenta

Behildhrote = flak rockst oomponents

Junkers Engines = Jumc 004 components and assembly
Jumo 213 camponents and assambly

While it was not possible to obtain army reliable information on
8ite, it is oonsidered that this factory had been in production for a
period of at least 12 montha, It is alsoc estimated that the total
labour force (two 12 hour shifts) employed cn produstion was in the
nsighbourhood of 42,000 of which 75:?1!1:1.11& be foreign workers,
Having regard to the two 12 hour shifts worked, the factory no doubt
would have been in a position to have reached an nutput of 800 to
1,000 V. Weapons per month, and also about 200 Junkers Engines per
monthe  Although it was not possible to investigate the whole work-
shop area owing tb local flcoding and presence of mines, we would
assoss the number of machine tools installed as about 5,000,

The general layout and production arrangements were basad on two
main tunnels, each about a mile long by 30 £, vido extending frem
ore 8ide of the M1l to the other, thus giving double entry on both’
sides, These two main tunnels were ocnnacted by 46 cross galleries
each about 520 ft. long by 30 ft. wido. The two main tunnels vere
used for main and inter-=bay transpnrt, havirg double troock rallway
throughout their length for the main Liooming and cutgoing traffic,
and diesel and mooumulator driven floor trucks for inter=bay
transport, Prepared roads givirg acocoss to tho four main entrances
permitted the use of road transport both to and throughout the
main tunnels.
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dated in ths two main
Storage, including castings Was acoommd trork and assambly,

£ar machining
tunnels leaving the crnss aﬂll"“'in;’m dsvoted sclely to machiming

and of these approximately o thi
operationa nnrlpa:aller erectisns such as -the Junkers Engines,

Lifting arrangements sere striotly confinad to requi;:mn ’
and in the main tunnels comprised floor operated eleotric
bloocks carried on beams mounted orosswise, and in lam'z:il:ﬂlm
intn the workshop bays where lif'ting was ull-uun".‘-ill-. P i farly
applied to the handling for vertioal assembly of V2'castings, -3 or
handling dies on the large power presses which were installed.,
this oonneotion it should bo noted that while the average height of
tunnels and galleries was 25 to 30 £t a sub=floor glving more
effective height and situated in certain oross galleries, adjacent to
the main tunnel, overcame thé question ef headrcom for those partioular
operatinns and assembly where more than the normal height was essential,
Further, the electric holsts were of ths Maag type giving maximum head-
room and 1ift, Every consideration had obvinusly been given to the
1lifting aspect for handling work in the cross galleries, partioularly
the machins bays, Individual pneumatic oranes of the Jib type were
installed adjacent to thsse machines where it was not possible to man=
handle thes work.

In the shops devoted to oylinder blook and 1iks machining
operations, L-whael flat topped trolleys were provided and arranged
to run on a light tubular conveyor rail system, This provisioning
was mads on both sides of the machine bank for handling the leavier
work and no doubt used also for removal of swarf to the main tunnels,

While for an underground factory the gensral arrangement was
good, 1t oould have been improved hy the installation of more oonveyor
systems. It is pointed out, however, that the working oonditions in
the machine shops were bad, dus to the corgested stats arisirg from
the large rumber of machine tools installed in the ares. This rendsred
& oondition which would not be tolerated oxcept where the labour was
controlled to the extent of cosroion and the managemont were not
concerned with accidant rates; generally thers was suffioient room
only for the cperator to stand and load hias machine, Bketoh attached
showa typical instances of the endsavour to site machine tools in a
mnimm area,

A certain amount of this estlon could have been avoided had
mgohine tools of beatber mt;:‘mv besn available, and was
inatmm&intheuuenf:ﬂ:ﬂi:gﬂubunnntmtuumhhn
grinders of the Planptary type were installed, Based on owr experisnce
in the manufaoture of 7,L.0, engine oon rods the Bryant machine
(Amorioan), had it been avallsble, would have given equal output for
half the floor space absorbed by the Flanetary This

rerark applies e to other
precluded choimfuﬂly ° Oases had not lack of availability
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Pew machines of a speoial nature were installed and the
oondition of machine tools with very few exoeptions could only be
dsscribed as fair,

Machines were levelled and grouted, end only in isoTated
essential cases were thoy bolted down to the floor, .

021/132A
0 1
o31,/2801

The Langenstein faotory was the second largest footory visited
by this party, and was intended to be ontirely devoted to the
manufacturs of Jot engines, It was of particular interest as both
in plan and in the type of rock in which it was situated it reacmhled
an underground factory construoted in England during the war., A
dotailed comparison of the two faotories is given in Appendix 2,

The faoctory is situated beneath the Thakenberg, a kill on the
edge of ths Halberstadter Stadt Forest about 3 miles South of
Halberstadt, and one mile North West of the village of Langenstein.

The wnrkings wore entirely mew, although the northerm entrance
Was from an ald sandstons quarry,

The factory was built by the "Ersbergbau Salzgitter G,m.b.H,"
& branch of the Herman Goorirg Weris, and was intended for tha
manufacture of Jat sircraft emgines by the "Junkers Flugzug Motorenbau”,
whose works at Dessau had been bambed in Pebruary 1944 and temporarily
transferTed to Sittau,

CONTACTS AND REFRRENOES

Herr Heese - Civil Ergineer and Architect in charge of construction,
Employed by the Herman Goering Verke; previously in
private practise in Berlin,

Herr LOder = Chief assistant to Herr Heess.

Herr Hoffman - Ohief Production Enginser to the Junker's
Flugzug Motsrenbau,

Herr Paupel - Chief Assistant to Herr Hoffman.

Herr Direktor Schlifer of the Junkers Flugzg Motorenbau was not
interrogated as he was i11.
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(1)  Alr Ministry Interprotaticn Report No. L,260 dated 18th
October, 194k, together with acriel photographs,

(2) Prussian Gonlogical Survey, dheet 230 (Halberstadt) 1/25,000
1927, Hemalr 192&-

Mr, Hoese stated.that many drawlngs were romoved by the 8,8, and
that a plan had been taken about June 1at by Captain Smallice of the
U.S, Ammy., Some drawings remained in his owm affice at Halberstadt
and he agreed tn prepare a report giving full particulars of 1lbou.:
employed under varicus categories togethor with an analysis Et'aul 8,
On nur roeturn <o Goslar »n 30th June, a request wos mads to "I" Fnroe
Hepdquarters that Herr Heese and hia records should be removed fruom
the Russian Zone at cnce, Unfortunately Halberstadt was ocoupled
by the Russians that night and contact with him lost. For this
reassn our information on costs and progross is incampletes

It is poasible that Herr Hoese may have moved out of his own
anconrd and could be tracod,

AND SITE TIGATT

Ve ware informed by Herr Heese that owing to the extreme urgenay
of the work no borings were put down, but this was unusual, and that
as o result ofanges had to ba made in the layout after wark had
cmenced, Other hills in the neighbourhnod of Langenstein were
inveatigated by boring as psesible sites far, e-Xrupp factory, but
wore found to be unsuitable.

The tunnels were driven in a fine grained sandstons of medium
strongth. This rock is expssed in ths quarry at the north entranoce,
(Sec photngraphs). It is pale buff in colour, dips to ths north at
20 to 3° and shows tw- systams of vertical joints striking 320° meg,
and 230° mag, respeotively. There are well marked partings or bedding
planca at intervals of 4 or 5 feet and o8 the main Jointh are at about
the same interval the rock is "blocky"., Herr Heese stated that the
overbtreak was 10% of the total excavation, The top of the Thakenberg
is cepped by a stratum of harder sandstone as can be seen by the
stecper slopes and the many pillar shaped cutorops which emerge from
the forest as consplouous landmarks,

These sandatones are said to be underlain by uncemented sandsj
this was not seen,

The workings were remarkab and :
the neighbourhoad of strong Juinﬂl dry, no water was seen, even in

ELAN OF GALLERIES
A plan of the gallerius is attached to this report,
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v ' 4 WATT

Total excavation planned - 450,000 ou.M,
" « N complotod - LDO 000 cuels
FLOOR ARPAS AND LEVELS '
Total floor Area planned - 72,000 sq,M,
L " " ocomploted - 67,000 sq.M,
Area in use for produotion - 25,000 sq.M.

Floors gradsd to 1/33 to suit bedding of sandstone,

LABQUR DATA

The following rough figures were quoted by Herr Hoese covering
all olasses of work on the Jjob both surface snd undsrground,

June 1944, 500

July 900

August 2,000

September 3,000

Ootober 4,000

November 4,500

Degocanber k4500

Jamuxy 1945 4,000

Pebruary 4,000

March 4,000
4d sum of 4 marks per day per man was pald by contractors to the
govermment for prisoners from ooncentration camps, Oivil prisoners

of war were pald the mame hourly rate as Germans, The rats for
sicilled men was B0 pf, per hour with famdly allowances, The mean pay
rs was 95 maris per week and for unskilled workers 50

Adocording to Herr Paupel work started in June 1944 and
oonstruotion was suspendsd in March 1945,

Produotion was started on 11th April, 1945,
QCOT DATA
Aoocordirg to Herr Honse:-

ture to date on construotion work only exclusive of all
charges conneotion with equipment « 25,000,000 marks,

Bstimated total expenditure = 27,000,000 marks.
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AVAT

Lrilling

A1l hnles were drilled Ary with light, hand held Jackhammers,
using an auger steel with a chisel Dbit. Elsotrio drilla were tried
but wers unss‘isfactcry., luch uss vas rade of light pneumatic picks
for trimring the roof and sides, Air pressure at the foce was 90

lbpf"q- in.

In the large gallerics, 7 m,wide and 5 m. high 35 holes were
drilled to a round. Nommal progress sas one round of 1,50 metres

per B hour shift,

Irmediately after blasting the drilling of top holes was
started, the drillers working from the top of the muck pile, As
rcking proceeded and the rest of the face was exposed the lower

holes were drilled,

In the main narth south gallery, L.LO metres wide and 3,00
metres high, 20 hcles were used per round, As progress in this
gallery governed the progresa of the whole projeot faster work was
achievad, the average advance beirg 7.M./2L hours. It is said that
an advance of 17,50 metres in 24 hours was reached, record for Europe.

Blasting

Exploasives used were 'Tonarit 1 for the cut and Tonarit 2 for the
square up, Charges were fired electrically with the usual delays,

Mucking

At Langenstelin, as elsswhere, a oompressed air loader of the
faoe shovel type was much used, This machine the Salagitter-Ladar,
manufactured by Herman G3rirg Werke A,G, fiir Bergbau and Hittenbedartf,
Salzgitter, is fully desoribed in appendix (3), It has a bucket
ocapacity of 0,3 ousme and a maximum output of 21 ou, M/Hr,

75 cm, gauge track was used with 1} ou.m. wagons and diesel
1ocomotives for the transport of spoll. The exhaust fumes from the
locoa was troublesoms and air oonditions at the face wers sald to be
oxtremely bad as a result,

All spoil was taken to the South end of the main tunnel
metres lorg, Here the portal was at such a level that the t:':'u;kmm

oarried out on a gantry on which two slectrical ted
Were installed, These delivered direot to 2 aﬁ.’mﬁa ﬂ"‘
Wagons on the dump below,

On the dump steam looomotives ware in use and
unusual design was usad for levelling (Ses Ph::tlf"gmh.ﬂ;fr;ﬂ . *
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Recently dumped material was apray painted with large portable
sprayer fitted with a hand pump, Part of the dump had been soiled
and seeded down %o grass.

On the whole the camouflage was not effective.

TALLE OF GROUND

It was originally intended to use the South West entrance for
rail access, and the gellerles were started to the appropriate
dimensions, After advanoing a short distance work was stopped
by a heavy fall which caused several fatal casualtles and left a
aavity extending 12 metres absve the back of the tunnel, A brick
arch 1% metres thiok was constructed for a length of 12 metres at the
point affected, and a borehsle having been put down from the swiace
ints the cavity, it was filled with grout,

The intention to uss this gallery for rail access vas abandoned
and its dimensions were reduced for the remaindsr of ita length,

Inspection shows that the cause of this fall vwas a stratun of
very weak sandstons overlying the gallery,

Mr, Heese stated that minor falls of rock were oommon, and that
the moocident rate from this cause was high.

LINING AND SUPPORT OF GALLERTES

It was intended to line the workings throughnut, and oonsiderable
progress had been made, Beveral types of lining were used but these
woere all based nn steel ribs of Heavy H section 12 am. x 10 am. placed
at 1 metre centres. The types sbserved wero:-

(a) Preocast slabs spanning 1 metre and 9" deep placed
betvean the mild steel riba,

(b) Two precast slabs each bearing on a steel rib at one
end and on a central ocnarete voussoir at the other,

(o) Brick lining between the ntesl ribs, built with a plane
face up to the springing of the main arch and as a jack
aroh above it, The standard of workmanship of this

briockwork was exoeedingly poor and in places it appeared
unsaf'e,

() At the junotions of galleries where the rock was weak
briok arches of heavy construotion were used instead
of steel rilb construotion,

In all osses the lining was backed with stones met in ocement
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mortar. In 1945 steesl ribs became difficult t> get and i:tmt.anmi
building them in, they were used as ut.q:-pnrt: for uhu:t:lr;n o 3 g
conerete lining. These shutters were of 1" board 9 : tan

long wedged off the rits, The ooncrete was 4O cm, thick 1o springing

: hand packed
reducing tn 10 em, at the erown af the arch. Stone was
buhindﬂft Where neceasary, As much as 7 metres per 2, hours of thias
type of lining could be placed per gang.

The ooncrete used was a 5: 1 mix., 215 Kg. of cement tn 1 ou, 1L
of aggregate. The coarse aggregate used was dolerite chippings -
4", and the finc aggregate vas fnormed by crushing the local sandstone,

The plant for fine aggregate consisted of a 4O" chain conveyor
feeding to a Chilean Mill with two mnllers set eccentrically each 30"
rad, 16" wide, The rock vas crushed dry. Large blooks 7ere put
through a 16™ = 10" Jaw Breaker before crushing.

Conorete was mixed underground in I: e,y, mizers, and transferred
to a movable stage by means cof an 18" portable conveyor. The concrete
was shovelled fram this stage tn the shutters, The conorctc as placed

hod about a 4" slump,
ZNTRANCTS

It was proposed to use an electrleally operated reinforced
oonarete type of door, 3 metres thick, to roll into a chamber in the
8ids of the gallery, These were not installed, but ons chamber had
beon formed,

Seven shafts were sunk for ventilation purposes at points shovn
on the plan, They had no features of interest.

HATER SUPPLY
2 Wells were sunk outside, and one inside the workings to draw

water fram the underlying sands. Their depth varied from 40 t M,
Three were in use and ylelded 40,000 11./&2;? ° 48

SETAGE DISFOSAL

Salt glazed pipes laid in trenches beneath the main gallery

ram?d‘. 8ewage by gravity flow to a septio tank discharging to the

AIR ATTACK :

We were informed that no attacks w made
B g el 8 Vere on this site,
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ENGINE RING SCRVICES

(a) Heatimg

The permanent heating equipment had not been installoed in this
factory, but it vas underatond that steam boilers of the locomotive
type were to be housed in a Boiler douso outside the underground
workings adjacent ta the broad gauge railway tumel entrance, coal
being taken from the railwey by means of a conveyor, Tho stoam
pipes were to be run through tho tunnels to aupply air heater batteriens
fixed at the bottom of vertical ventilating shafts, « provicus
intention to instal boilens underground appesared to have been dropped.

In order to enable the first complebed meotion of tunnels to
come into production, a temporary heating imstallation conslsting cf
four casteiron sectional boilers were installed in s building sited on
the hill surface adjacent to ona of the vertical ventilation shaf'te.
A pumped low pressure hot water heating ciroult passing dowm the
vertical shaft served unit air heaters of Junkers make., The
installation was of a very temporary oharaoter, and instruments usually
gonsidered nscessary for the operation of a syatem such as this were
not provided, It was stated in interrcgation that the temporary
heating arrangement had been far from satisfactory.

(v) Ventilation

The permanent ventilation intendad for this faotory had not been
installed, and interrcgation indiocated that the exaot nature and
errargements had not been finally daoldad,

The broad intention seems to have besn to provide simple *
mechanioal fresh air supply, and extraction, the incoming air being
warmed but not filtered or otherwise treateds The fresh air was to be
drgym from the surface down vertioal shafts, with fans and heater
batteries at the base of the shafts and thenoce delivered to air duocts
exoavated below the flooy of tho main tunnels, from which btranch ducts
were to be taken, BSeveral of the main mmnel floor guots and branch
dupts were taken up betvmen the rock surface and the tunnsl lining for
ths purpose of connscting to outlet boxea with adjustable grills
projeoting beyond the tummel wall, Thes outlots were arranged so as
to projeot warm air along the length of ths oross tunnels with an
upward blas. :

It wan stated that the ventilation rate intended was three air
changes per hour, but frgm that portion of the installation already
in position, it 414 not sppear that the final arrargement would have
been adequate for this ospasity.

A temporary exhaust fan hed been installed immediately outside
cnse tumel entrance and this fan extracted through black sheet
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inside the main
tal duoting from a point approximately 200 f'¢,

‘;hmal.“ ﬁl axtraotion system had beon operating in oconjunction
with two or three freah air inlet shafts already referred %o in the

description of the temporary heating inatallation,

1+ was stated that the proposal was to provids a soparate
extraotion syatem for welding work in the sheet matal shop, but no

datails wére avallable,

The temporary srrangement bors svery sign of hasty improviaion
and was stated to have been unsatisfactory.

(a) sotr war and Light

The incanirg power mupply was roceived at high tenalon from the
grid system and mglfomnd on site to working voltsges of 380/220,

The main ostles for power and lighting supply in the tunnals wen
run in a central floor duct or altarmatively along the tumnel walls in
epecisl U shaped olips walded to the top of the compressad air main,

Distribution pansla were mountsd on woodsn supports with wooden
surrounds, pending the arrival of metal cabinata,

Ciroult wiring was cloatsd to the walls of the tunnsls .and.in
several instances Tes cormections wears mads diregt off subemains,
These sub-mains were generally oonfined to the high level of the tunnel
and supperted cn straining wires,

It was not possitle to discover any orderly system of eaxrthirg,

The 1lighting in general conaisted of fluorescent tubes in
fittings of conventional patterm, saoch fitting having two tubes
approximately 3 f't., long, the fitiing being spaed at approximately
20 f't. oeftres along the mid ling of the turmal, Metal filament lampy
were interposed with this arrangement and the wattage of these latter
lampa avaraged 200,

(a) Compresssd Alr

The main air compressors for the tunnelling operations together
with main water pumps were located in a speoial charber in the sids
of the tunnel approach. This compressed air unit was provided with
an atmaspherio cooler placed cutside ths chamber,

A number of amaller compressors for production purposes were
inatalled in chombers adjmoent to main tunnels; in th:z instances
all cosling water appeared to Be run to waste, JFrom the machines
::n:d.md, th;:: nau;a::rlitntha & proference for compresscrs of the

tary type ] olent rotariea were t
for the entire inatallation required, parsiiiynat sretintle
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FRODICTION AND LAYOUT

The Langenstein factory was being constructad to produce engine
components for Junkers Jet Propelled Alroraft, and planning was
apparently based on the manufacture of compononts for 1,000 complete
argines per month, The final erglne asgembly was to be carried
out at the Junkers surface faotory at Zittau.

The total superficial srea of the wnrkshop was to be about
775,000 8q.ft, of which 500,000 aqsft. Would have been alloocated to
machining and production proper, the remaining area being for storage
and transit purposes, At the tims of inspection, tunnelling had
extended to about $0% completion.

Production was orly started in April, 1945, and it was intended
to instal some 3,000 machine tools of vhich 210 had peen transferred to
the faotory. Of these 125 had been sited and wired but only a fevw
had been put to work, and these on the firat stege operations for
producing the rotary compressor section of the Jet engine, Ve would
assass that the total labour force required on the two 12 hour shifts
would have been 6,500 and the proportion of German to foreign workers
in the neighbourhood of 1 to 3.

From the amount of the constructional work alreedy carried out,
and the projsctsd work necessary for completio, it 1is considered that
tis probetle layout for transit, storage, workshopa and general
production flow would have been as shown on. Sketoh 2A attached. It
will be noted that for incoming stores a single railway track had
been provided at both entrances (a) and (b) and ‘these 1ines extendad
sbout 350 £t, into the tunnels, In addition to this, separate road
access had been provided at entrence (c); '

With regard to outgoing traffic this was to be catered for by
rosd access at (d) and reil at (8), At tunnel (o), the reilway
track was to be extended practioally throughout the entirs lergth of
this tunnel thus giving a convenient arrangement for outgolng work
fram the workshop galleries,

Internal and inter-bay transport was to be by acoumilator driven
floor trucks,

No 1ifting gear was provided in this factory, end generally the
weight of ocmperients 414 not vemder this pecessary.

No conveyor systems had been installed, but it was clear that
in certain of the workshop galleries, particularly where it waa
intendsd to instal machines of the s lathe and twrret type,
in four lines in a width of sbout 22 ft,, provision of u four ’
1ine overhsad conveyor system would have besn essential for talking
work to and from machines and for removal of swarf, The cpinion Was
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not to e adversely affected

formed that if the production WIv
4 hlike installations imperative,

sxperienss would have rendered suo

Other than for the galleries devoted to the machining of the
compressor housing, which is bulky, there was evidenoe that machins
tools were being sited in such close proximity and in continuous lines
as to cause corgestion and bad working conditions. Nevertheless,
this poaition could to scme extent have been relieved had there been
batter planning, and what is more important, had availability allowed
a ochoice of machine tools ccmpatilfle with the duty required and need-
ing the minimum floor space, This was instanced in the case of the

machining of a compressor rotor disc whioch operation was be
carrisd out on a gep bed lathe having a distance of about h’{‘! between

centres, the work of course being quite local to the headstooks, A4n
eppropriate machine for this work would have been a boring and
surfacing lathe, and the same applies equally to the use of a number
of horizontal Le Pointe broaching machines where the broaching
operations oould have been done on & vertical machine, such as the
German Porst type; it was olear, however, that the latter were not

available, .

Generally, in this partioular factory there sppearsd to have
been undue haste to get in produstion with whatever machines could be
cbtained or transferred from other Junkers factories, and that the
speed to get into production hed over-ridden all other considerations,

The condition of machine tools, with very few exoeptions, oould
cnly be described as fair; in faot same obviously needed overhaul
and/or adjustmant before they oould have been put $o work,

(U) GHON C 021/1322
L ]
oda Name: MAKRELE IT q‘”

This small faotory situated 2 miles south of Halberstadt was
used for the production of components for Junkers ssro engines. It
was situated in old quarries previously used for mushroom oculture.
These had not been enlarged, but had merely been oleaned out and
white washed, before installing the plant, 1t is of imterest as it
shows that all suitable underground workings, however small, vere
used by the Gormans for cover to their industries, 4

DONTRACTY

On visiting the faotory we wore aooorpanied He deke
and Herr Ziegler, both of the Junkers Flugsugbau, b i
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GEQLOGY

The quarries were situated in a masalve fine grained sandstone
of modsrate strength. Dip, horizontal. [his rock stands well without
support, but it is frisble and sheds grains of sand when the surface
is dry, The workings were quite frec of water.

LAYQUT OF PACTORY

A sketch plan of the factory is attached to this rpport. The
floor area was about 9,000 square feet, most of the gallories were
Tm x L m in section.

The entrances were without protection, Thors Wwas one small,
unlined, shaf't for ventilation,

AIR ATTACK
There was no evidenoe of attack,

ENGINEERING SERVIOED
(a) |Heating

Caves Fos, 4 and 2 were heated by means of a simple gravify
hot water system from a small cast-iron sectional boiler, located
in a separats chamber at the rear end of one cave, The boiler was
designed for use with solid fusl and the flue taken vertiocally through
the Tock to the surface above. Heat was distributed by lengtha of
gilled piping at low levels of each cave on one wall only.

Caves 3, 4, 5 and 6 which were of similar formation to 1 and 2
were heated by steam supplicd from a portable loco type boiler sited
in a brick building under the cover of trees and at approximately
450 £¢, distsnce from the caves. Cave 7 had its own boilor and was
heated similarly to caves Nos. 1 and 2,

(v) Ventilatiop

The equipment provided for ventilation purposes was small in
extent, and very rudimentary in charaoter,

The ventilation of the cave containing the boiler relied on
fortuitous air lesksge from the entrance, supplemented by the small
positive flow of air required for mintaining boiler ocombustion,

At the far end of cave No, 2 a vortioal down take shaft had
been surk from ground surface and a propeller fan unit alr
heater fixed at the base in order to drew inm fresh air from above
and to heat it, .I.pmpoﬂl.unnfthalirtnthu.m-lwudm
to the sdjacent cave by means of a small propeller type fan in
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dividing wall,

(¢) Eleotric Power and I4ghting

volts from
The initial powsr supply wad cbtained at 6,000
external souroes, ki A brick built trensformer chanber and lw;rt:h .
room was provided in the entrance to oave ¥o. 4 and one 400 +HaTs
tranaformer was in position and cornacted., A seoond similar trans-
former was standing in the entrance to this cave. Torking voltages

in this factory wers 380/220 volts.

All low tension wiring vas either cleated or fentoonsd from
fuse boards. with no defined layout spparent. Lightirg points
corprised metal £ilament lamps vith enamelled iron reflectors for the
general lighting, supplemsnted by Jooal lights on or NSAT machines,

The sleotrical installation generally resembled that which is
experienced on sorks of a very temporary charaoter,

(ll] lelﬂ Air

No ocmpressed air plant Tas installed at this faotory.
FPRODUCTION AND LAYOUT ‘

This was a small factory of about 9,000 8q.ft, workshop area
which had been adaptad from a meriss of existing caves, previoudly
used for mushroom oultivation. The produotion updarteken was detadl
parts for Junkers alroraft (not engine ocmponents). No produotion
figures can be given but the faatory was fully equipped with machine
tools and no doubt had been Working up to the cessation'of hoatilities,
Total mmber of pecple employed was about 200 workers (two shifts),
of vhich scme were foreign = sald to be volunteers, It was
olear from samples of Work seen and irformation obtained that at the
time the machine tools were installed, neither the quantity nor the
types of work had been defined. * This was inatanced by the fact that
there Was a preponderance of stondard screwoutting lathes ranging
from 6" to 10" centres, and having distances between centres from
31 ¢5 6', Thy opinion was formed that for the production saotually
ssen the output on turning cperations could have been inoreased over

the same floor area by scme 300% had cspstan lathss been inatalled
inatead of so many osntre lathes,

The gensral layout and spsoing of ths machine tools was good.
The principle adopted was to segregate the machine tocls acoording
to type into the individual caves, and in cne cave 13 milling machines
ranging from No. 1 to No. 3 sizes were instslled in two lines with

inolined formation, thus giving the best use of the area withoud
undus congestion.
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All extermal transport wvos aﬂ‘unnd by lorry.snd internal
transit carided out by Hand. The latfer did not cayse any diffioul ty
gince the compencnts manufaotured vere of & 1light nature,

Both the class and conddtion of machine tools was goode Each
machine tool was grouted up and bolted down as the gonersl floor' area
had not been made up, It was .ndsrstood that machine tools were
first moved intn thess oaves from the Junkers faotory at Halberstadt
during March, 1944, The rosults obtained were stated to have
besn good and the nbvious reason beirg that this partioular faotory
had by reascn of its earlier start a better olass of labour than
that being provided in the majority of other faotories inspected
on this tour, The cave walls and roof had been whitewashed and thexe
was no evidenos that dust or grit had affected any of the machins tools,

© pEEAE.. B
Coda Nama " w

Like Makrele II this factory was situated in old undarground
quarries sbout 2 miles south of the town of Halberstadi, Hotwever
unlike Makrels II ths workings had besn considsrsbly enlarged as oan
te seen from the plan Pigeih., and the originsl quarries marely
formed an entrsnoe, Conatruation startsd in Maroh, 1544, and

tion atarted in December, 19uks The factory ceassd production

in April, 1945,

Durirg oonstruction the peak lsbour forve consisted of 260 men
divided ints 2 shifts, all were French priscners of Var and were said
b have Deen pald 50 $o 55 marks per weak, o detailed infommtion
was obtainable on oosts or progress,

The party visiting the faotory were sccompanisd ty Herr
Redeker and Herr Zibdgler of the Junkers Flugsug bau,

GEOLOGY AND GITE INVESTIGATION]

All workings were in a fine grainsd, friable sandstone, lying
horigontally with massive jointing. A mumber of oore borings of
12" dismeter had been put down on tha site to m depth of 120 feet,
No water was seen in tha galleries. '

LAYOUT OF FACTOR
A aketch plan is attached to this report (Pig.3), A1
18451, 33



galleries were 7 m, wide and 4,5 to 5 m. highs The tﬂm flﬂnr area
was 70,000 aq.ft. Details of cover are given in appen .

LINING AND SUPPORT

Throughout most of the workings no lining was used, the
nnndltnneu:% the walla and roof being merely whitewashed. “Thare
roof falls had nccurred as was the oase at ssveral interseotions of

galleries a reinforced concrete arch had been ereoted.

ENTRANCES

As oan be seen on Drawing No. 34 the two main longitudinal

galleries were driven from the cld champignon cave. The two entrances
to the cave wers without protection (Photo. No.12) but obvicusly this
form of entrance would give considsrable protection against blast,

SHAFTS

There was one ventilating shaft, and this was provided with a
simple form of concrete protection (Photo. No,13). The shaft was

unlined,

WATER BUFPLY

There was a small reservoir on the top of the hill and this was
cormeoted with ths town supply. :

EXCAVATION

A pilot treading driven by drilling and blasting and then opened
up to the finished sise by trimming with pneumatio ploks. This method
provented overbreak and by reducing the siza of blasts mads falls of
roof less likely,

Filot headings were driven with small hand=held Ju.ukh-u-‘ g
using 1" diameter round steel with square shanks and chisel bits l'I:I..'I.
:.ruiﬁi:fam done dry, Spoil was removed in § 0.y capacity, !'0‘

al Ons d '

AIR_ATTACK

There wvas no direct air attack, but bombs aimed at the adjacent

air,field fell in the faotory area, These
bmte.” (s Amn!!:l.: T are sald to have dome no

ENCINEERTNG SERVICES
(0)  Hoatirg

The heating medium used was steam at a prossure of approximately
18054, 3o



7 1bs. per square inch gauge, generated by three coal fired bollers
of the cast-iron secticnal type installed und:rground,

_ Fuel was dclivered to the factory by lorry, and dropped from
surface level into an underground bunker adjacent to the Boller House
its floor being level with the boller tops, Coal was then Wheeled
bty hand barrows over the tnp of the boilers and fed through top firing
doora.

Each boiler ias fitted with an autcmatic damper ocntrol on the
ash pit, and the normal pressure gauge. Ko rellef valves were
provided, but safety precautions were afforded by means of a syphon
arrangement takon off' tho tep of the main ateam heoader whereby any
excess of steam preasure depressed the water in the syphon and cpenad
the headsr to atmosphare,

The toiler flus discharged into a vertioal shaft rising
approximately 70 feet to the surface,

The steam oircuit was a closed one, With gravity condensate
return.

(b) Ventilation

Ventilation was provided by means of &ne cased centrifugal fan
vhioh pulled fresh air down from the surface through a cement lined
vertioal intake shaft and diacharged it through a hoater battery inte
one of the main tunnels at a single point. There was no duoting of
any sort provided for distribution in the workings. It did not sppear
from the arrangement seon that it had been intended to add any systam
of duoting for the distribution of air and the heat, and no mechaniocal
extraction of air existed nor was apparently to be provided,

The air supplied to the workings was allowed to escape from
ths entrances and from a number of small vertical shafts approximately
12" diameter rising from the twrnels to the surface,

Texporary heating equipment comprising unit alr heaters had
ntly besn used in soveral galleries before the installation of

sppare
the main mystem and these heaters were atill in position at the time
of the inspection.

Interrogation disclosed that it was intended %o instal a
separave axtraction syatem for dsaling with the fumes from chemioal
treatment baths, This t sited in a separate chasber was to be
vented bty means of an duot with fan extrection to the
entrance of the main tunnel and thensce to atmosphere by means of a
vartical brick shaft.

At the time of the inspection, i,e. without the cpsration of
1840, 5



the ventilating plant, the following conditions were notedi-

Outsids dry buld temperature = 6?"; 4
ﬂﬂ [ | L -
I“.Eh wat | L - 53“"

tion was
The tumel atmosphere was very humid and condsnaa
evident on the rock walls and on all machines,

(o) Tlectrio Power and Lighting

Eleotrio power was obtained at high tension from the grid system
and tnmrnmd.?:n working veltages of 380/220 by mesns of a 500 KVA
transformer, The main cables from the awltch room were oonveyed in a
floor trenoh along the main tunnels and rose to distribution boards
on the walls, Circuit wiring was suspsnded by means of aleat
insulators fixed to short lengths of flat iron grouted in to walls and
roofs. All circult wiring gave the impreasion of having been
installed in a very temporary marmsrs

The lighting distribution was of a very ordinary standard, and
it is presumed that the general illumination would have been supple—
mented by local machins lights.

(d) Compressed Alr
Two chambers had been allocated for the air ocmpressors
required for production purposes, In these chambsrs no slon

was noted for the re=circulation of oompressor' cooling watter and
it is presumed that it was the intention of all such water to run to
waste,

A further compressor house had been operating at the main
tunnel entrance having been mainly used for the provision of alr
for excavation work, In this instance an atmospheric water oooling
toser had been sited outside the entrance to the tumnel,

General Ocnolusions

The ventilation was rudimentary in oharsoter and the equipment
dssoribed could hardly be sxpected to have given satisfactory results,
owing to the ste absence of any oontrol over the dlstribution
of air and heat hout the turmel network,

The servioe installations generally left an sgion that
work had been rushed through in order to get started aa
soon a8 the various tunnel seoticns were ocompleted,
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Makrole 1 ias toing esnatrusted t. produce fuselages for Junkors
162, and wings for Junkers B8 aircraft, but no relieble figurea of
the planned’output could be obtained nn site. The projected area
of this factory was about 70,000 sq.f%. thus giving an area of about
40,000 mg.ft. for worksnop use with the remaining area for storage and
transit purpcses, Approximately 100 machines had been sited and put
to work in this faotory, but it is considered that a further 150
machines wpuld have been added in duc oocurse. It is estimated that
thds factory, whert comploted, would have employed about 500 to 600
people per shift, at lcast half of vhom vould have beon fomsle. These
figures do not teke into aceount the further factory extension which
wvas undsrstood to be econtemplated,

All access to Makrele I was by lorry, with internal bay to bay
transport bty means of battery driven truaoks, Both the transit and
E:untinn galleriea ware spproximatoly 7 metrea wide and 5 metres

1 ]

The general allooaticn of areas, and the flow of work in this
factory ia indicated on the attached plan. The plant installed
ocmprised essentially shest metal working machines inoluding
Straightening Rolls, Spot Woldara, Guillotinas, Preas Brakes and
Forming Fresses, The Press Brake seotion comprised 5 machinea
ranging from 1 metre to 5 matres capaocity whioch were of first olass
ranufacture (Pela), and in new condition. Bpot Velders were also
new and tho lnmn.{ oondition of all the plant was good. The genoral
layout, having regard to oconvenience for handlinrg shest metal work,
was also oonaidered to be good,

Maohine tools in the main had been transferred from the Junkers
surfaoe faotory at Halberstadt, this being effecied over a pericd
from the end of August, 1944.

Adjacent to the main faotory, 100 metres distant, a number of
natural caves had been adspted for sheet metal work and welding, and
in ohe, a sand btlast oabinet had been installed and conveniently sited
80 a8 to exhsust the atmosphere, In this partioular portion of the
faotory, mainly dus to the use of a mmber of existing small oaves,

_ of the oaves used for outting plate
and small mt:l.uld.: slat conveyor had been introduced to overcome
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Jdtenbauna, in a

T t 1ists stated that this factory was at al ’
ood bu:ﬁ: tha Honschel Lohwerke faotory, but on visiting the sits
ne trace of underground workings could be found, Otto Alfred Eichler
proviously parsonnel manager, and Herr Strohm, previoualy nhia:m
electrician to the Lohwerke factory, and both now employed by
U.S. oooupatiop foroes were interrogated and stated that undarground
acoammodation been under construction at Elben, a amall village
L km. south of Naumberg and 15 km. wost of Altenbauna,

Tith ths ald of Harr Strohm the aite was loocated and a rough
survey mads of the workirngs (Pigelun) s

Turmelling work is saild to have started early in 134) and to
have bsen about 50% complete by March, 1945. The cover of sandstone
varied betwesn 35 m, and 107 m.

Contraota & References,

Herr Flchler
Herr 8trohm, both of the Henschel, Lehwerke faatory at
Al tentauna,

The Tiefbau Berufsgencssenschaft, Berlin, Wilmersdort,
Babelsberger Strasse, 16, were conocsrnad with some aspesots of the
works Ve were informed that work was taken cver by the Todt
organisation after a contractor had falled to make sufficisnt progreass.

Geglogy & 81te Investigations

The faotory was situated bensath an escarpment of sandstone,
heavily wooded and rising sbruptly from ths flood plain of a miall
river, No signs of site investigation were seen, but little time was
available to search the woods for boreholaea,

The tunnels were all driven in s medium to coarse graihed sand-
‘atone to the west at 42°  Near the entrances the sandstons
was massive, but as the tumnels were driven sastwards into it the dip
of the beds exposed more thinly bedded sandstonas with olay partings
ard in these rook falls were frequent, 4 notioe at the entrance
to the works “Helft allo mit Unfalle verbuten", "All should help to
avoid roak falls" suggests that these woru a ssrious darger,

Layout of Magtory

As shown by the attached plan, the faoto oommo
type with a rectilinesr pa.ttumpit &mlh FRNcl He ’
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Linint and Supp:rt

The @nnstructi-n of linirg had been in progress at several
peints, but it is imp:ssicle tn say whether the intention was to line
the galleries through-ut, The type adipted was a fire ring brick
arch, with randsm £i1ling behind it where ~verbreak made this necessary.
Timper centerimg of ~rthrd: pattern was in uae,

iranoes

Wiork had started from the portal tn a amall tunnel evidently of
gonsidarable age intended frr farm atorage but one new entrance '“as
comple ted.

This was protected by masonry retaining walls but doors and
blast walls had not been built, nor vas there any provision for them.

Excavation

As slsewhere hand held alr irills eand pneumatic picks were
used, Loading was done by means of light compressed air machines
of the Baltzgitter pattern.

Alr Attack
There was no evidence of air attack on this site.

Misoellanecus

The moat striking feature of this site was the extreme care
taken over camouflage (Photograph 1'me 14). All buildings were hidden
bensath the trees, Only the spoil dump was exposed and thia was
ooversd with snil dug shead of the advanocing tip and transportsd on to
1t by a portable belt conveyor. Soil spreading kept pace with rock
tipping and the inolined faoe of the dump vmm covered With branches,
These measures vere apparently effective as the site was not montioned
oh the targel list, ;

Enganeoring Services

This factory was under construotion and no vork on the services
had been commenced beyond temporary lighting and ths provision of
compressed air for tho tumel excavations, i '

Interrogation indicated that the heating of the tunnels was to
be effected by means of a low presaure stassm cast-iron seotional
boiler, feeding a pipc heating system whioh was suggestad as being
the proposed method of heat distribution. The Boiler House was
to be looated inside one of the entrances with a flue taken through
to the surface above,

1844, 3%



Uptake shafts with 12" diameter sheet steel linings were to be
used to give s natural gravity syatem of ventilation.

" The full extent of these workings was to be comparatively amall,
and this system of heating and ventilation would probably have proved
sdequate, provided sufficient provision had been made at the ftunnel
entrance for heating the outside air drawm into the workings by the

chimney effect of the gravity exhaust shafts,

tion ut

This fectory was only tly construoted tut i1t had beeh planned
to produce :leta;ﬂ for the Hﬁnhul aero engins; the assembly and
testing was to have been carried out at the Hanschel surfaoe factory,
Altenbauna, At the time of inspeoticn only 60,000 mq.ft. of
production area had been tunnelled with the floors partly prepared,

It was antioipated that the ultimate area would have been in the
neighbourhood of 120,000 8q.ft. No machins tools had been delivered
to site and it was understood that these would have been obtained fram
the various Henschel dispersal works, This dispersal was the reslt
of bombing attacks on the Altenbauna works. It is estimated that some
500 machins tools would have been inatalled and a labour foroe of about

550/600 per shift required for this produstion,

The ﬂ'ﬂl‘klhO{ bays had been conatructed to a width of about 15' to
17" and a though this was not as wide as most of the other major
faotories visited, we would assume that there would have been no undue
congestion due to the fact that machines would no doubt have been sited
in two rows per tunnel. Battery driven trucks would have been used -
for internal transport,

On the quastion of external transport the existing road scocess
waa poor] this, however, could have been mede good, but it was doubtful
whothar it would have been used to any great extent for conveying partas
to the Henschel ‘Altenbauna works owing to the shortage of oil far diesel
lorriess It was clear that a railvay cormection had besn projeoted
whoreby they could link up this factory direat to the Al tenbauna works,
which inoidantally was mome 20 kilomoires distance,

The work flow would have approximated to that indicated on sketch
attached,
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(F) fﬁg c21/1325

20 i HS IV. 022/1224

031/2005

Those workings drivon from onhyiarite juarrles 'n the oast face
of the Kalkbery, about 1 mile north west o Ostersde werc started in
Octcber 1944, and by april 1945 had rcached the stage shovm on the
attached plan, (Fig.5A.). No machinery had been instslled ard plant
delivercd tn the site was to be returmed to Hamburg by order of the
Military Covornmont,

Dachs IV wpa intended to replace the Hamburg vmrks of the
Shel=Rhananie=0ssag “hioh had Leon destroyed by air attacks The
faotory was demigned by tho technical staff of thia company vorking
viith & consulting geclegist, Professor Schricl, of Gottingen Univeraity
and with enginecrs of the Deutache Dergverks-und Hattonbaugosellachaf't:
myb,H, Heiningch-Osternde, The tunncls were constructed by the
Grogsdeutsche Schachtbau-und Tiefbohrge ssll schaft m.b,H., of
Stadtoldendorf, Kreis Holamindon,

ontracts

The following ere interrogated:=-

Grossdeutschs Schachtbau=und Tiefbohrge sell schaft m.b.H,
Herr Bahr
Hoxr Budde
Herr Hanke

Deutachs Bergwerks-und Huttenbaugescllachaft m.b.H.
Horr Hainme

Shal-Rhenania~Ossag.
Herr Hagel
Berr lubinake
Herr Koberger
It is probeble that oomplete details of the plant and much

data on conatruotion could be obtained from the firms mentioned above,
and from Professor Sohrisl.

& 8ite

The geology of the elte was inmvestigated before the commencement
of work by Dr, Schriel and the upper mntace of the anhydrite
daterminad,

As can be seen from the geologiocal seation attachod to this
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ts of a massive deposit of
AT {Fi.g.SB] ey OWL.:tli:l upper surface the anhydrite

haa ut:iuﬂﬁlﬁ.g to a depth of not less than 20 metires, (FPig.58)

drite, and for
workings were cntirely confined to the anhy 2
lni'-rtyﬂ::ru m::g carried ¥ithin 10 metres of the estimated underaide

of the gypsum.

annydri k for tunnclling
Tho to appecrs to be an almost ideal roo
as it is not s5 hard E to make cxcavation diffioylt, but being

without
hom ous and stalline in structure it stands well
ltlp;g:tn? Cnly E fall of roof was seen and Wo Were informed that

no lining had been oonsidered neceasary.

Tt was intended to put in concrato floors and a 6" concrete
pump was on the site for this purpose and for machinery foundationa,

Scme water entered the workings near the tunnel portals, but
on the whole thoy were guite dry,

Layout of Faotory

Tho factory was to consist of 15 parallol tunnels 20 metres
apart and abnut 220 metres long,-driven at right angles to the quarry
face and oonnected at the far end by a railway tunpel, and at their
mid=points by a transverse tunnel. The plan attached to this report
showa the work as planned and as carried out to date (Fig.5A.)

A feature of the proposed working is their groat size mome of
which™were to be over 100 feet in height, These chambers wWere to be
ventilated by inclined shafts emerg in the face of the quarry and
there proteoted with concrete (Fig,5D,) Full details of them are
given in Pigures vhich give a olear pioturc of tha size and intricacy
of the workings nccessary to house refinery plant, The elaborate
sysatem of ventilation shafts was required to prevent tcmperatures in
eicosa of 68°F, above which point mpek falls were found to ooour,

Progress of Cnnatmctign

A detalled programme of construction vas obtained and copy of
it is attached to this report (Fig.5%.); it is a documont of groat
interest. In fact, the Allicd air attack on transport made it
impnssible t5 adhere to this programme, ‘lork was started in Cotober,
1944 and by March, 1945, out of the total cstimated axcavation of
230,163 cem. {aglid} only 40,000 cem. had boen dono, with a floor
arca of 8,000 m“. Herr Hanke stated that in the pilot headings

Whioh were 4.6 m, wide and L,0 m. high the usual advanoce was 3 motres
in 24 hours,
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Three feh-ur ahifts @ re worked un lCrgrounds

B o _End_nr Month Average for lionth
Ootnber 1944 14,0 20 ‘E-
I'mvembar 1944, 320 280
Decamber 154k 160 160 5
January 1945 500 500 o
Tobruary 1945 860 650 g
larch 1945 1,000 850 £

—_—

The statement nbout the number of foreignera cmployed, may be
inoorrect as there was a large conoentration camp on the aite, The
Gormans when interrogated cn labour conditions gave evasive anavers,
saying that all labour wWas controlled by sub=pontractors and that thay

were not familiar with the rates of pay. ;

L]

Casts

COST DATA

The following details were given by [lerr Dahr of the
Grossdsutsche Bohachtbau.

Contractors price for axcavation 25 R = ou, 1L
Latimated Tntal cost of ifining 8,000,000 R.lM.
Vork, excluding sir Shafts
Cost of Verk completed to date 2,200,00C R.IL .
Zxcavation

The method adapted was to drive a pllot heading L6 motres wids,
and 4,0 metres high along the line of each tunnel, and from this, the
ohambers were broken sut as required, The very high chambers such as
those on Tunnel No, 7 were incomplets, but a start had been mads and
the method in use oould bo studisd. In Tunmel No, 7 two raises wore
put up, one at each end of the chamber and to its full height, The
raises were vartical with a cross-seotion of about 12'=0" x 6'=0"
divided by a timber bulk head into a ladder way and a ochute for rock,
\Mhon completed theme raises were conneoted at the top, ty a hoading
along the line of the chamber and exoavation to the finished dimonsions
procecded from the top dowmwards, The spoil fram exoavation
being tipped into the chuteos and dravm off into wagona through gates
built in the lower heading.
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Drill:_l,m and Elutgg
resped air rock drills of

ories visited, comp
As in all the faetorie I In the pilot tunncls

the hand held " jack hammer” type wero used.
60 holes ware &iulﬂ. per round, These were about 12 fect long, and
a break of 3 metres per round was usual,

The numbsr of men to a heading on each shift was 10, of theas
six were drilling and are said to have been German, with four foreign

worksrs to operate the mechanical loadors.

The usual advance was one round of 3 matres in 2L hours.
Owing to the hardness of the rock 60% of the. time was spent in drillirg,

In blasting the consumption of explosive 1s said to have been
2 kg, per hole, or 120 kg, per round, which is equivalent to 2.17 kg.

per ou,m. of rock broken,

Loading & Transport

Loading appears to have been wholly mechanicel and no less than
14 compressed air shovels (Saltsgitter Lader) were found on the mite,
and we Were informed that others had been removed by the 1ilitary
Government for-use in the ocal mines of the Ruhr, In addition to
these there were four bucket excavators of a amaller pattern,
(Schrapper Lader) and two large drag bucket loaders of the typs usually
knotm as "slushers", _

Steam locomotives of 1 m, gauge Were used in the tunnels, and all

spoil was d.t:n'pe'd. near the tunnel pertals without attempt at qamouflage.
Presumably it was thought that the normal cperations of quarrying
anhiydrite would misk the underground cperatioms,

Shafty

All shaf'ts were to be lined vith brick vhere traversing
dolomite and gypsum, but 7ere to be unlined in the anhvdrite.

Tatar Supply

No details of water supply could be cbtained except that it

vas to be brought some distance main
iy by y and wuld consequently be

Entrmuu

Apparesntly no form of protection had :
o 5 T o been planned for the
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Thers was no evidence of alr attack, though the railwey at

Ostersde had besn bambed,
Engineering Services

Those workings were under construction and very 1ittle had been

achisved in respect of plant and service installations other than to
site the main transformers, and twn air compressors,

(a)

(v)

(o)

()

18444

The follnwing information was cbtained from interrcgationi=-

Heating

In view of tho nature of the operatinng to be carried
out in this faoteory, i,e. oil refining, no proviaion ‘as
intended for faotory hcating, nor was it nacessary.

Ventilation

Due %o the extent nf the top cover over these workings
it was anticipated that succeasful ventilation would be
achisved by a series of uptake shafts rising towards the oliff
faoe, High temperatures were anticipated in the plant located
in the tall chambers and these would have induced a good
ohimney draught cffeot,

If this natural ventilation scheme had not proved satis-
factory It was then proposed to inatal extraction fans in the
rising shafts,

ag h

The incoming electric pewer supply was at 16,000 volts and
was transformed to 5,250 for large motors, and to 380/220 wolts
{:r mil motors and lighting, No generation on site was

Compressed Air

Cempressed air was to be supplisd fram one compressor
station sited in a cormedting tunnel as shown in drawing No,
attached, Two machines had already been inatalled, one of the
retary type and one of the rweiprocating type, and these
rachines provided compressed air at 6 atmospheres pressure,
The compressed air was to be used initially for oonstruotional

purposes, but would ultimately have been required for handling
oils in ;:ha production plant, 2

L3e



(e) Pricess Stean
Steam toilers were to be inatalled undergrn'lﬂd but d::‘:;d
was expressed regarding the warking pﬂlluﬂ-f k- ::;E:I#. p
however, that this preasure wnuld have been o i
250 t- 300 1bs. per square inch for nil refinery work.

Productinn and Layout

Astersde was one of the underground sites ohnsen for the general
dispersal of the Shell whenania Ozspg ~il refinery from le‘bursll
(Hamburg). -t the time of vislt construotisonal work on tumnelling was
incomplete and although a few ltems nf plant had been delivered to site
no erection had been carried out. The plant vas planned to desl with
r=fining »f ~ils for aerc engincs and alao for the production of tenzine,
It was understood that crude oils were to be supplied from the Easiern
Flelds and from Hydmgenation plants, The ultimate capaocity of the
plant was given es 72,000 metric tons of crude oil per year, but this
infnrmation was ebtained by interrngation and not considered tno

mliable,

It was considered that a total labour foroo of sbout 1,200
amplayees would have been necessary %o nperate the plant on a three
shift basis and the personnsl would have been mainly German specialists
in nil refinery verk,

The areas that were to be alloeated tn the various refining
vperntions ore shown cn the attached ske tca,

The main tunnel (AB) was to be provided with a double track rail-
way and used for both incoming and outgoing tank waggons, Apart from
the small amount of buffer storage necessary for the various production
stages, no provision had been made for either internal or external btulk
storage, It would appear that refining would heve besn dspendent upon
the supplies held in the tanker waggons, and while this may have
restrictod the total quantity held at any one time it had the advantage
that the Working storage was in the most pratected part of the faotory.

Details of the plant and the equipment ultimately to be inatalled
were not available, but it was wndsratood that a complete undarground
plant and similar to the planning at Ostercds was id prod&wtion at
Zement, Ebensis, b/attrang-Puchheim, Austria, It was also undsretood
that all technical information on the Ostercds project is with Herr
Hagel of the Shsl Rhenania, Ossag, Harburg,.



(G) DA =\ RS NRY 021/1326
Situated teneath the Regonstein, near Elankenberg. @

oM
Thias new faotery had been -~ooupled Ly the firm of Se 3 er and
Budenburg, manufacturers nf valves, gaugea etc, Work was stated on
the tunnels in ey, 19LL and abandoned in liarch, 1945, lio details of
progress or labour cnuld bp nbtained but it was stated, by Herr
Plattner, that the sum of 5,000,000 iL.l{. had been expended,

The labour is said to have been 50% German, and ths remxinder
Poles, Belgiana, French and Italians, mostly from conocentration ocamps.

Contraots ond References

lierr Flatter, previsusly in charge of labour and Herr Holman,
Kemmandant of Labour were interrogated, Additional informution might
be obtained from Herr Dann, said to be as Easen, and Herr Uorjan, said
to have been ilmprisoned bty the Military Government, Bdth were pre-
vioualy employees of Schaffer and Budanberg.

Geology

All gelleries were driven in sandstons of mediuam strength,
somewhat harder and firmer than thas at Langensteird. This rock stood
unsupported in elliptioal arches of up toe 8 m, span, The workings
were quite dry except at the entrances, No falls of roof were
observed but tamporary supporta were used in places,

Layout of Faotory

A compass survey of the faotory is attached to this report,
All main longitudinal and cross gelleries were 8 m, wide and 6 m, high
with an eliptical arched roof, Transverse galleries did not form
orossings with the main gallery, thise on one side being staggered
with those on the other, At interssoticns the rock was trimmed to a
vaulted section. The amaller galleriess were 3 ms x 3 m: in seotion
with arched roof.

Lining and Support

Throughout most of the vorkirgs the surface was sprayed with
cemant grout, Four types of lining were used in places,

(a) A lining of unreinforoed ooncrete to a height of
5 m, above floor level only.

(b) A oomplete liming of unreinforced conorete,
() An arch of precast conarete blocks,
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‘(d} A polygorral {rame of timber vedgos intn place,

Entrances
The entranoces wore without prntection, or any other features
of intereat,
¥gber Supply
Tiater was obtained from a tube well and a reservoir on an
ad jacent hill,

Sowago

A gravity system was partly installed, but no information was
obtained as to disposal,

Excavation

No details of the msthods of excavation ocould be obtained,
Spoil was loaded by a compressed air "Schrapplader” manufsotured by
Schnidt, Kranz u. Co, of Nordhausen,

ir At
There Wwere no signs of air attack on the faotory,

Enaireerirg Services
(a) Heating

Tho heating medium was moocelerated low prespure water
gererated in four oaat-iron sootional boilers, These boilers
wore agoammodated in an independent building outside the main
tumel entrance and were of the cocal fired type.

The heating medium was to have been commected to a mmber

of frosh air heaters in the wariirgs but only
heaters had been installed, ’ Pl Mivee

(b)  Ventilaticn

Ventilation equipment was inatalled in the wati-
shop tunnel which had been ql.u:gl and-put into prngﬂ.ou.

104 A,



The nett worksh-p lergth ~f thia tunnel was 500 ft ana
the capaolty about 160,000 cubic feet, It is considered.that
the veniilati-n plant inatalled was cspable of handling up ©o
approximately 35,000 cubic feet of air per minute, reprasenting
approximately 13 changes of air per hour, This was a high
standard of air change but the very aimplified mamner in vhich
the air was introduced and extracted would cause a degree of
alr mivement which, in normal factory practice, would be regarded
as obJectionable,
There was no evidence tn show whethsr the main tunnel was
to be heated or ventilated but ns plant has been installed
for suoh purpose,

(¢} Hectric Piwer and Lighting

Electrio power was obtained from external sources at
16,000 volts and transformed to working veltages of 380/220 by
means of transformers sited within the workings,

Power distribution and lighting was generally up to
modern standards, and the general lighting provided by means

of metal filament lamps approximately 300 watts, in ordinary
reflector fittings.

Erodustion and Layout

This factory was only in part stage completion, It was intend-
ed to reinstate produotion hitherto carried out at Schaffer and
Puldenberg Works, Magdsburge The production concemed vas mainly
valves for marine and general pover work, including cil treatment
plants, One workshop tumnel only had been completed to the extent
of having machine tools installed and put to work, but thia had only
been sterted up over m very short period, probably not more than a
fortnight. This tunnsl was equipped with three L=spindle Pittler
Autamtios and quite a number of single spindle Automatics, but it
was alear from the mumber of general machine tools deliversd but not
yet sited in position, that other than for castings the faotory would
be mamufagturing valves, and suohlike fittings in their entirety,
The general layout so far completed was good, and the disposition of
ths autcmatios was es shovn on httached sketch, leaving a gangway on
one side of about 3' and on the other 5'., Turther, the tummel had
a protesting wall on either side for a height of sbout 9' in whioh
L diapeter. tubss had baen inserted to facilitate feeding the single
spinfle autos, Without proteoting  walls it would not have been
posaible to have sited the single spindle autos orosswise to the
turmel sinoe the handling of stoak would have oreated dust and grit
by oontact with the virgin tumnel surfece, The conorete protect-
ing walls were also used for supporting the cable racks,
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de for removal of
Al though there was no special provision ma

swarf, two recesses 6' long x 3' deep, had been provided in the
proteoting wall adjacent to the 5' gangway for the purpose of 'byu.-
passing, which to some extent would have helped tn keep the gangwmy
reasonabls alear, and minimise interference with the feeding of

autos and the removal of work,

At the date when work osased the total mmber of produstion

employees was in the neighbourhood of about 120 spread over two
shifts with a ratio of German to foreign labour of about 1 to 3,
It is considered that the ultimate total labour Force would have been

15200 spread over twn shifts,

The atorsge and siting of ancillary services such as trans-
formers was obviously going tn be effected in a mumber of smaller
tumnels excavated off the main access tunnel, and opposits to the Work-

shop turnels,

Adthough this factory was far from camplete, the opinion was
formed that the general arrangement and layout would have been
reasonably good, end that there should have been no diffioulty in
nbtaining and maintaining a good output, Inter-bay transport would
have been effeoted by eleotric floor truaks, External transport
would have had to be entirely by road, since thers waa mo
evidence of rail access belng providad,

051/2807
This faotory cperated by ths Junkers Flugzeug U Motor Werken

A.G, for the manufacture of airoraft oamponents was si
old workings of a salt mine (potash) which 1s atill p:'m:ﬂgfn e

The aite was not visited and the following inf
supplied by Hr, 8chonborn, Technical Direotor for J&?nﬁnu“

The workings are antered thr h a vertical
in depth and the area devoted to Jmhrm s Was mtm&ﬁ.‘;.m.
:fmuuthu of 8 galleries 10 m, wide, 100 m, long -n& 9 me high
. thuuni:nrumdfardrrmmnh one as an :
plant for Panssr fausts, and ons as & mess mm'rbu. —



shoft was used by Junkers from 6 nu.m. tr 12 and By the minirg
ermpaty from 12 to & p.m,

The plant took 8ix Weeks tn instal underground, this was done
in June and July, 19&li. Jbout 160 machine torls were in use,

The total forece of about BOO wap divided between two 12 hour
shifts and was made Up as fnllows

Garmans 250
Fereign Civilians L0O (men and wmmen)
Priscners nf Var 150

Foreign workers lived in a concentration camp at Ascherslaben,
Food was preparsd on the surface and taken underground,

Exhaust fans in each sectinn delivered to a gallery leading to
the main upcast shaft of tha mine, Temperature varlied between

Power and water were brought in frmm the surface supply.
Sewage was removed by a series of pumps in the upcast shaft,
Although a small factory this site is of interest in that the

Germans thought 1t worth while tc instal plant under oconditions which
must have made work in-sffioient and mest inconvenisnt,

v S, cez/sr
0
UJ1P£1
This faotory was intgnded for the Industrie Xontor G.M.T. who

operated light metal (non-ferrous) works at S8olingen {2,5-00 workers) ’
Wernigerods (4,000 workers) and Oberthale (300 workers),

The Soligen faotory was BOX destroyed by air attack.

Underground work was stated in Ootober 1944, If completed
the faotory would have had 5,000 sq.m. floor space and would have
employed 1,000 men, 50% skilled Cermans, 505 foreign.

Tunnels were in soft sandstons which required & ooncrete
lining,
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tion was

Tha site was not visited and the above informa

obtained from Herr R. Rautenbach and Herr H. Rautenbach, directors
of the Industrie Kontor, and from Herr 8endler of Thale Iromworks,

(J) A/2B,  Donkmal Stollen: Barkhausen 021/1329
Porta lestfalica, near Minden 331

The Denkmal Stnllen was a factory of the multi-storey type
oconatruction in an old freestons quarry on the west wide of the
Woser valley, near Minden, The quarry consisted of a single chamber
absut 90 metres long, 12 metres wide, and {7 metres high, The work
of conversion was ocarried nut dspartmentally by the Government.
There was no additional excavation, but three reinforoed goncrete
floors with acosss stairways were installed, and a concrete blast wall
built at the entrance, Conversinn work is said to have started in the
Adutumn of 1943 and to have been completed in the middle of 1944, No
details of labour, ocsts or progress could be cbtained,

The second and third floors had been ocoupied by "Antrupa" from
Aachen for the manufaoture of "Panzerfsust" camponents y the first
and ground floors were used for the manufacture of ball bearings by the
fim of Dr. Ing. Boshme & Co., Metallwarenfabrik, Minden-Lubbechersti-
rasse,

CONTACTS & REFERENORG

The following Germans were interrogated:-

Horr Roettgen, Assistant Produstion Manager, and
g-:mBo:nannlar, Production Ergineer, for Dr, Ing,
=

The Site is described ini=

Alr Ministry Interpretation Report No, U.19 (Oross Bow)
311,45, Prussian Gecl ical Survey
Hinden 1930 and Memoir 1933, ¢ HoaT. 2016, 1/48,000,

SROLOGY

The arsa is underlain by sedimen rocks c:r Jurss
striking east and west and dippirg to rmrm at about ;;:..‘.

range of hills about 9500 feet high rumning east and abou
20 miles, through whioh the river Weser flows in a 'r::::- :: h'lﬂl': L

the Forta sandstons, It is 4 massive moderately coarse grained
168540, 52,



calcarecus sandstons LO metres thick, in the outorop of whioh
underground fresstone quarries have been wnrked on both sides nf the

Rape
The Porta Sandstone is overlain by clay shalea, the mo oalled,
Ornatentone, ard i3 undarlain by the Cornbrash, which ware seecn in

the rallway acoess tunnel t- Dachs I on the opposite side of the
valley oonsists of thinly bedded limeatone.

In the Denkmal Stollen there ere no signs of mok falls, btut
it vas nbssrved that the roof of the gallery near the entrance was
in an unsafe oondlition,

LAYOUT OF PACTORY

Flans of the faotory are attached to thils report,
(Figs. 7A & T7B),

LINDVG & SUFFORT

On the ground floor a oonorete wall 41 metre high and 9" thick
was formed against the side of the gallery, the top of this was dished
to form a channel for moisture running dowm fraom above, Elesowhero
the natural rock was whitowashed,

A ceiling of wall=board and timber vms built bensath the rnof
of the quarry,

ENTRAICE
A blast wall nf oconorete 1,3 m. thick was conastructed at the
entrance to the quairy. (Phntograph No, 20). There wWas a main

antranoe on the ground floor with openings at each storey for handling
materials,

VATER BUSELL

Water from the munioclpal supply was pumped to two mhall storsge
tanks negr the faotory.

v Bewage was water-bormes, and discharged ocrude into the River
alar,

ALR_ATTATK
There wWere no Aigna aof air attack on this faoctory.
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ENGIINEERING STRVICES

(&

(b)

18444

Heating

The Bailer House was sxcavated in the oliff face near the
nain fact-ry entrance, and containsd three cast=iron seotional

1w pressure steam bollers,

The steam generated was taken to an air heatsar battery used
for the main factory ventilation, a seoond heatsr battery for
storea, and t- several itema of plant requiring proocess steanm,
The ¢nndensate was returned by gravity in a alosed system,

Cake was initially delivered to the faotory by lorry and
subscyuently delivored by narrow gauge railwsy into an outsaide
fuel bunker. From this bunker it was barrowed on to the top
of the brilers and dropped ints top firing doors.

Ventilation

The main factory ventilation camprised a heated fresh air
supply and an extraotinn system, each having a main duot at the
celling level of the 3rd floor, Air deliversd to one of thess
dusts through a heater battery by means of an intake fan of ths
double entxy type, This fan was located in a sealed chamber
and drew air from sutside at the oliff face through a simple
opray washer and horizontal spray eliminator plates. The Water
sprayed in the washsr waa taken from the main water supply and
re jeoted to waste,

It was noted that no valves or thermostatio contr=ls had
besen provided, and the control of alp temperature was effacted
by proportionats bye-pasaing of the air heater as necessary,

1! Belative humidity 58 to €
{i w,w“m@?w,_” P
3) B sir changes per hour

The maintenance of the atated Telative
obviously not possible » ROT nacessary, E thmm

From the main swpply duot at thid 11
and which was construgted in bullding bol-l'::r lrrunhl' levad
di-trihutudtu’chaﬂrimﬂumlvum#m .
in painted shaet metal, snd was discharged through uﬂu



outlets near f1-'r lrvel., On the rpposing walla, vertical
risesrs with inlets at high level of each floor wero taken t-
thé exhaust main trunking, als- made: in building btoanl, at
third floor ceiling level, The discharge dr-ps werce stoggered
in relati-n t> exiraotion risers,

On the third floor near the entrance, an additional
instellation had been provided comprising supply and extract
fana, wvith ducts and a heater bottery foming a simple plenum
heating and extractinn system for the separate chambers ~f'feset
from the main tunnsls,

(o) tric P ht

The main sup vas: taken from a 6,000 valt feedor and
tranaformed to 380/220 volts, ) phase, .The main low tonsion
switohroom was adjacont to the Boiler House and distributisn
cables wore carried on bnards supported from transverse ooncrote
beams by hangers., Very little metal donduit work vas used
exoept for risers passing through floors and in these instancos
protootion was off-rded to a heaight of L!'6™ above floor level,

In general, the lighting oomprieed mstal filament lamps
with enamelled irer industrial type refleotsrs and all eircuit
wiring was carried out in the fomm of surfece oleat work,

No systematic earthing arrangements appeared to have been
providad,

() ¢ ssed .

Compressed air at 6 atmospheres was supplied by two small
vertloal reciprocating compressors, cne for standby, sited on
the ground floor, as shovm in drawing attached. Cooling
water from these compreasors '7as run to wasta,

GTuud air was mainly used for pneumatic chucks for
halding bearing rings for radius turning, and also for clearing
swarf from machines.

ZRODIOTION & LAYOUT

. ‘This faotory comprised four storeys built in the sids of a
hill, Ths grpund and first flaoors had been davnted entirely to
ths production of ball bearings, tho seoond anmd third floors having
been used for the manufacture of a detail for the Pansst Faust
(Bazoocka). Acoess was by door on ths ground floor with mtairways
oconneoting each flonr for employees use.
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For gonds service, an eleotrio 1ift ﬁiﬂio gi.ﬂl’-ﬂ:mﬂw
was installed, serving all flooTs. Additional- to o A mm
had been cut in the firsi, -umﬂnﬁ.ﬁmhﬂnm;pnﬂ:i . opening
vout 6' x 10' with an overhe hand ifting
'E{n;k secured to the roof of the third ﬂﬂur.mTM.l had obviously
been used £or handling of plant of a heavy na ’ plrt:l.mﬂ.uﬂym N
during the period of installation. Internal h?nlportt e
by hand, augmentad where easential with battery driven floor trucks,
and from the factory was by meana of lorry

Ext transport to _
nnl;, the n.pprgmh road being had and having a very steep gradient,

Tt was undarstood that this faotory siarted produstion in
September, 19uL, and it is estimated that the total labour foroe was
about 400/500 spread over two 12 hour shifis. Two thirds of the
labour would have besn foreign workers,

The drawing attached indicates how faotory floors were
arranged, i,e, immediately above each other and also showsthe
formation of the tumnels, All turmels were unlined, the walls

being whitewashed.

Ball Bearing Seotion

The bearings manufaotured were of the non-precision type,
ranging from 5/8" to about 2" dlameter, Although the oamplete
assembly was undertaken at this faotory, the balls were ocbtained
from Schuoinfurt (or elsewhere) and the cages from the parent surface
faoctory at Minden,

With regard t- output, the Production Engineer stated that they
were aiming at 350,000 completed bearings per month, but on further
quastioning he stated that the maximum output reached was 250,000
oampleted bearings per month, He alsn gave a total output
3,000,000 bearings up to the time that the faotory stopped
produoing, but this is considered to be an ssible figure having
regard to the faot that ths faotory had only been produocing for a
period of mix months. Making allowances for the embryo stages our
assossment is more in the neighbourhood of 1/1% million,

No provision had been made within the fao
of bar stock, nther than alaongaids the nmnuﬂrt«u‘“ gm
deliverics of bars were no doubt mads at irregular intervals owirg -
to transport diffioulties, It is not only possible but very 1ikely
that there were times when produstion of cortain simes of bearings
Mtuhhmmﬂ;uueﬁm::talmdnhrm.

411 single and multi-spindle sutomatios we talled on the
ground floor and hminnliuﬂfumﬂmoflh:;?“hﬂlm
lnng!.h.l.d:l.nl-:l. axis of the turmel, thus ziving s olearance on one side
of about 3' and a gangway at the other side of about 5',
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The bearing races were produced from the bar (not forgings)
apd the multi-spindle sutss -oomprised ons 60 m.m., 4=spindle linape
& Vreds, five Pittler L=spindle machines = twn of which were 52 MeMa y
two of 42 mem., and ons 22 mem. capacity, one 6espindle Pittler of
22 mem, ospacity, The single spindle sutos of which there were three,
were 20 Brown & Bharpes, The Hasse & Wreds L=spindle auto vas unduly
heavy and unwieldy for the class of work required, and the opinion
was formed that this machine, owing to its stroke, was ariginally
dssigned for small shell tion. The queation of the absence
of a machine of the rotary swface grinder type vas takon up with
the Produstion Enginesr, who stated that thay had had to resort to
finishing after hardening by lapping operation only; on further
queationing he stated that a Naxos Union rotary surface grinder was
on order, tut although completed at the maker's works, it could not
be delivered owing to transport difficulties,

A swarf breaker and oil extrsotor had been installed and sited
near the tunnel entrance on the ground floor, but as no special
arrargements for the removal of swarf Hﬂ.l‘tﬂ& 1t was oloar that this
oould only have been dons at such times as were convenlent, Swart,
after treatment in the oil extrastor, was removed to a stoak external
tothfuta:yrhnnﬁnﬂqthndhmhkmuf;lhuﬂmnfnﬂ
track laft by the construotional engineers,

In view of the fact that the tumels Were unlined axd the
ventilating system was by bottom inlet and top outlet, the question
of inolusion of dust or gFlt into the machine tosls was discussed and
wo Were assured that they had had no trouble from this source, Thia

Opinion was expressed that having rogard to the formation of
ths tumnals and the type of ventilating systom installed, tha ollmist
arising from the usoc of a large mumber of mlti-spindle automatics
would oreate an unploasant atmosphere, It was claimed, howover, that
this A1ffioulty had been overcoms by the introduction of a decdoriser
into the outting oil wp ta the extont of i, Details of the
Ascdoriser were not available, but this wes known as "Konsotal" and
had been supplied by a Dr. Hammer of Deutcho Casolin, Hamburg.

It was ultimately intended to transfer the produotion of ocages
from firm's surface factory to ¥indon to this underground factory but
thywuﬂaltﬂlhwhmﬂopuﬁmtmlwplyurhdhfmathnr
BOuUrces.

All hardening was by electrio furnaces, and those, together
with their dipping tanks, were installed in scparate chambers offset
to the firet and seoond floor main tunnels.
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Print attached sncws the layout nf.nutismnio machines installed
n the ground fleer for btall bearing production.

Datail frr Panze Faust (Bazooka)

This detail involved the cutting of a tubs, in:;::nn nfl:hﬂ;;%'
welding the plug and then subsequent machining cpera e ;:h. i i
at the time of vipit all machine tnnla':;d hsg mv;r;nn:a?:n

5 e wo
nperztions ware nbvirualy wrglrﬁg]‘h o ortiin of the Tao .

diffioulty, but here in this B
welding rzt’:m had teen partitioned of{ at the blind end of the turmel

- 36! x 22' = and tha
the third floor, and having regard to its area - 36' x
;Euth:nnzin contained fourteen welding booths tauethsir with .'1'?“‘!
rack sited in the centre of the room and which in itse Mumth: an
arca of abeut 18' x 2'6", cpinion was formed that apart from
restriction in space, the atmosphere and working conditions in
this room with all bonths nncupiedlwoulgn have be;nﬂwrif. mmh
articularly having regard to the long howra worked pe »
Euntﬂntinglyin thliE room was on the general principle of bottom inlet
and top extraction, and would not have compensated for the conditions
which would prevail when eperators were working simultanecusly in all
selding booths, .

NTY S in the ‘rminsbe th of } 0%
Cods Famer A0S 1o e touth of Jinden  GEVADM

This factory, a wartime enterprise, was intendsd as a refinery
for the treatment of topped orude oil from the Hanoverian field,
At the time of our visit it was about 90, complete. It is of partio-
ular intereat owing to the size and camplexity of the plant which was
installed underground, as can be seen in photographs Nos, 23 and 25,

The faotory is construocted from underground quarries in the Porta
sandstone, but these were greatly enlarged to accommodate the plant,
Railway mocess to the plant was intended (Photo, No, 1) but was not
completed,

Broavation was started in Maroh 1944, The plamning of
installation was started in August 1944, and installation of plant’
started in Ootober 1944, It is maid that the plant was within six
weeks of completion at ths end of the War] a remarikabls achisvement,
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Contrncta and References

The rollewing vere interregnted: Herr Sehroder, (lutch,
Englisk speaking) previously smployedt by the firm of Fr, ilhde a,G, of
Dortmund, as engineer on plant inatallatlen, new crployed by the
Military Govermment.

Herr Pott, Wining engineer, llanager of the Newerkschal't Poria,
a firm worling iron manes near Haveratadts This ['irm curricd out adl
turmelling work in the Porta Westfallca area.

FPurther irformation will be found ini=

(a) - C.I.U, Roport, ref: U,19 dated Jan, 1945, including
alr photographs, plan and geologloal sectinns,

(b) C.I,0.B. Advance Piell isscsament Report No, A dated
14/15/16 April, 19L5.

(e) Report prepared by C,3. Branch, I Corps District,
dated 29th May, 1945

i.'d) Assossment Report by Commandsr F.G, Sprirger
' TJ-H. i.IV?'l dated 15th lprﬂ, 1945,

(o) Report from 307 P.Mil.Gn.Dot. to 21 Amy Group
(D.P.) C.F.A ™Report on lutricating 0il Refinery,
Dachs I% Ref,307/1724/F/7 55k July, 1945+

It is probable that more detailed information could be obtained
from Herr Schroedsr and Herr Pott, from the staff of the Misburgh
Eut:l.mz Hanover, and details of the Furfurol Extraotion Unlt frem
the 8¢ { Cos, Rocklinghausen who were responsible for its dssign and
cons truotion,

Geology and Site Investigationa

The geology of the district has already been dsscribed in
section J. At Dachs I all workings exoept the railway turmels vere
oorfined to the Porta Sandatone, This .stratum is L0 m. thiok, and dips
to the North at 20° Owing to thia dip the headroam within the
sandstons increascas to tho south and advantage was taken of thid to
sult the laycut of the plant,

We wore informed that no datniled site investigation was
nooessary as the staff of the constructors,, the Gewerkschaft Porta,
had a thorough knovledge of he geclogy of tho distriet,

No falls of roof wero seen in the f'astory arca; but a heavy
Tall was scen in thoe railvay turmel vhare thia traverses the
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"Crontrash®s This tumel was s\pported By steel ribs and timber

1lagilﬂl'
Layout of FaotoXy

# the refinery and of the proposed systen of railway
tumﬂflz: ;hanein this report. Cross saotions are also given,

and the oover against air attack 18 desoribed in Appendiz 1.

Volume of BExcavaticn
Tha completed work amounted to 62,000 ousie

Flonr Area

The total floor area oomple ted Was 4,500 AQaDa

Labour Data

The tstal labour nn the onnstruction of Dachs I and the Adjecent
Harmersrerke tactory including the installation of nflmt,m L.,000 to
i,500; of these 2,000 werc German (mostly oraftemen) the remainder were
civil prisoners 1,100 of Whom came from concentration campsy they
ineluded Russians, French, Pnles, Ttalians and Letts,

matpl labour nn civil engineering work at Dachs I was 450,
1abour on actual tunnslling consisted of 50 men per shift, 3 shifts a
day, made up of miners and concentration camp labourers,

Progress data:

The progress made is diffiolt to arrive at as the work was
carried out in oonjunction with the nine storey Philips faotory
ud Jacent known as Hamrersmerke,

Cost data:

The total enst of structural and installation work at Daohs ¥
and Hammerverke wes 15 million marks, of this 2 million marks
gmrared the oost of undsrground excevation which was mads up as

ollows:

1 Preliminary warks
iz; Excavation of 1st seotion of ﬂﬁ:ﬁg.
Tunnels A.B. & C. 34,000 0.l
(3) Eﬁ?ﬁ?;tinn of 2nd, section of .
8. Extensiocns to A.B. 4 C
# ;.I:“p tin;l 35 20,500 ‘G.H. 384,33, ll-’
vatiod for Boiler Houss 4,000 o.M 224,128,
i5; Dayworks, 3,500 o.M 292':1531 g
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Overhead charges 180,250
Machinery charges and maintenande 70,200
Reocovery of plent and materials 8,000

1,927,770 62

€) Welfare, travellirg expensas, eto. 74,299, 36
B
9

The oontract was based on 58,000 o.M, of excavation at 19 marks
pq'&g.ﬂ. Bpeoial excavation in the boiler house by hand labour,
b u.ll.ltﬁmﬁ:lparmiumtormﬂ}.&mplidltw
rates plus Téf. Herr Pott stated that this returned a natt 0%

Excavatiocn

Tha methods used differed in no way from those already
desoribed mechanical loaders including the Baltsgitter Lader, the
4ghrapper Lader and Belt Oonveyors were used, Herr Pott stated that
the Sohrapper Lader was the most flexible and that maintenance oharges
were heavy cn the Baltsgltter Lader.

The stsel sharpening shop Was well equipped with mechanioal
sharpeners, oil furnaces and sutcomatio tempering davice,

Bpoll was transported by standard gauge looamotives and wagonB,

Lining

The factory turmels were unlined and sprayed with mhitewash,
though in places brick walls Were built to ocarry struotural loads.
The partly construoted railway turmel Wwas 1ined with steel ribs
and woodsn laggings where it treversed thinly bedded limestonss,

8 ts at en of e t Hone

Hone

Bhafts:
wf%ﬁ: Pumped frém river Weaser in addition to tappirg
o0 ol

%Mgﬂ: Linked up With sewsge &lsposal from Phillips
aotory gravitation systen, After treatment discharged into river,



by the cholce st aite,

:44ity with vhich the design and conatrustion

Finally the ra;
nf the w-rk fm u;rr‘iurl qut 18 pnat remarkable,

Engineering Scrvices
(a) Heating

for

In view »f the nature f the proposed produoticn

this faotnry vis. »il refining, nn arrangements had been made
Por heating the ineoming air. The main prohlem obvioualy
was to remeve tha heat resulting from the process cperations,

(b) Process tteam

Ilinh pressure steam was required for process and for
thia pur:!vazr.- twin bn ler houses were under construction inside
the varkings «"th access at road level in the oliff face, The
c-nBtructionul werk £ r these bailer houses wns not suffiolently
advansed t- sult the anticlpated cormencing date for production
gnnsequently rne boiler had already been delivered and erected
terporarily in an ~li quarry olege to the workings, together
with stewm mains and prrvision far picking up the permanant
Bnilor houses when eonpleteds It was intended fto oreot the
see~nd boiler in it8 permancnt beiler house and when in a
ceonditi-n tv neerpt the 1oad, the first boiler vas to be
Uamahtled and peecrceted in its mm permanont boilor house,

The koilera were of water tube type, with sliyglo steam
drum and vator eviled furnace Walls, Tt was stated that the
furn.e iy designcd for byrning crude nil, gas from the Rhur
grii sys'ss, r asphalte, but it was admitted that no
cupericnes anl ¥yt teen gained on the lost named type of fuel,
and it g antielpated that diffieulties would have beon met.
The boil e presyure requirned was 330 lba,/sq.inch although these
partioular bnilers .were capible af developing a pressura of
500 1ta,/sq.inch,

& lime sodi foed water trecetment plant haa pgen erooted
b;;i& the bailer in the quarry, but iglm not olear whethar
this waa t- be duplicated vithin the tunmel workings or tc be
allowed to rematn nutside,

(¢)  Yentilation :

‘For the proposed ventilation of the complets installatd
it \ms intended t> instal ono rin axial ﬂ?"; ;u: (nllu;uz "
duty 5,000 cubia metres per mirute) at the roar of the
tunnel notwork and with the fan chamber so aTTangod as to
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draw air through one half of the workings and to discharge
through the second half,

It was evident that great reliance was being placed nn
the heat given off by the process plant, motors, ete, to keep
the humidity under ocontrol,

Then the faotory was inspectod, a temporary fan was
exhausting to atmosphere near the oliff base, but was guite
inadsquate for maintaining any perceptible air movement,
exoept in the near vioinity of the fan.

Observations taken during the inspsction werc ms follows:=

Dry bulb temperature 57°F
et bult temperature 56°F

Daeper in the Workings thore was complete saturation with
condensaticn everywhere.

(4) FEleotrio Power and Lighting

The eleotrio power supply was cbtained from an sutside
source at 25,000V and two tranaformers each of 2,500 KVA
tranaforming from 25,000V to 6,000V had been instolled, Tvo
additional tranaformers each of 1,000 K.V.A. cepocity had alao
been provided for transforming from 6,000 to LOOV; thesa
transformera werc located insido the workings and were enclnacd
in woll bullt ocubioles vith fan ventilation (inlet at bottam
ard outlet at top),

It was undarstond that this transformer statinn alao
supplied electrio power t+ the Philips factory in the adjacent
workinga at higher levol,

(e) Berviges Generally

The installation of servioes was woll advancod, and
represented in total a tremendsus achiovement in planning,
ereotion and the oco-ordination of tradass,

Eoonomy of space for cables, pipes ate., had becn rigidly
observed and full use has been mado of multi=purposo sorvice
gantries, cantilever supports and verticel box type asaamblios
for erderly distribution of servioes,

Mampive aross bearers at high lovel and spamming the full
width of the chamnpers wers used for the hoavier pipes,
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rurvays had been provided for handling plant
zl::!& the 1::-!“ vessels had been built up in elther

welded or riveted construotion in situ,

ting rapidly
The whole of the installation was deteriora
with the exceasive humidity oondition of ﬂnﬂd: i;' already
cbserved under the section dealing with ventila

Produgtion and Layout

This plant had bean installed underground and was intended to
deal with 350 tons of topped orude oil per day. The installation
within the workirgs was about 90% complete, the remaining 10 of work
yet to be done involved the completion of the internal produsction
storege tanks and general inter-cormection of pipe lines.

Sinos this factory has already been the subjeot of a camprehens
sive report in Subjecti= (Oil Refinery NH/903/5, Reference 307/172./t
dated 29th May, 1945) there ia no need to add further detall,
Nevertheloss, we would express the cpinion that the installing of thiy
plant underground was an engineering feat of no mean order, partiou-
larly since it was essentially standard equipment and not subjected
to any major modifications, For gensral reference we have added a
plan of the workings and indicated thereon the areas allogated to the
variocus refining operantions,

(L) HAMETRIERKE FACTORY, near Hausberg c21/1331
Porta Ve stfalica, linden a
ox

This factory, of the multi-storey type, was conatruoted in
underground quarries on the Enst side of the Weser gap south of
Minden. The quarries were situated in the Porta Sandatone above the
Dachs I Refinery, and had been enlarged by the Gewsrkeschaft Porta to
house the Phillips Radic Valve faotory from Eindhoven, in Holland,

Construational work is said to have startsd in March, 1944 and
to have been ocompleted in September, 194k, Produotion started in
Fﬂml 19"{-5'

Contracts
The following were interrogated:-

Herr Goosens, engineer, Dutch, speaks Erglish.
Herr Pott, mining engineer, manager of the Gewaricomchatt,
18404, 6le . Porta,



Herr Haupt, formerly enginser on plant installaticn,
now custodian of the factory for the Military Governmente.

Goology

The gsolegy of the area has already been described in the
ssotions dealing with Dachs I and Denlomal Stollen, The Hammerwerke
faotory nins storeys high was constructed in the Porta sandstone
(photograph No, 21{ and beinz south of Dachs I was at a higher level
a8 & result of the dip of this stratum as oan be seen in tha
geclogical seotion attached to this report (Fig,8A.) The two
fagtoriss were to have been connected by an intermal shaf t.

Thare was no evidesnos of rock falls in the factory arom.

Lining & Support

The workings Were for the mest part unsupported and the rock
surface only whitewashed., At a few pointa atael Joists and timber
laggings had been used,

Mvgtinn

The 1ittle exoavation done on this site was carried out
similtansously with Dacha I end no separate data was available on
labour, ¢osts or progreas.

Entranpe

The main entrence, on the seventh floor, Was protected by &
blast wall of ccnorete 1.1 metres thick, and was connectod with the
main goad at Hausberg by a funioular railvaye.

Water Bupply

Procesa water was pumped from the River Weser, Tater vas
available from the town supply.

Sewsge was disposed by gravity into the Weser af ter treatment,

Adlr Attaok

Thare was no evidsnce of alr attack on this site,
Zngireering Bervicos

(o) Hoatim

The Boiler House was located on the surface at read
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(v)

level sdjacent to the entrance of tne Forta (Dachs 1)

factory,
The boiler was cf the horisontal type in three

peotions:=

1, Cornish boiler design with corrugated flue,

2. Beotion comprising smoke tubes
3, Bmoke box section,

Steam was taken off the middle seotion, which was
also provided with dsad woight safety ?I.'I.W& and thanoe
proceeds to the super heater seotion loocated round

the orowmn of the smmoks box,

Steam and condenss mains wera taken through the
entrance of tha Daochs I faotory and thenoe Ly means of a
sloping tumnel up to tha ground floor of the Hammerwerke
Faotory and to the varicus stsam heater batteries
asscolated with the ventllation plants,

Vant 11 I.t;gn %

3ix separate plemm extraot systems were ipatalleq,
all of limil“n: charsoter and dealing with the floors in
groups, system draws fresh from, ;i discharges
vitiated air to, the aliff fase, !

Shazber following spray and elinirater

2.  Bingle inlet fan with duct
oomme

Eaoh inlet fan disoharged into a main dsl
4 t
fon:::ltmtad in building boaml, at the nlpuuﬂw“zﬂa&
» &nd vertical metal dusts were taken dowa to floors

&8 roquired wit
each floor lm?' adjustable diacharge cpenings near
66,



(o)

Vertical extracticn ducts with inlets at high level,
as required, were conneoted to a main extraction duct,
alsoc construoted in building board, rurning adjacent to
the oorresponding main fresh air delivery duot, The main
extraotion duct was comneoted to the extraction fan
ohamber and thence to atmosphere, At the time of the
inspection all fans weres running but heater batteriss
and water sprays were out of ocmmission, Condensation
was evident on the lower floors but the general state
of the factory suggests that produotion heat epergy in
conjunotion with the use of ateam heater batteries had
resulted in a reasonable air condition.

Eleotrio Fowsr and Lighting

The eleoiric supply was taken from the sub=atation
at Porta (Dachs I) at 6,000 volts and the high tenbion
cables Were brought up through the service tunnel and
taken to four transformer stations, The voltage was
then transformed from 6,000 volta to 40O volts 3 phase
l wire, each of thess transr'ormers was rated at 800 KVA,

Low tension feeder cables were taken as risers to
motal closed cabinets containing main switches, fuses,
oirouit breakers and relays,

Oiroult wiring was taken at high level and in
gensral was mupported Ly a series of galvanised multi-
strand steel %u which also served as an earthing wire
colleotors, Each steel cable was thoroughly bonded to
the rising watermain,

Drops to machines and table inspection lights were
faken from special metal Jjunotion boxes with porvelain
hmm.l



(d) JFire Proteotion

gorplets with hode resls ware
Fivy Hjewsn e : uﬁ_zgd tos walls and conneoted

in metal cabinets
gog?ghm waterman, Fortable fire extinguishers

wore also providad,

(e) Gas Installatiop

Cas‘for cess work was obtained from the town
supply and thzmmtnllntian followsd conventlonal
ptandards for the olass of work under considsration.

Produgtion and Layout

This factory consisted of nins floors with layout as shown on
tha attachsd print and situated in the sems hill asm the OLl Refinery,
Dachs I, which im the subjeot of a separate report, This factory
was firat put into cperation in February, 1945 when it was intended
to reinstate the production hitherto obtained from Philips Eindhoven
faotory, Holland, A1l plant and squipment, even down to the inspect-
ion benches and stocls, were tranaferred from Einjhoven., Thia
fastory was very impressive in so far that there was ample spacing,
and lighting was partioularly good.

The ultimate production was to have been 12,000 radic valves
per day, but it was asoertained that up to the date of ceaairg
Eaamiau, some 7,000 merviceable valves only hsd been issued, This

no way representa the total number of valves sotually aotured
since 1t was mads clear by the Produotion Enginser (Du that the
' mumber of defectives was conaiderable and this in ths main was dus
%o inclusion of dust at the final assembly stages, It should be

olated that this dust trouble would not be discermible by casusl

o tion, Nevertheless, the question of dust did not axrently
interfers with ths manufacture of component parts nor did it affect
work oarried out in the tool room and maintenance shop, Valls had
been whitewashed but not otherwise treated or lined,

The total labour force spreal over three shifts would have
been 1,200/1,400, the vast majority being famales mainly yourg
31“1'.]: ﬁoﬂ:t fgm concentration camps, Three Were arranged

K= hours, and of 6 hours treak oomirg between
30 aem, a4 7,0 ll.-. o b ‘ be

Production sxrangements were as followsi=

18t floor =  Toolroom and gereral maintenance shop, This

was in firet class condition amply spaced
+ machines were of first o.'l.m'm.

and
inal
sovoral American too:l.nlunhuﬂu"hnm weikse
Millirg machines, This floor also hmdmttl g
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mixing plant required in produstion and was distributed
to the required stations on the other floors by normal
pipe distributing system,

2rd floor = This was essentially devoted to grid relling and all
the requisite plant for this operation had been installed
and its condition was good,

3rd floor = Allocated to component assembly, This floor wes also
used as a main stores for camponent parts.

Lth floor = Mainly for assembly and testing.

5th floor = This was laid cut for the drawing of filament wires
and testing, but it was obviously not yet in full
E;oa:.latinn. A side gallery on this floor was oocoupied
te firm, Carsten of Hamburg, who Were
-gil.:ynnlponlibla for stampirg uut the mica parts
which were subsequently used by Philips in the assembly.

6th floor = Had no defined use at the time of visit, exoept for a
) few offioces and it was understood to have been used as

sleeping quarters,

7th floor = This was the main entrance and exit for the whole
feotory, and contained a certain amount of plant for
preparstion of cathodes mand filaments.

8th floor = Preparation of cathodes and filaments,

9th floor = This was used for offioces and ablution, and had o mmall
exit probably used by staff only,

Acocess for employees to the respective floors was by stalrway,
and for goods, a 1ift 4 x 3 meties and having a oapacity of 5,000
Eligrems was installed to serve floors 1 to 7.

The only external acosss providad to this faotory from the main
road was by means of a funioular railway whioh terminated at the
level of floor 7 and about 200 ft, from the tunnsl entrance.
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AFTENDRX 1

UPDERGROUND PACTORTFS - VULIERABILITY TO AIR ATTACK
JIHTRODUBTION

For suggessf'ul alr bombardment of undsrgreund faotories three
typas of attack sugzest thombelven;

18444,

(1)

(2)

(3

Bombe atriking the surface nver the tunnelled area must
penctrate decp enough for the explosion te bleck or
damsge the tunncls, cither by perforating and explodirg
within the tunnel {u. remote contingency), or by shook
through the intorvening thickness of earth or roak.

For this purposc mediumecased bamba, such as the
Tallboy 12,000 1b,, appear to be suitable sinoe they
represant the best combination of high sectional density
and strength for deep penetration in rock without broaking

up, ftogether with a large charge of ecxplosive for oarthe
shock effeot,

In the casa of deep tunnels, auch as the majority of
those construnted or.adapted by the Germans for use as
fagtories, s high atriking velooity (i.c. bemba released
frem o high level), and dalay fusirg to ensurs that the
bomb comes to rost at or near its maximum penetration
dopth before detonating, are cvidently dssirabtlae,

Bombs dropped to detonate in or nesr entrances in order
to cause Dlast damnge within the galleriea, For this
purpcse lightecased bombs wiih a high charge=woight ratio
and instantancous fusing should give the best reaults,

It should be noted that blast effects within tunnsls
are maoh more sovere, and travel far greater distances, t
than in the open., . Protootion can be provided by very
atrong and specielly designed doora or traverses, or by a
layout embodying special blast traps or pockota in the
acoess tumels (seo Min, of Home Security R1/E. Note 218),

Consequontly straight through tunnels with a system
of short oross gallerles are more vulnerable to blaat
than a diveraified syatem with many turns betweaen the
entrance and the majority of the galleriss,

If the oonditions aro such that nelther (1) nor
(2) ere likely to be succeseful thera is always the
altermative of attacking communications, external
sourges of poseor supply, labour camps in the vioinity,
ota,, and, in tho oase of faotories in doep mines, ths

.



Ieatt f-—a and shafta,

¢t 18 yrebable that method (1) 1o a batter proposition than
(2) 'I:Icgn.unu 311‘ the much btigger target ropresented by ths surface arw,
ovar the twuiel system, provided thnt the overhead aover is not teo
great, But whatcver the clircumstonces thore is always the gproblen
of whether 14 might not be more profitable to interrupt the flow cof
rev matorial and Finishod preoducts by attacking tho commuindsations
rather than the Meetory 1toclf.

A vory important faotor in sucocsaful alr attack on undoxgrount
factories must surely be the adversze effect on tho morale of tho
workers, for to tho naturnl averoion to workirg undarground which is
oxperienced by many people there is added the fesr of teing tropped
or killed in o place which had proviously been considored safe from
bembs,  Sinoo the mornle offqsct 1s probably greater for undorground
than for surface faotories the material damage ahould not be regarded
a8 the sclo yardstick of succeas,

The explosion nf o bamb actunlly within a tunnel im likely ta
cause o loeal emlargement of the tunnel section, but not necessarily
a block - though scvere blast effcota cuusing light materiel such as
doora, partitiona, fumiture, ete,, to be vinlontly diaspleced would
be falt over o wide arca, (eec 5.B.R.M. Report lio, F/1 from R & &,
Princea Risborough an "H.C,L37" = meo paxngreph 8.1,

On tha other hand a Lamb detrnating ln the grousd abeve a turne
vwithin ¢ uarters of' the Radius of Rupture (aee Appendix 1) will
nimoat c ¥ causc u Dlew through resulting in a camplete bleck,

V0 r maxicus structural damage to the tunnol, leading te
the msat feult and lengthy repair work, 14 may ofton bo that it 4
bettor for the bomb to detnnate abeve, or abeve and te a side of n
tunnel than actually within tho turnel;  and sinee the lattor is far
less likely to nceur than thy ormer this ig a Fortuitous cireumstancs

The Lasi® o the asscoomont AT vulnorebility i1s given in appeniy
1, and the rvaults, including opininno en the results whish wnuld haw
attended attack mothnds (2) and (3), an applicd tn the underground
factorics covornd by thig prrty are tobwlated bolow, In adliticon
to asaessing the probuble offoaots ~f largo bambs in nperational use 1t
the end of the German war in 1945 an attompt has teen made to forvecast
on the pame busls the vulnorability of the factories to possiblo
larger bembo of the pome typo.

ASSTRSMUNT OF WITOMRNESS oF NWHEIGTZAD COVER
Sirce it wap evident thee ndy a few hours eould be allscated

for the inspocting af anch wnderoround £a
; 0 1 of o WS i3 “oiactory mything in the natwrve
of a dotuilod surviy waa abvinualy imweasible, Atterpts to nbtain

ics
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| are approximatirms rather than suwveyoi rogsuremen
CONCLUSIONS

If the 10 undargrount faot =ec coalted enn be taken asl
representative it io cluar that the ‘hicknesa - rverhead coveT|Was
usually, though not alwayc, sulficient o have mode alr nttack wE
oven the largest ponctroting T o2 on e ot the end of tho Gel

war unprofitable.

An cutstanding execntinn 14 Lt nate ., runh of whdch 'l'.l.
Judged to bo vulmorable *o the 10,000 Tbe dallooy (M) bembs
if the statement .Ltt.ritun-.l to 0 SCIT.AN D ru tnat thero was no‘i
enough thicknesa cverhew! n oo lLotenes o view of the sucons
Tallboy (M) attacks on Hmru i i1 the bt e Calola aren is authe
the Germans wero not unswvar -8 b vWlnersbility of Langonatein,

The Germans dr nnt appear o havr boon I'ully alivo to the
posaibility of merinus Mlunt offocts 1= lng caused by berb explosions &
or near entrances, since designed blast protective mepaurcs in
entranoces and acccess twmels woere net gererally obaerved,  Somo
of the tunnelled factorics are, nowever, mascnably well protoctod
in this respect because of tho errploxdty of luyout whoreby the
majority of the gollories arc reachuld anly after many turna in the
route from the main mocesa twincls,

No evidenos was obtained that any of the underground factories
visited were bambarded from the alr (except Makrele 1, which was
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protably accidental and without effect in view of th;f Tlul ::n of
the fuw bombs which fell rver the mhMUliga u.rz:}.m k.. th: tmk.ll
had taken plage it ia dnubtful vhether atterp unne
by m1:¢yphumbn weuld have pald as well as tho sameo ‘imtisht of n::tmk
+1th smaller bombs on ecrrunications and snurces of oxternal power
supplys

211 the aviience nttalned umgnltlnfhl:ht?a Gﬂmﬂcﬂ in
the cess r' tranafereing on a vash scalo thell oa
r-i;r.dﬁ:;innﬁr;m nnrral unprotected surfage factorica to underground
factories (gen:rally in tunncls rapidly driven for the purpose)
providing a very high b grec of protection fmm_uir attaak vith any
bemb in cperatl-nal ust, It is probably an understatement to say
that on the whule underground factrries In tunncls of the types
inspectcd arn 1t least 20 timen ag safe us nonnal unprotected
surface factorica of the sare shep fleer space, aven when the
tunn:ls have o nere thun 100 r't, thickneas of chalk overhoad cover
anf are thernf-me wvilreratls by tho 12,000 1b, Tullboy (M) bomb (see
B.E.R. M R'I'.'FH'FI“L line F_;‘f?].

“here o i ne louet that to preavide fer a surface faotory
the apme standard of physical sa'cty as Shnt cbialnable by golng
underpround would be o glgantle tasl inmpossible of general applioca=
ticn, requiring rinfare-d esnerete, ro~fd and walls frem 20 to
25 ft, thick to resist the 12,002 1, Tedlbey (M) bomb,

The isaue ls, thoretorse, whothor the safety from alr attack
o normed unprotectol surfnes frnetorles cen nh e conservative basis
be Inerensed at loast 20 tiren by the expedients of dispersal amd
cnmeullage, It i3 the view -f thosce submitting this report that
thio could not Lo approached,

Tho Gerrmana hat shewm by the encrgetic manner in which they
tackled the probder, and by the remarkuable results they achieved
in an ghort a tinw \e.ge. o lprge lubricating oil refinery for
Henoverian nils was almost ready €0 work in well under a year),
that their war production In surfacc factories could not survive
the weight of rodern air assault,  On the othep hand, if tho Germans
had been able to paln, any, another year in which to press on with
the tranafercenc: of main faetmrico unrlerground, the task of the
allies might hav becn made much more diffioult,

In assessing the vulnerability to air attack of the
ground factories envercd by this Report tha bombs (pemhﬁp
typo) hawe bLocn assumod to bo dropped from a high level and to
strike the ground at 1,000 ft./sce, Pusing is prosumed to
be long encugh to crsure that the bambe reach their maximm

depth of penotration in the ground (i,
dant & o g (Ls0s camo to rest) before

18444, Tie



Data on
types and sizes
range of strik
for computing the

ropounded by the Mets .
s 8till being inveatigated; had not yet been reached,
Consequently it has been th - for this Report to keep
the matter on as simple a basis as possible, and 80 the figures given
in Teble 2 for dep?'n of penetration by impact at a striking velocity
of 1,000 ft./secs (which represents about the maxirmum at present
nbtn:tna.'bln by normal bembs) are based cn the cbaeryed depths of
penotration of German btombs which fell on England (as recorded by the
B,D.8.), on sectional density thucry, and en U.S,, N.D,R.C. Veapon
Data Sheet 242, From these censiderations the following simple re=
Jationsnip has becn adnpted for the purprse of this Report:=

reached by varfous
oer rocks, and over a
' Although several theoriea
sdvanced, aince that firast
d years ago the problem

Where y = depth of penctration |feet at 5.V,1000 ft/sec, &

X = cross sectional depaity of the bomb '[l'b,"uq.in.}
then for CLLY %anft; y = 6,0 x
hard) - ClLuk [soft)

CLAY ¥ =bhel %
CHALR (hard), JMHTHIT "R STFSUM y = 3.0 x
SAID _ ¥ = 246 X
SANLSTONE (Hurl) y = 2,0 %

Tha Radius of Rupture in Tatl soeans the neximum distance

through the ground frem the centro f charge in the bomb (de tonating
in the ground at its maximur. depth of peonetratien) at which turmels,
whather concrete-lined cr nrt, are 1ikoly %~ be spalled as a result
of the explosion., The figures given in the Rad, Rup, columns have
besn derived from data cbteined in a study of the effects of alr
bembardment on underground rumnelled werkings in the Pas de Calals
area which suggcated that the Rad. Rup. for tunnels in hard chalk

i3 about B0 feet for a beomb contalning a charge equivalent to 7,000
1b, of T,N,T. oxploding in the ground at its maximum depth of pene=
tration (see B.B,R.M. report No. F/...) The Rad. Rup, for sandstone
has been taken as 2/3 that for hard chalk, For bombs with other
weights of oharge it has been assumed that the Rad., Rup, (feot) varles
as the cube root of the chargs weight (1b, of T.N.T.).

Table 1 gives details of the modiume=cased bombs considered in
the assessment of minimum thickness of overhcad cover for safety in
tunnels, The largost modiumecnsed bamb in operational use at the
end of the Cerman war in.1545 was ths 22,000 1b, (grosa woight)
*Fallbey® (L), Two hypothetioal bombs of the same type, weighing
30,000 and 40,000 1b, have been included in Table 1 in order to give
Soms idea of 'tha minimm thickness of overhoad eover which might be
desirable for safety at some future dato (excluding the possibility,
of ohanges in Ramd design loading to radically improved performanoce) .

To oompute the expooted depth of penetration in the ground
Yy impaot of these two hypothetical bambs it was nocessary to
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sises of existing mediumecased bombs, These figures should, '
rough atdons,

therefore, be regarded as no more than very
Iroidentally, they conform to the thaory that seotional density ia

proportional to the oube root of the grosy weight.

Table 3 gives the minimum thickness of overhead cover assumsd
for the twmols inspected to e reasonably safs from air attack.
The data obtainad from the Pas de Onlais area mentionsd above
inforTed that for no significant damage 1ikely to cause personnel
oasualtics the Redius of Rupture (as defined in this Report) should

be increased by about 25 per cent, Henco Table § figures Ngunt
thulmufthamimmmﬁ‘ltimhpthuﬂth!mm@.+ .
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IARE 1

DETAILS OF MEDIUM~CASED BOMBS CONSIDERED FOR HIGH LEVEL ATTACK

ON THE SUEFACE ABOVE UNDERGROUND FACTORIES

IABLE 2

MAXIMUM PENETRATION BY IMPACT AT S,V., 1000 F1/8ec., and

RADIUS OF RUPTURE TO CAUSE SPALLING IN TUNNELS

. ctional o
Ref, Description %:‘;';t (1b) g:nﬂity mt
§ (1b,/8q.4in.) | equivalent
TNT, (1ba)
A | 500 1b, IO or QP 510 40 220
B .| 1000 1b, X or GP 1,050 Lol 500
0 |58 2,000 b, OF 2,050 1.8 1,015
D | Tallboy (} 11,850 1045 7,000
. B | Tallboy \L 21,500 13,0 13,000
P | Hypothetioal ® 30,000 e} 18,000
G | Hypothetical ® 40,000 15,7 2l4y0C0
m  Assumed charge/weight ratio = 60%

Impaot penetration at 8.V.1000 ft/Sec. laig;ﬁwt{uﬂl
d
Type of ground or rock Typengfrﬂun
Bomb| Clay | Clay | Ohalk S8and | Sandstone [ Chalk 8and-
Ref, | (soft)| (hard) | (hard) (hard) | (hard) stone
Chalk | Anhydrite Anhydrite | (hard)
(aoft) | Gypsum Gypsum
A 20 15 10 8 6 25 17
B 2l 18 13 1 8 3, 23
c 29 2 16 13 10 L2 28
D 6L 50 35 28 21 80 53
E 80 60 43 35 26 100 67
86 .| 67 48 n 29 110 75
G 9% r 52 I b3 120 80
18440, T




BOCE STRIKING THE SURPAOR AT 8.V, 1 /550,
AND PENETRATING TO MAXIMOM v g DETONATTON
i Type of ground or Rock
Pomb —
Ref. | 'Chalk (Hard), Anhydrite or Gypaum Bands tone
La
B 60 5
v 70 50
D 135 90
E 10 140
F 190 125
G 200 130

1844

78.




AZERT 2
Oomparison between a German and a British
Underground Fadtory

Hesdirgs

I, Prelininary
Il. Floor ireas
III, Volumes of Excavation
IV, Periocds of Construction
V. Labour Forces
VI, Costs
VII, Exposed surfaces of corridors and galleries
VI1l. Residual Roock sreas.
jo 8 Review
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AEEROIX 2

+& German and a British
aoto

1« ‘Exsliminary

The ection whioh was mads, during the course of the tour
in WL the Underground Faotory at Langenstein, suggested that
a faw pointa of interest might emerge if a comparison were made
between that Faotory and a certain Underground Factory constricted

the war in Bngland. Each of the two Puctories was formed
in a sandstone hill and the lay~cuts were in a general sense
ey The natures of the sandstones differed in the twr
cases, the Cerman rock being of a stronger texturs; it was deposited
under water, whilst the British rock nwed its origin to atmospherio
Iﬂﬂﬁﬂl

With a view to this cemparison of characteristies, it was
intended to enquire more fully into the conditicns at Langenstein
than would have been possible in the time available, in conncotion
with other German Factories comprised in the progrumme of inspection.
This plan was frustrated, as is recorded in the Report, Ly tho
advanoe of the Rumaisn forves. Nevertheless, sufflcient infermation
was oolleoted to furnish a basis for a comparison which may on nne
or two points pxove instruotive,

Thé purposes for which the factnries were made were different
and the oomparison 4s confined to the work of crmstructicen,
inoluding the formation of the Corridors and Galleriecs, and the
general internal and external Civil Frginecring wotk, For
simpliocity, comparisons will generally bo exprosscd by ratios (German:
British), hard statistics being quoted in ome or two cases nrdy, to
assist in visualising the scale of the works, An idea has first to
be formed of how the two faotories stand to each other in the way of

magnitudas,
II, Floor Arce

The German Factory was more extensive than the British, One
yardstiock for comparison is the respeotive floor surface arcas
providsd. The British Fastory was wholly completed, The
categories of work, referred to above, in the German Pactory wore
very ne completed and the figures applying to the cample ted
portion will be used, in deducing ratioas, not thome of

ths complete project,
The ratio of areas of floor surface 1s:i-

- 67,000 Bq, metres = 2,58
SRR Hasiary 263000 30, motres
18044,
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so that, in round m,nmumim:mmlmdﬁ

ities of the two
times the extent of the British ons. The
Factories, in potential output, are not m-ﬂ ccmparable,

IIT, Yolunes of Excavatioh
The ratio in this case is 5.1, The aifference is Adue to the

broader, were
¢ the Corridors and Galleries beside being ’
Il-:::;e:h;n the uzmm than in the British Faotory, 8o if one is

tion but
idering not merely acccomodation provided for produc
:g?m‘:'ctlﬁogk involgd in tumnelling, one has to regard the Cerman

Faotory as scme three times as big as the British ons,

IV. Periods of Construction

The British Faotory was started in June, 1941, and the items of
work involved in this comparison were completed in March, 1943 = a
period of 21 months,

The German Faotory was started in June, 19ik, at about the
time when the enemy appears, from the information colleoted during
this tour of inspection, to have embarked upon & Very extenaive
programme of underground construction, Vork was stopped, just short
of completion, in March, 1945 - & period of 9 months only.

The rapid execution of this and other German projects will te
commented on below, The ratio of construction is 9, = 0.3,
21
48 against o ratio of J.1 in corneotion with the volumes of work,

Ve Labour Fereos

The analyoes cf the respective labour strength necessary for
an exact stutement are not available, From reasonable inferences,
however, 1t appears that the ratioc of persomel during the construc-

-.;:n reriods could not have been less than 6 and was probably‘well
RDOVE.

VI, Conts

The valug of the rentenmark is underatond to have been reckeoned
at 12 to ¢he pound sterling, On this basis, the cost of the work
dune on the German Factory bears the ratio of 3,2 to the cost
incurred on the Britlsh. The actual figures of expenditure, which
may help in viouslising the scope of the jobs, are 25 million

rente
13:1yfmurku. or just over £2 millions, and about £650,000 respect=

It is considered rather remaricable that this houl
rat be
sc close to that of the respective volumes of t:uﬂzit:,lm?y 3oty

18044 81,



for the faotors making up the cost appear to be sc unconnsoted, The
exoharge ratic is believed to hava been, during the war, a purely
arbitrary figure and the actual values of the pound and the renten=
mark respectively under war conditions, When translated into
coomodities, must be somewhat difficult to assess, Tha cost to the
German Contraotors of concentration camp labour was low as oocmpared
even with pre=war rates in this country and the iisparity between
skilled and unskilled rates was marked, The workpeople on the
British Fastory were drawing wages which wore well above the peacetime
standard, On the other hand, the ratec of progress achisved under

great stress on the German Foctory was probably above the truly
economlo paoce.

Whilst statisties were being cclleeted in the course of the
tour regarding the costs imvelved on Germun Factorics, it was thought
probable that the figurcs would, an account of these very divergent
ciroumstances, provc on examination to have little moaning to us,

In so faxr as this comparison goes, however, 1t can be inforred that
there is in faot a rclatlonship, and that vhat the Germans had in
mind, when they spoke of a wur-time :«t costirg 12 millicn rentenmarks,
gorresponded in a general way tc what wo ahould have regarded as a

£1 million Job, There arc nevertheless certain othor points,
relerred to below, te be berme In mind when considering such figures)
but this ocompariscn may be of seme use when reviewing the costs of
other German Underground Factories referred to in the Report,

VII, Jxposed Surfaces of Corridaoras ond Galleries

Conafdering thc natures of the sandstonce, one might have
conaluded that the German Foactery was aone in which intemal linings
could have becn dispcnoed with (sxeept in one arca of weak roock) whilast
linings would have beon advisable in the Hritish Factory. In fact,
however, the cpposite course was takon in cach case, But if the other
German Faotoriea which were inspected nro taken into account, it is
ncceasary also to state that, in at lcast one important inatance,
linings were almoat vholly omitted, although they may fairly be Jjudged
to have been ot lcast a8 necessary thero as in the German Faotory now
under consideration, e werc not able to explain this scemlng
inconsistency. It con be oald that, in the case of the British
Factery, the necd for protection of the preduction equipmont from tho
prescnoa in the atmosphere of particles of sclid matter was no less
than it was in the Germon case, It was, indced, recognised from the
onsot as of prime importance. In noither case was there any serious
percolation of water, though the rock of the British Factory was damp
whon excavated,

Tais question of whother to 1imo or not, wherever weaknesscs
are not exposed, is cbviously one of major importanco when any
underground Faotory project is in conte=plation, The deolsicn in
tho oase of ‘the British Pactory hung largely upon the shortage of
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tion,
1sbour and the desire for the earliest possible © ]
was no shortage of 1Mon'thun¢m?utu1. ’ﬁ-*:;m
to be found at short notioe, for the adsquate mmtim o
surfaces of the British Factory, there being no e

case reslly oalled.
out the extendsd trials for whioch the e B ..1Lthud o Wi

emical whose
e £ . mip::ndua(ﬂ. The linings of the German

di sed in
;::t::;p:n :::ae rough and ready from our point of view, but

¢t have cost apprecisbly more than the wall=treatment in the
Htu-:.!utm and, if the respeotive costs of these items were
known, a refinement of the comparison made above of costs of work

generally would be possible.

The particulars given in Appendix 2(A) are submitted by way
of u.‘l.u.ltrnpgun only. $ The measures necessary for indurating surfacea
would vary with the type of rock, the purposec for which the Faotory
was intended being also a faotor in the matter. It is presumsd
that the visit of inspeotion to Germany would not have been arranged
unless there were at least the possibility of extenaive posi-war
underground work ' being embarked upon in this ocountry. If that
is s0, then the various classes of rock in which such work may have
to be executed ought to be determined as soon as possible, with due
regard to economic and other considerations, It would then be
posaible to initiate research into the treatment of suoh rock surfaces
under atmospheric conditions corresponding to those which w.dd apply
in an underground Factory and to ocarry out testis over an appraciable
period of time, In this way, tha expenditure on linings - uld be
reducad to the minimum consistent with the objeots in view, Ming
the war, we had to take quick decisions and there is same reasuu for
concluding that those of the Germans were as hastily formed. The
comparison between the two Faotories serves, therefore, to ciphasise
the importance of an investigation of the queation as to the
circumstanoes in whioh linings are essential, or where treatment
of the rock surfaoe wlll serve the purpose,

VIII, Residunl Rook Areas

In laying out an Underground Factory, the Corridors and
Galleries have to be alignad with dus regard to the oonaluaion of
the Engineer as to ths peroentsges of roock whioh muat be sllowed to
remain in various areas after the corridors and galleries are formed,
The depths and woights of overburden covering the crowns of the
arches have naturally to be taken into acoount when arriving at
such basic figures. When, as in the cases under referencs, the
various conditions ars such that little reliance can be plu;nd upon
arch or doms aotion within the structure of the hill, it becomes, in
effect, & question of the permissible ocompressive ltr,‘ell upon a .
horizontal surfaces The smaller this figure, the greater the
:ﬁenﬂitm will bej for though tho areas of the galleries, in

oh the plant has to be installed, may be unaf'fected, thl'
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Incidentally, thotgh this is not a point here under consideration
the ecrt of hn Servioes, too, depends very much upon the Hsure-'

Buffioient infozmation was collected regarding the

Taoctory to arrive at the limit set bty the h?iuarlfmn pgzmirnm the
work. Tha rooka in the two Factories are samewhat dissimilar but it
wap impossible to form (from inspeotion and without physical tests} an
ides of the ratio of the unit locads whioh a Civil Engincer would be
dispossd to allow upan each respeotively, The question as to whothor
the Germans, in their haste to provids Umerground Factories, were

to take greater risks than we were is not dovoid of intorest,
It oan be degided, as regards this instance, by deducing a comparison.

In the omse of the British Paotory, the design was altered after
work had been in progress for soms time by reason of a charge of view
as to the residual areas of roock, At ths cnset, galleries 19 f't,
broad were formed at 34 £t, oentres, the pillars in betwoon them being
15 ft. broad only, and it was the intention to econtimue on those lines
throughout,. Taking into acoount the spacing of the ocorridors, the
ratio of residual rock was 0,4. That was considored satisfactory
where the overburden was shallow; but as the higher parts of the hill
were mmtahaﬂ and no improvement in the rock was discloscd, it wms
oconoluded that this ratio muat be inoreased. The rest of the Factory
was than re-designed, to inorease the ratio, which under the crest of
the hill becams 0.6, The area oooupied by the Pactory was consider-
ably extended, almost in fast to tho limit of what the hill afforded.
Tha voluma of work to be carripd out and the eost involved were each
seriously enhanced. This olroumstance is quoted in order to
11lustrate the aignificance of this ratio of residual rock.

The corresponding residual ratic, in the case of the German
l'mtorﬁ, is to all intentas and purposes the same as that in the
British Faotory, namely 0.6.

The ratio of deptha of overburden is

% = me tres = 1,4 (about)
h me tres

Assuming approximately equal unit weights of wﬁrhurdnn the
ratio of compressive stross in the German rock to that in the British

similarly beocmes 1.1

It is quite possible that differences of cpinion would arise
among Engineers if it were a matter of assessing, in figures, the
respootive compressive stresses which those two rocks cn-.nrn.::luit in suoh.
a type of construction, safely be expeoted to stand: but it is not
conoeivable that there would be a difference of cpinion regarding

the atatement that the rEt;g of those stresses is not 1,1, or any-
thing of that order. opinion formed whilst at the German
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There oan be 1ittle doubt that, in the matter of stabdlity,

the Cermans oould have worked on a ratio of residusl rodk uf,‘;qd.

igure initially

Pustory already ained,
mlﬁmu- in this nlidull.:{:tia were far reaching, and the

of

change maae after very serious consideration, Why 4id the
Gcrnu“!.;pm wagfthmalvn this high residual ratio, involvirg
heavy effort and expenditure, on a job on which they were, before all
things, desperately up against time? One would not expeot all German
Civil Engineers to have exaotly the same spproach to such problems;
but were thoss concernmed with this Faotory more oonservative than the
British Enginoers, or was thoir design governed by special factora

which involved tham in a seeming extravaganoce?

Very full partioulars of the requirements stipulated bty the
Production Engineers would be necessary in order to give a perfeatly
conalusive answer to these questions, but it is possible to draw
daduotions from the information which was oclleoted, The design of
the German Faotory shows that the residual ratic of roak was a faotor
kept well in view ard that it wam varied locally in relation to the
cover, There is overy indication that the Factory could have been
laid out in a smaller aroa of the hill, had the Civil Engineers been
prepared to work on a lower ratic of residual rock, and that the
volume of work could thereby have been ocnsiderably diminishsd,

=]

It must therefore be concluded that, in the instances under
consideration, the British Engincers were prepared to adopt a lower
factor of safety for their work than were the Germans. The ocomparisen
lends no support to the idea, if it be anywhere entertained, that the
Gormans wore in part cnabled to make the rupid progrosa which they
achieved on Underground Pactories by taking risks which Bxitish
Engincers would not acoept.

II- Rﬂ‘ld.ﬂ'

A German Factory of 2§ times the floor aroa and of 3 times the
volume of the British Faotory was built for 3 times th: ﬂgl‘h The
comparison brings cut differences of ideas in respeot of linings and
rosidual areas of rock, But the most striking faot is that the

German Faotory was constructed
on the British, ed in well bolow half the time ocoupled

How is 1t that the Gormans Wore able to muoh more
rapidly than we were? The oconatrustion of tmh%i:t;:h Paotory
was undertaken by a firm of Civi] Engincering Contragtors quite
in the first flight, Bash job wap well mechanised, though the
1844 85,



Eo; of Fh::- emplayed were quite different, In moither case did

Testriot '
o3 m: the mmbers of faces at which work

The
e o s dt::&:ln T'e wore on cach job adaqumte

The information which the imepeotion temn Wurv unable by foroe
: g:'ﬂ-““.zh":m mhthhﬂl': .:lﬂl possible a complete answer
ey 'nqu:uﬂﬂ i above, 8y the following observations

(a) Tor a job 3 times,the size the Germana employed at
least b tines the labour forco, They appear to have
hﬂﬂlthlmmqnquind;

(b) The Germans worked three shifts against our two, or
at times ono, and they worked for seven days a week;

(o) It ia clear enough, from the results achieved hore and
elsevhere, that though a high percentage of the men
employed on the German jobs were civilians frem ocoupied

. oountries or Germans out of concentration camps, the
people in charge 4id manage to got from them a satisfactory
dally out=turn of Work, The reoord of this Job does not

lend support to the stories of passive resistance whioch
one hears,

() The Germans had however at their disposal means of ocoeroion
vwhich naturally could never even be considered on a
British enterprise, The 5.5. were in supreme control
and the rigour with which they aoted can be gauged from
the faot that oven the Engincer in charge put in a spell
in a concontration camp, Partioulars are not available of
how long men gencrally lasted on the Job;

(8) A large proportion of the labour on the British job was of
necessity of a type not normally employed on this class of
work and they were a source of oonsiderable trouble, The
Germans might have found it casy %o discipline them, but it
was not so herc, Progreas was retarded, also, by dis=
oontent over bonus carnings;

(#) Although the British Contractors mechanised their work,
they lost a good donl of time through poor maintenance of
plant = a failing of which they by no means have a mono-
poly among firms in this country, Statistios are lackirg,
but it is not secn that the Germans can posesibly have
lost much time from this cause and thoir plant d.'l.dLm
fact, call for less maintenance care that the Britishj

1844, 86,



It should not be concluded that satisfaotion was felt
* throughout with the rate of progresa achleved on the
British job; and when, for the reason stated above under
"Residual Rock Areas", the scops of the job was extended,.
a second firm was brought in, to take n\m.r the additional

work to be inourreds

In planning future jobs of this sort in this ocountry,

(h) it Elght, generally speaking, to be possible to reakon
on more rapid oompletion than was achieved on the British
Factcry, whether the work be on the scale of that or of
the German factory. DBut to mocelerate to the pace
realised in the latter case would, under the oconditions
prevailing in this country, probably involve heavy
additional oxpenditure on cvertime and on plant,

In conalusion, the Report refers to various aspeots of the
German Factory not oonsidered above. The comparison has been confined
to fundamental topios such es labour, costs, rapidity of execution,
treatment of oxposed surfaces and security of design because it
oppeared that by viewing these in a British perspective ths sigmifi-
cance of the German facts and ideas might more readily be assessad,
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AFFEDIX 2 (A)
Y, M c Chem E.

| THE TRRATMENT P INTERMAL ROCK SURFACES OF GORRIDORS AD
GALLERIES AT AN MMDERGROUND FACTORY CONSTRUCTED
IN BANDSTONE IN GREAT BRITATN DURING
THE WAR

It having been decided that the galleriss sh~uld not be lined
except in a few speocial cases, it was necesmary to dsvise a method
vherelyy the freshly out rock surface could be treated in such a mammer
as to render the walls and ceilings auitable for the cperations to be
oarried on within the galleries. The conditions to be met werei=

(1) Hardening of the surface of the sandstone walls amd
cellings toc ensure frecdom Crom dust and to provide
a good key for the final aurface finish,

(2) A decorative finish suitabtle in colour and 1light
reflecting properties,

(3) FPoromity in the hardoned outer lsyer of rook and
finishing ccat or couts of decorative material,

(L) Resistance of the finished surfuces to the tempsrature
which it was desired to maintain in the ?uleriuu and to
process fummes, ete,, ithout impairing 1) te (3) abovos

Of thesec desiderata, (3) 1s of especial lmportance, in order to
permit of "breathing" of the walls, without which pressures would be
set up behind the treated surfaces dus to percelating watera in the
rook, resulting in breaking away or flaking off of portions of the
roof and walls, Moreover, if sodium silicatec I8 used as the hardening
agent for the natural rock in (4), then the poroaity of the hardened
suface layer must bc such as to permit of froe efflorescence of salta,
For, using sodium silicate, the harlening effeet 18 attributed to the
precipitation of silica in the porea by reaction with carbon dloxide
from the surrounding atmosphere or in the moisture present in the rock.
The sodium silicate dces nat enter into combtination with the sand=-
stone, The precipitated silica, boing insocluble in water, ia not
readily washed out by the natural moistw¢ in the rook, vut scdium
carbonate (the by=product of the reaction) is soluble, and this
by-product, in addition to water, mist be permitted to find its way
freely to 'F.hu surface, Unless this frec accesa to the surface
is ensured, additional pressures will be set up in the rock dua to
salt formation within the surface layer, prcssures which are avoidad
if the treated surface ia permeable, thus allowing the salt (sodium
oarbonate) to pass through it and to appear in crystalline form
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rnal thmfnﬁ, that no
efflorescence, It 18 alear,

e thon ot trastmant w1l bs sstisfactory shich lewves inan dn-
permeable condition either the hardened "akin 5 mtln'llm rock
u.“rl'nmd‘u" . g vy t .?lgi ii ::m;:t of their i.nnq.h.
bi11 paints were ruled ouh  tien of sodiun silicate,

bility with the alkaline charss .
As a result of trials in situ, followed by tests carried ocut at

the Government Laboratory on samploa of the treated rock, it was

ascertained that the desired results could be cbtained bty hardening

silioate (after prel
the freshly out swface with sodium N iln %o S i

8
btrushing and air-blasting of the Hﬂg:iof e o Biet

sand partioles) followed by applicati
Porous d oclours The Bilicate solution esployed
e b ot 12l Chomical Industries, Ltd,

was the P.B4 quality supplied by
This was used in the proportion of B volumes silicate solution to 2
volumes of water, and the mixture was applied by a Jet (not a fine

spray), so that the rock was woll washed down after the preliminary

brushing, The Btet Porous Paint was applied as a Spray,

In order to ensure uniformity in the application of the scdium
silicate during the hardenirg pre-treatment, Paris White (oaloium
carbonate) was added in the proportion of 3 pounds to 1 gallon of the
silioate solution to eolour the latter, This provided an effective
visual method of following the course of the operation, the object
being to ensure that no part of the surface received more than ane
aoat of the silicate solution, It had been previously ascertainsd
that the addition of Paris White as a itinting agent had no deleterious
effeat on the poropity or on the final finish with Stet,

Teats on sompler of the tyreated rock showed that with oph ooat of
silicate of the above strength plus ome coat of Stot finish, the rook
remained porous and allowed free passsge of water vapour and
offloresccnce of salts, With one coat of silicate plus two ocats of
Stet, the porosity was considerably reduced and hal reachsd a peint
vhen 1t could not be said that the surface was sufficiently permeable
for this to take place. The conclusion reached was that it might be
dangerous to use more than one coat of Stet following a single pre-
troatment with silicate of soda,

In carrying out those tests marked differ B W
the porosity of the untrosted samples, and umE mﬂdmd::;::ﬂ:!l
in the hardness of, the silicate-treatod surfaces, Obvioualy, these
varying oonditioms should govern (a) the conoentration of tha'lﬂmh
applied, and (b) the thickness of the Stet coating which followed
In general, the harder the natural Tock, the less porous will it ‘L.'ra
and consequently the applied silicate should be somowhat weaker a:nd’
:ahsa coating of Stet thimmer, Although in practice endeavours were
Iln allow for these varying oonditions, the speed at which
tunnelling and constructional work had to he carried out mads it
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to oontrol operations as
have been the case, carefully as would otherwise

Tests Ware also carried out on samples of the treated rook to

asoertain the effect of changes of temperature in the galleries,
The rook surfaces were exposed cach day to heating oconditions for
about 8 hours, fallowed bty cooling conditions for the rost of the
% ting ';II grugiu:;ym:zu th‘n::ﬂk g e g

A . during the periods of cool it
varied botween 60° amd 70° F, After 10 dﬁl, du]::"im which the =%
smpdes Were exposed to the higher temperatures for a total time of
60 hours, portions of the samples exposed to tho test treatment were
then compared with unexposed portions of the same samplea as regards
porosity and gonmeral appearance, The conclusions reachod were that
axposure to higher temperatures tended to make the surfaces more
brittle and mnre easily removed, and, iff anything, to increase very
alightly the porosity. No noticeable difference in general appearance
was ohserved,

In practice, as tunnelling procccded, the final shaping of the
walls and oellings was immediately followed by rameval of adhering
sand by air-blest, followed in turn by pre-treatment of wells and
cellings with the tinted eilicate sclution. In cases vhore partic-
ularly wet patohes of rock were encountered, an initial treatment with
more dilute silicate solution was given, which permitted of greater
penstration of the sodium silicate into tho rock. The nomal silicato
troatment was then opplied. In the rars cases in which a continuous
flow of water emerged from the rock, the water was piped awny to the
drains below the floors through chascs in the walls,

Ommooat of the Btet Forous Paint was then given to the roof and
walls down to a height of 8 feet or 8o atove floor level, the remainder
of tha Stet finish down to {loor lnvel being applied after the main
construotional work had bteen campleted, The object of this was to
avoid as far as possible oxtra coatinga of Stot to cover diafiguration
of the walls during installation of scrvices, plant, etes In cases
where later disfiguration ocourrca, provided the areca to be made geed
was not exocssive, it was considercd that tho gencral conditions would
not be appreciably affected if a sccond coat of Stet wore applied to
ensure a good overall decorative finioh,

Provided that the above procedure was rigidly adhercd to, resulta
showed that Whon hoating wos npplied to tnc tunncls by moans of the
ventilation duots, adjustment of the moisture cquilibrium within and
outside the walls appearcd to take place quite satisfactorily, Froo
efflorescence of sodium carbonate occurred, which could be ocasily
removad by wipirg off with a damp cloth, An inspection of the tunnels
some six montha after the final wall treatment revealed that no serious
trouble had been experienced, and that where there had been a
tendenay for the Stet to flake off here and there, the custam was to
soraps the surfaoces, renew the sillcate hardened skin, and spply the
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Btet finish as before. Where the walls or ceilings had bocome
discoloured through accumulation of dust, this could roadily be

removed, loaving a perfectly cloan surfade,

In order to moot local conditions where corrosive fumes or
corrosive 1iquids might come into contact with the rock surfaces
portions of the walls were treated with a Ciment Pondy/Bilioate
preparation supplicd bty Imperial Chemiocal Indutries, Ltd, There
wag insufficient time, however, in vhich to test the results of auch
treatment, and, in places where splashing by solds was llkely to
oeour, the walls werc brick lined,

In conclusion, eo far ns the writer is aware, the method of
trentment described alove proved gemerally satisfactory for the
purpose required, In view of the need for the greatest possible
.opoed in making the underground factory available for produstion,
as already indicated, it was inevitable that the treatment of the
turmels should not be as wniform and corefully controlled as wap
desirable. In places where extra thickness of Stet had been applied,
such as to destroy or greatly reduce the porosity of the surfaces, the
conclusions at first reaclied were confirmed, vis., that pressures
would be set up which would tend to cause spalling of seotiona of the
rock under these oonditions,

The final appearance of the corridors and galleries, particularly
where fluoreascent lighting was used, was bright and pleasant, and,
even in offices and canteens, exposed portions of the rock walls and
ceilings by no means created the impression of a cave dwelling,
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ASEIDIX KO, §
w

All the Tactories visited Ly this

party were situnted cithe
in massive anhydrite or in soft to medium sandstons and in :vuryruua
exoavation was mainly by drilling and blasting,

Rogkc Drills

Light hand~held compressed air drills werc used, and no bar
mounted machincs werce seen. IThie machines vere supported on a wooden
leg when at work, The fact that all workings wiere in sof't rock made
their use pcesible, and they had the advantage that work could be
started immediately after blosting, without any "mucking back". In
the softer sandstones much usc was made of light hand held pneumatic
picks; & pilot heading was driven and cpened out by their mcans to
the finished size, This saved cxplosives, pravented overbweak, and
ran;.vﬂa falls of locse rock lese probable, TIn all cases drilling waa

L]

At Dachs I and IV whers many "Raises" werc driven an intercating
device was found, This consisted of = compressud air cylinder with
a stud at one end fitting into & hole in the handle of a "Jack harmer"
thus converting the machine intv a "stoper" Arill for drilling
vertical holes upwards, Probably as a result of the type of drill
usod holcs were short, and 5' to &' rcunds were tho rule, however, at
Osterode and Niedersachswoerfen rounds of 10' to 12' were obtained,

Drill Bteel

As & rule 1" round stecl with sguarc shanks wero uscd Chiscl,
L. pointa and six point bits were gecn, but chiscl bita were the
coammonest, At Longenstcin dotachable bita were sadd to have been
employed. At Niedersachswerfen suger otocl was sccn on the sltc,

As the rock wag soft on all the sites visited, the steel
sharpening was usually by hand, but ot Dachs T a well cquipped shop
with mechanical sharpeners, oil fircd furnaccs and an automatio

tempering devico was found.
Loaders

Gre;.t use wns madd of meehanienl loaders in all the faoctorica
visited and this is the morc surprising ns so muoh slave labour
was available,

At Dachs IV wglushera" of orthodox design Were 8ocn, tut here
and elsewherc compressed alr shovels of a type known as the
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. tter-Lader" were the moat common. This machine is f\lly
maﬂbﬂul’. A smaller but sgimilar machine thlﬁahrwm
was also used,

Salsgitter-Lader (muok
by Herman Goring Werke (A.G.

{rg machins for Tunnel Work) , mamsaotured
fur Bergbau und Huttenbedarf, Balsgitter),

d
batract of ished

ticulars

A machine for use on ore, coal, potash = sbove or bolow ground =
on sand, gravel lime or slate; on deep excavations, rallway work
and Tunnels,

it —-

For loading into trucks, or on to conveyors or for ing, It
digs the material and deposits it into a truck coupled to the mashine
or on to a belt, TFor inatance, the lcader can be run up to the job
on a single track in a breadth of 1.8 metre (5 f£t. 10 in,) and a

lieight of 2,3.m. (7 ft. 6 in,)
Technical Data

lNotrical Units  British Unity

Total weight rd, 5% t 5% tons
Capaeity 0.3 m’ 106 ou,ft,
Overall length

(bucket advanced) 2650 m,m, B! - g"
Hinimum length

(bucket raised) 1750 m.m, Gt g
Breadth, over controls 1200 m.m, 3 - qqv

[itto, excluding controls 1000 m,m, L L L
Minlmun height (whilst

bucket 16 being tilted) 1650 mom, 51 = 5w
Voaximum height (whilat

tucket is diachargirg) 2150 mem, M -on
Permisaible height of trugk 1400 m,m, I L
Wrneelbase 1000 mem, 3 L4
Gauge of track (min,) 485 mem, T
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Hotrical Units  Pritish Upits
Blewing rarge, on : |
sither side 300 b
m‘ 'ﬂf m face 2200 Pellle ?i = J'I

Output, ascoerding to
material and working
oconditions 50/60 t/n 50 to 60 tons
per hour

The travelling and cutting motions are effeoted by two inter-
changeabls four-cylinder reversing compressed-air motors,

The slewing (30° each aide) is by two oampressed-air oylindsra,

The bucket has two cradle-shaped sides and its action, when
outting, is elastic (N.B., By virtue of helical asprings),

Blewing is effected by means of two compressad=-air cylindera,

The filled bucket is guided during the raising motion and in itas
pasasge to the cﬁnwim position in such a manner that lateral motion
is attentant has nothing to do, and the emptying inte
a truck, which is coupled to the loader, or on to a conveyor belt, is
sutomatio, The raising is done by a link chain which cawea the
sides of the bucket to roll back, it being steadied by the guide
macharmism attached to the body. The dlecharge takes place Dy
gravity.

The truck to be loaded is coupled to the losder autamatically
bty meana of a compressed-alr coupling device, whilst the uncoupling
is done by the attendant by means of a lever, Simultancously, the
same leyer operates a mechanism which pushes the loaded truck to the
rear, This automatic coupling device obviates the need for coupling
and unooupling by hand and prevents aocidents,

The controls are so arranged that, on the releasc of the lever,
the mechanism roturns to the mid=position and danger is averted,

A sketoh showing the operation of the machine is attached.

Iranaport

In the smaller workings hand tramming was usual, but elsewhere
a great variety of locomotives of various gauges Wore ampl oyed,
These inaluded steam, diesel, acopressed sir and battery loocmotives,
No one of these types showed foatures of ospecial interest,
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Misocellsngous Flant

(1) Bpoil Spreaders
which is -obvioualy
At Langenstein » type of spreader was seen
whare spoil is to be dlsposed of by
s useful labour saving devioe ﬁiuh s g |

Adump and slewing, This machins,
No, g', consists of a bogey on which is mounted a orab winoch and on
sither sids of which are oarried V shaped ploughs which can be

raised or lowsred by means of the winoh; 1t thus operates on either

sdds, or travelling in either direction. Attached to a train of
wagons 1t spreads the spoll aa it ig dumped.

(2) Tumelling Machins °

At the factory of the Aktiengesellschaft filr Bergbau und
Hottanbedorf npar Baltsgitter photographs were seen of a tumelling
machine intonded to drive horizontal galleries of alroular seotion
of sbout 6' = 0OF diameter in soft sand stcne,

Ve wore informed that one such machine had been built and put to
work, but no information could be cbtained on its v The
machimre ocnsisted of spider ocarrying a mumber of rotating cutters
about 6" ddamster and tipped with a hard alloy, these cutters beirg
spaced out radially and cutting a series of concentrio oiroular

grovea,

The design was mechanically ingenious, but it muat bs remembered
that many tunnelling machines have been devised in the past, but with
the exception of the Greathead Bhield all have failed for they ommmot
be adapted to the many types of ground which are encountered evem in

ocaparatively homogeneous strata,

18444 9,

ChM 110 - Wt #8iL). Da Bl - aba - wu



PHOTOGRAPH No.1. Temporary support for
railway access tunnel to DACHS 1.



mgm fPH No.2.

Mittelwerke,
Neidersachswerfen.

Tunnel entrenae "(Q

PHOTOGRAFH No.3.

Mittelwerke,
Neidersachswerfen.

Tumel entrence "D".



CToG 0.4.

Langenatein.
Croas Gellery.

PHOTOGRAF NQ.5.

Malechit,
Lungenntein,

Ertrence ™™.




Melachit,
Langenstein,

Entrance D%,

PHOTOGRAPH No.7.

Kaleohit,
Langsnstein,

Concrete lining in
Progreas.




FHOTOGRAPH No.8.

Melechit,
Langenstein,

concreate lining
i{n progress,

PHO 'OGRAPH No.9.

'elechit,
Lungenstalin,

Brick lining ot
intersaction of
gellerien,




PHOTOGRAFH N©,.10.

Melachit,
Lengenstein,

Lining of steel
ribs with dbrick
Jack arches,




PHCTOGRAPH No.ll.

Mirkrele II.
Halberstcdt.,

ntrimce to
chonripgnon coves now
upad s & Tectory.



PHOT OORAFH No.l2,

Mekreale Y.
Helberstadt,

Bntrence to
Chempignon caves,

PHOT OORAPH No.l3.

Mekrale I.
Helberstedt.

Protection to
ventiletion shaft.




PHOTOGR/PH No.14.

Elben.

Canouflazed spoil
dump.

e
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PHOTOORAPH No.15,

Dechs IV,
Osterode.

Anhydrite querry.

PHOTOGRAPH N0,16.

Dachs IV,
Osterode,

Entrance to workings,




PHOT OGRAPH No.17.

Dechs IV,
Osterode.

Anhydrite nuerry,
canpressor plent
in foreground.



PHOTOGRAPH No.18.

Nl“lh '
Regenstein,

PHOT OGRAPH Ne¢.19.

Odewerke,
Regenstein,

Entrence to workings.



POT CCILAPH No.20.

— W m——

Denkrinl Stollen,
Br rkhpusen.

Krtrence to
1 ctory, showing
blest well.

PHOTOORAPH No.21.

penkmel Stollen,
Berkheusen,

outerop of Porte
sendstone showing
divo.




PHOT'OGR/PH No.22,

Denimal Stollen,
Barkhsusen,

Groundfloor, Note
roof construction.




PHOTOGRAPH No.?3.

Dechs I,
Porte Jestfelice,

0il Refinery.

FPHOTOGRAPH N0.24.

Dachs I,
Porte Westfalica,

Entrence to oil
rafinery in Porta
sendatone
Ornatentone ebove,



PHOTOCRAPH No.25,

Dechs T,
Porta Westrolice.

Oil Refinery




PHOTOGRAPH No.%.

lirrmerwerke,
Porte Weastfmlien,

Piniculer raflvey fram
the entrence to
Honvnmerwerke., Zntrance
to Decha 1 balow,
Hiver Weser in

distunee,

PHOTCBRAPH N0, 27,

ammerwerke
Portn Wesatfnlicw,



PHOT OGRAPH No.28
Lengenstein

Spoil spreader
on dump.




SALZIGITTER-LADER HL 300

Spmrrreil o
wnd Schvwankon des Obertedes

PHOTOGRAPH No.29.
Salggitter-Lader
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