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This report was written primarily for the use of the
U, S. Strategic Bombing Survey in the preparation of further
reports of a more comprehensive nature. Any conclusions or
opinions expressed in this report muet be considered as
limited to the specific material covered and as subject to
further interpretation in the light of further studies

conducted by the Survey.

This edition has been reproduced by a photolithographic
offset wrocess from the first edition of the report. To expedite,
standardize and clarify the printing of this and other Buropean
reports, minor changes have been made on the cover, title page and
some drawings.
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Foreword

The United States Strategic Bombing Survey was established by
the Secretary of War on 3 November 1944, pursuant to a directive
from the late President Roosevelt.

The officers of the Survey were:

Franklin D'Olier, Chairman,
Henry 0. Alexander, Vice-Chairman,

George ¥W. Ball,

Harry L. Bowman,

John K, Galbraith,
Rensis Likert,

Frank A, McNamee, Jr.,
Paul H. Nitze,

Robert P. Rugeell,

Fred Searls, Jr.,

Theodore P. Wright, Directors.

Charles C. Cabot, Secretary,
The Table of Organization provided for 300 civilians, 350
" officers and 500 enlisted men. The Survey operated from headquarters
in London and establighed forward headquarters and regional hesadquar-
ters in Germany iumediately following the advance of the Allied
arniss.

It made & close examination and inspection of several hundred
German plants, cities and areas, amassed volumes of statistiocal and
documentary material, including top Germen goverrment documents; and
conduocted interviews and interrogations of thousands of Germans,
including virtually all of the surviving political and military

leaders, Germany was scoured for its war records which were found
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sometimes, but rarely, in places where they ought to have been; some-
times in safe-deposit vaults, often in private houses, in barns, in
caves; on one occaesion, in a hen house and, on two occasions, in
coffins., Targets in Russian-held territory were not available to the
Survey.

Some two hundred detal led reports were made, During the course
of its work, the Survey rendered interim reports and submitted
studies and suggestions in connection with the air operations against
Japan,

¥While the European War was going on, it was necessary, in many
cages, to follow olosely behind the front; otherwise, vital records
might bave been irretrievably lost. Survey personnsl suffered
several casualties, including four killed.

The Survey studied the effects of the air attack on Japan and

further reports have been submitted to the Secretary of War and the Seoc-

retary of the Mavy,
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SUREARY

The heavy attacks on strategic oil targets in May 194l showed
the Germans that fthey could not repair their big plants as fast as
Allied bombers could wreck them, So they made plans in June to spread
many small plants throughout Cermany and t¢ put a nunber of them under~*
ground ,

Several Geman technical men say now that they had propcsed that
production be moved underground as early as 1940, But, they were told
that the war would be won before the plants could be built, and they
were threatened with confinement in concentration camps for queationing
the Reich's impregnability. The suggestion,.nevertheless, was feasible.
FProperly designed and ventilated oil plants could be operated under-
ground with reasconabdle safety, Inspecting and maintaining properly
built underground plants would have been much less difficult and danger~
ous than repairing and running surface plants subjected to bombing
periodically-~but the Germans formulated their plans and began to dig
too latees

On May 31, 194, Albert Speer, Reichsminister for Armament and
War Froduction, chose Edmund Geilenberg as General Commissioner for
Inmediate Measures, and the underground and dispersal program that
was adopted a few weeks later was entrusted to him. Geilenberg was a
former miner who had became manager of the Brunswick Steel Worlks. He:
was given unlimited authority to take laber and materials fram other
industries, and at one time he commnded a labor force of 350,000 per~
gons. "He is responsible®, Hitler had deoreed, "for tackling the work
turned over tc him with a generous supply of menpower and material and
reckless energy. The speed of the work is not to be impaired either by
formal or re gional obstaclea",

The underground and dispersal program, as originally romulated.
was expected to supply Germany with 82 per cent as much aviation
gasoline as had been produced in January 194, 25 per cent as much
motor gasoline, half o8 much lubricating oil of all types, two-thirds
as much aviation lubricating oil, and 88 per cent as much diesel oil.
But, despite Geilenberg's prodigious efforts, only about a million bar-
rels of straight-run gasoline and diesel oil and & smll amount of &
blending agent were obtained up to the end of the war,

Ayiation Fuel The program called for production of 130,000 tons
of aviation fuel per month (37,000 bbl. per day), beginning in the sum~
mer of 1945, but none of the aviation-fuel plants could have started
until late that Fall,

Seven high-pressure catalytic hydrogenation plants were to have
been built underground ani one above ground, to proiuce 92,000 tom

-l-



of aviation gnsoline and Jet plane fuel per month, Six were to be fed
tar from coal-carbonization plants, and two mere to be fed gas oil and
residuum from crude. Only two of these plants were etill under construc-
tion when the war ended, and work on the others had been dropped

rreviously.

A more complicated underground plant, to produce 19,400 tons of
aviation fuel per month, was planned at Niedereachswerfen, This was
to have been built in a gypsum cliff alongeide an underground V-1
and V-2 factory, a Junkere aircraft plant and a liquid-oxygen plant.
The inetallation was to have included two vapor-phase hydrogenation
unites operating in series, and a catalytic cracking unit teo convert
coal tear and crude oil distillate into aviation gasoline; a bydro-
forming unit to increase the octane number and aromatically of stralght-
run and hydrogenated gasoline, and an alkylation and butane dehydrogena-
tion unit to produce iso-octane, When Cermany surrendered, however,
the tunnels for this plant were only three-fifthe completed, and only &
emall amount of the equipment had arrived at the site,

The aviation-fuel program alec included several emall plente and
five units to produce blending agents. One of the latter, capable of
producing 1,400 tons of di-ethyl-benzene per month, began operating
in January 1945. Other aviation-fuel plants were under comstruction,
but not finished, when Germany collapsed.

Motor CGagsoline The motor gasoline program was expected to pro-
duce 41,000 tons per month (12,000 btl, per day), of which about one-
fourth was to be fed to the aviation gaesoline plante, Forty-cne dia-
persed plants were completed, which could have handled all of the crude
0il produced in Germany, but lese than 40 per cent of their capacity
was used, mainly because of transportation troubles,

To produce motor gasoline from crude oil, the Germanes planned
forty emall distillation units in the hille, in the woods, in cuarries,
and sometimes underground. Thirty-eix of thesce were in operation in
the Fall of 1944, These dispersed plants were camouflageé and too emall
*d widely ecattcred to be attractive targets for bombders. They were
completed in four monthe and each one had a crude capacity conserva-
tively eestimated at 3,000 tons per month. In addition, five primitive
distillation units were milt in bombed-out industrial plants, where
they were camoufleged by the wreckage. Theee were continuee shell
stille dbuilt from boilere and salvaged eocuirment.

Par from the dispersed crude distillation unite wae to have been
used as feed for the lubricating oil plante, but destruction of the
latter forced them to store it in open pite, Two modern thermal crack-
ing units were being built to use thie tar to rroduce garolire, diesel
and fuel oils, These unite were removed from damaged refineries tc
gites protected by cliffe or woods,

)
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Destruction of hydrogenation plants also left the Germans with
an excees of tar from coal-carbonization, so they vlanned 32 small,
primative, cracking unite to make use of it. Ccnetruction of these
plants, however, was not very far along,

In addition they started to build ten emall Fiecher-Tropsch plants
above ground, to make motor gasoline out of carbon monoxide and hydro-
gen from city gas worke,

Tubricating Oi1 There are several operating steps in the vroduction
of lubricating oil, and considerable storage of intermediate producta is
neceasary. Hence, diepereal of these plante was not coneidered feasible,
and plans were made to go underground. Six were to be built underground,
and two were to be concealed in woods and valleys. These plants were to
have been quite complete, and were to have produced 38,000 tons yer month
of lubricating oil of which 6,000 tone would have been aviation grade.

All grades, from light machine oils through heavy cylinder oils and waxes,

were to be produced.

More progress was made on these plants than on other parts of the
underground program, If the war had continued, end trensportation had
been available, the Germane probably would have been fairly well surplied
with lubricante in the Fall ol 1645,

Diesel 0il Diesel 0il wes to be nroduced largely as a dby-product,
but two typee of plants were designed expressly for production of this
fuel. Six plants were being built to remove phenols from the middle oil
produced in coal-carbonization plante, thereby making it suitable for
diesel oil and recovering the phenole for use in the chemical industry.
In addition, ten primitive units for the extracticn of oil from shale
wvere planned and makeshift operations were started in some of thea.

The shale wae piled about 10 feet high, covered with a layer of peat,

and ignited. Air was then drawn through this mass and the combustion
which occurred yproduced enough heat to crack oil vapors out of the shale.
There vapors were condensed to produce a very low grade of diesel fuel,
usuable only in hot buldb (semi-diesel) engines, All told, the Germane
expected to get 38,000 tons of diesel oil per month from their phenol-
extraction and shale-oil plante, Thies and by-products from other
cperatione would have given them 159,000 tons per month, but the diegel
01) reovired tc feed cracking unite and e hydrogenation plant would have
reduced the output to 103,000 tons per month,

In addition to thege projects which were part of an integrated
program, several emall plants were planned to tale advantage of local
rituations., Three wore to be built, for instence, with ecuipment sal-
vaged from the Schdlven hydrogenation plant after it was bombed, another
wae tc be a small Fischer-Tropech plant with 20 ovene in the face of a
cliff, and another wae to be a dewaxing unit for lubricating oil in the

bacement of o brewery.
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The whole program celled for about 140 separate plants, varying
greatly in esize and type, was to cost 1,400,000,000 RM and would have
required at lesst 200,000 men's labor for a full year,

The scarcity of labor and materiales, the loss of conatruction sites
to the advancing Alliee, and chenging conditions compelled the Germans
to revise their plans repeatedly. The program, in fact, waes cut in half
in the last few months of the war,

Prof. Krauch, Commissioner General for problems of the Chemical
Industry, estimated that it wam three times as coetly to put plants
underground as to build them on the surface. Dr, Fritz Ringer, head
of the Mineral Oil Bureau under Dr, Buetefisch, ecid the program could
not have been completed in time for World War II, and Geilenberg him-
self sald he had told Goering in October 1944 that the oil industry
could not be saved unless énough fighteres were put in the air to protect
the refineries above ground.

The most serious weekness in the underground and dispersal program
wvae the reliecnce on railrcad transportation. Most of the plants de-
pended on the railroade both for their raw materials and distribution
of their products. This contridbuted to the overloading of the railroads,
which were already severely damaged by aerial attacks. The vulnerability
of the transportation facilities was o great that many responsible
Germans admitted that etrategic bombing could have paralyzed the industry
even if the underground and dieperesal program had been completed.

The sources of feed for aviation-fuel plants, furthermore, would
#®il1 have been vulnerable if these plants had been put intoc operation,
because no steps had been taken to protect the carbonization or coal
hydrogenation plante on which the underground plante relied for their
feed,

Centralized underground plante would Lave been lees vulnerable than
the disyéreed plante dbuilt by the Germans, Thie would have involved two
or three large underground refineries, near the German oil fields in the
Hannover and the Danube areas. In addition, several large underground
coal hydrogenation and carbonization plante wonld have been needed near
the coal deposite, These large refineries cculd eanily be subdivided
by eplitting them up into spparate tunnels so that an accident to one
would not affect the others.

This program would necersarily include crude oil pipelines from the
fields to the refineries and a network of product linee for distribution.
Distances within Germany are not too great and the steel that went into
replacedent of bomb damage probably woudd have been sufficient to cover
the pipe linee reouired,

¥With thie type of program the Germans might have been able to supply
their military forcer with a respectable gquantity of oil producte despite
strategic bombing.
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TABULATION OF INDERGROUND AID DISEERSAL PLANTS

Lode Nazg
DACHS
FASAN
FRITZ
ILTIS
JAXCB

KIEIN SCHOL~-

ERANICH

KUCEUCK

KUGELOFEN
KYBOL
MOLCH

CFEN
ROST

Literal
Zranclation

Badger
FPheasant
Fritz
Polecat
Jacob

Carp

Little Scholven
Crane

Crawfish

Ball furnace

Salemander
Furnace
Grill

e

Ia:xbricatins 01l
Benzene alkylation
Iube oil dewaxing

Superfractionation

Cracking

Small Fischer-Tropsch

Small hydrogenation
Catalytic cracking
Fischer-Tropsch
Catalytic cracking
Hydrogenation -
Hydreforming
Alkylation

Light cracking

Di-ethyl-benzene

Fhenol extraction
Crude distillation

Primitive crude
distillation

*Figure indicates number of plants plmned,

Nce

22

1,0

Bemaris
Underground

Concealed
Concealed
Concealed
Concealed
Concealed

Concealed
Concealed

Underground

Underground
Concealed

Concealed &
Underground

Concealed

Concealed

Concealed



ZABULATION OF WNDERGROUND AXD DISIERSAL FLANTS - cont'd

Literal : Noe -
Sode Meme ,  Ixapslation Iyze . Hemeris
SCHWALEE Swallow Hydrogenation 6 Undergrownd
STEINBOOK  Goat Catalyst manufacture 2 Undergrownd
TAD B . Dove e Ofeadne ‘ 2 Concealed
WUESTE Desert Shale oil- 10 Concealed
RAEE Crow Tetraethyllead 1 Underground

#Figure indicates number of plants plmned,

NS USED Iy THIS REFORT

All capacities and production in this report are given in metric
tons per month, !

1 metric ton = 2204 lbs,

1 ton of gasoline « Approx 8,6 bbl (42 gallon)
1 ton: of Diesel oil = Approx 7,3 bbl

1 ton of Iube oil = Approx 7.0 bbl

or 1 ton: per month +287 bbl per day of gasolin®

10
24y bbl per day of Diese
«233 bbl per day of Iube 0il

In general capacities are based on 25 days operation per month
as that was the practice in Germany,
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FARL 1
Jatroduction

The raids on German refineries and synthetic oil plants during
the sunmer of 194, caused a gerious loss of preduction, particularly
of aviation gasoline, Since the plants were attacked at interwals so
short as to limit makeshift production to a few days only, it was
" decided that drastic measwres were reguired to prevent the ultimate
destruction of the German oil industry.

An order from Hitler, dated May 31, 194}, created the position of
a General Commissioner for "Immediate Measures®”, under the Reichs«
minister for Amement and Mar Froduction (the Speer Ministry) who was
to speed up the reconstruction of the bombed oil and chemical plants.
Reichminister Speer aprointed Mr, E. Geilenberg to this position and
he was invested. by Hitler with almost unlimited powers to requisition
labor and material from other industries, if necessary, to accomplish
his missione 3

Development of Froduction Duping 1G4

In May and June, 194), the Air Force attacks on the German petro-
leun injustry began on a large scale, In some cases the attacks stop-
ped production campletely, and in others only partially, As a result
of ccentinued air attacks, the situation became more acute and developed
into a race between destruction and reconstruction, in which finally
reconstruction could not keep pace., In addition, these plants could
never be brought to their full original capacity because parts of the
plants had been so badly damaged that it was not possible to repair
them in any reasonable time. From these badly damaged plants,
material which was still usuable was removed and used for reconstruction

velsewhem .

This reconstruction used up a geood part of the reserves of equipe
. ment and duilding materials, as well as equipment on order for new
plants, and after a short time it became more difficult to get replace~
ments and the raids had considerably more effect., It was estimated
that the repair of the existing plants required as much labor and
materials as the continuous building of three large hydrogenation
plants,

The first task of the Geilenberg organization was the repair of
the damaged hydrogenaticn plants. One month later, the crude oil re=-
fineries were added and within two months the program was exranded to

include the nitrogen plants.
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ir the j
first, the organization functioned eolely to repa r-8
danag:; plant;. in the shortest Possidle time, it 14 soon became appé
ent that the problems

arising from air raid damage could not be 80%196 |
merely by reconstruction, It ¥as necessary to remntve plants to sa

places 6r to 8o disperse them that resultin

t
rart of the production. At this time, abou
June, 1944, the planning was

a
Btarted which resulted in the “ndersrg::ﬁ
and dispersal planning of the Fal] gng ¥iater of 1944. fThe Geilen

the oil in- {
organization was €iven the add ob of diaperaing ¢
dugzgy to reduce its vulnerability. end to relocate the more importan

and complex plants Ch manner that they would be
safe from air attack,

b o

Tons Total German Percent
per Production

Honth Jan 1944

Aviation Gasoline

120,000 159,000 82
Motor Gasoline 30,000 * 113,0n9 26
Diesel 01) . 103, 000 117,000 88
Iodbricating 011 - all tyvee  aa.nog 76,000 50
Iubricating 011 - Aviation 6,000 9,000 67

for refining crude 01l had more

crude oil vroduction in 3°’m‘zz;
but they coulg not replace the mOtor gasoline Froduced by hydrogenat
and Pilcher-Tropoch Processes, hart of the underground and
dispergal Program {s shown op Page 10,

Thge report s divided 4

PART I coneists of a dis-
cuseion of the Program and Plants {n

&eneral including overall cost,
labor ang Production flgures, pppp It
theets on ingiy

conslsts of a meries of data it
idual plante, mpi, information covers locatione, pare 5
Companies, Completion dates, Coet and labor estizates, production caps
cities, tiaplifieq flow diagrame ang de
édual projecte,

1o
tailed diecussions of the 1ndif

oL, OrAn may be divided loglcally DY
actured, ang this report will &roun them as followe:

Aviation Puelsn
Motor Casoline
lubricating 011
Disael Poele
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AJIATION FUBLS

In January, 1o, aviation gasoline production in Germany was
aprroximtely 159,000 tons per month and came almost exclusively from
hydrogenation. . The attacks in the summer of 194l reduced this produc-
tion to one-third of normal and while it recovered to about 50% for a
short time, it was reduced by further attacks to about 2% by February,

1945

As the result of the destruction of aviation gasoline potential, -
it was decided to move a large jroportion of the hydrogenation plants
underground in spite of the admitted hazards involved, Since the
hydrogenation plmts were very large and involved a great deal of
equimment, their dispersal required a relatively long period, and in
oxder to avoid losing what capacity was available it was necessary to
move the plants in stages, Because of the large areas required, a
great deal of excavation was necessary before much could be done in
the way of moving equipment and by the time the tunnels were ready,
caonsiderable salvaged material was available,

Originally, it was planned that these plants would start produce
tion in the swmer of 1945. Because of shortage of explosives and
transportation, and requirements for a large amount of labor for re-
pairing current damage, the program kept falling behind schedule: and
it is certain that none of these plants would have started before late
Fall, Initially, the program involved eight JCHWALEE or hyd rogenation
plants, three KUCKUCK aviation gasoline plants, three E¥BOL (di-ethyl-
benzene) plants, three ILTIS or superfractionation plants and a FRANICH
or catalytic cracking plant.

: These were %o be high-pressure catalytic hydrogenatiocn
plants almost entirely underground (except SCHWALBE 8). These units
were to be vapor phase only and were to feed tar and gas oil from crude,
as well as tar from ccal carbonization and hydrogenation plants in the
Ruhr, Central Germany and Upper Silesia, The plants were to be built
in two steps, each about half capacity with the second step completed

about two months later, €

The coal hydrogenation plants were to Le left above ground because
of the large area required to accamodate them.

The plans for the underground hydrogenation plants were not very
far along 2nd apparently the problem of hydrogen production had not
been settled. The existing plants manufactured hydrcgen by the re-
action of steam with ccke at high temperatures, This requires large

wile



equipment and feeding of coke in bulk, meking it difficult to eliminate
leakage of gas, which in an underground plant is, of course, very -
hazardous, Froduction of hydrogen by electrolysis of water was sugges ted
but this would have used a tremendous amount of power and probably would
have required construction of new power plants. If these were to have
been placed underground, the necessary excavation probably would have s
been even greater than that for conventional hydrogen menufacturing plants.

In all, eight underground hydrogenation plants were discussed, three
of which were to feed tar from carbonization of coal, three were to feed
tar from Brown Coal and the other two were to feed gas oil and residuum
from ¢crude (see page 19). To a considerable extent, these plants were %
be interchangeable as to stocks, The total capacity of these eight planf
was 13,000 tons per month of feed stock and they were to produce 92,000
“tons per month of aviation gascline and jet plane fuel.

As a result of shortages of labor, explosives and materials and the
less or threatened loss of plant sites to the Allies, this progrem was

reduced to six plants and finally to two. The status at the end of the
- war was as followsi

Hydrogenation Plants

SCHWALEE 1 - Excawvation 50% complete..

2 = Project switched to nitrogen and methanol
production, Excavatzion jucst started.

3 ~ Site clsared, ready for excavation, This
project was droppred 31 March, 1945.

4 - Ready to start oxcavation. This project
was dropped in March, 195.

2 -~ Excavation about 308 canplete.

= Planning had just been started.
7 = FPlanning only,.
8 «~ Planning only.

At the end of the war, only SCHNALEE 1 at Oberrcedinghausen and
SCHWALEE 5 at Berga were still under construction, with a total antici~
pated preduction of 25,000 tons per month, ~

KUCKUCK: Only one of these plents passed the discussion stage,
This was a rather complicated underground installation designed to
operate as a se¢lf-contained unit feeding only tar from sunp phase
hydrogenation of ccal, gas oil from crude distillation and crude gaso-
line, and converting it all to gasoline and a small amount of fuel
oil. It consisted of the following units:

.12 -



Two vapor phase hydrogenation plants operating in series to
convert coal tar to aviation gasoline.

One catalytic cracking unit to convert straight-run gas oil
to aviation gasoline.

One hydroforming or DHD* unit to increase the octans number
and eromatic content of strmight-run and hydrogenated gasocl-
ine.

One alkylation and butane dehydrogenation plant for the pro-
duction of alkylate (iso-octane).

The capacity of thie plant was to be as follows:

Hydroformed gasoline (DHD) 8300 tons per menth,
Aviation %aaolino. 94,00 tons per month,
Alkylate (iso-octane 2200 tons per month,

Total aviation gasoline 19400 tons per month,

The EUCKUCK was located in a gypsum cliff near Niedersachswerfen.
A V-1 and V-2 manufacturing plant, a Junkers aircraft plant and a
liquid oxygen plant were also installed in this formation. See pige 83.

A consideradble number of tunnels were excavated under an arrange~
ment between the WIFO (a government agency concernad with storage
of oil, etc.) and I, G, Farben, made in 1935, wheredy I. G, Farben
wao to change their existing cpen-cut mining of gypsum, to tunneling
in order to provide underground storage for oil. These tunnels were
used for the V-1, V-2 and Junkers plants.

The tunnel program was later expanded to receive the plants
enuterated above, and at the end of the war tunnels for the KUCKUCK
were about 0% ccmplete. Only & small amount of equipment had are
rived at the plant site by the end of the war,

KIBOL: These units produced di-ethyl-benzene for use as a
blerding agent to improve the octano number and rich mixture rating
of aviation gasoline. It is similar chemically to cumene which is
wed in the U, S, for the same purypose.

*Druck-H2-Dehydrierung (literally, pressure-hydrogen-dehydrogenation)s
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The cnly KYBOL unit in operation was erected in a building of an
8xisting chemical plant at Gendorf. This plant started operation in
Janwry, 1945, and as far as could be determined was the only dispersal
Plant to operate with the exception of the small crude units,

This plant had a capacity of 1400 tons per month of di-othyl-
benzene,

A second di-ethyl-denzene plant was originally planned as part
of STEINBOCK 2 at Unterlogquitz, but was later abandoned (Januvary, 195).

A third, to be operated in connecticn with the TAUBE or oracking
plant at Deggandorf, was to produce a mixture of ethyl and propyl bdene
%nes for the same purpose. This was known as FASAN 2.

SLLIS: Three of these plantas were considered, but two of them
were dropped. They were to be superfractionating units for separating
high-oetane components from motor gasoline for use as aviation blend
8%ocka, The one remaining plant under constructicn when the war ended
Yould hawve produced 1000 tons per month of aviation gasoline. It was
duilt above ground and had fractionmating columns 130 feet high,

H&‘CCIQE}: The XRANICH was a catalytic cracking plant with a capae-
City of 4300 tons per month of aviation gasoline, It was in the plan-
Ring stape only.

il SCHOLVIN: ‘When the Scholven hydrogenation plant was de-
8troyed by bombing it was decided to build thive small hydrogenation
Plants to be hidden in the neighborhocod. Two of these were to e
€48 phase and the thimd a combinaticn gas and sump phase unit,

The total aviation fuel capacity of the underground plants was

o have been approximately as follows:
Tons per Mo,

SCH-.‘.‘JBE 1-8 Hydrogenation 7Ry 900
KUCKUCK 1 19,500
IL'I_‘IS 1-3 Superfractionation 3,000
E\{?CL 1-2 Di-ethyl-benzene 2,800
abee AN 1.2 Ethyl and propyl benzenes v 500
KM\_NICH 1 Catalytic Cracking 4 4300
KIEIN ScHOLVEN Hydrogena tion 2400

Totgl - 130.300
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Figure 4 - Little Scholven Rydrogen Plant - After the Seholven plant was bombed ,

was removed and scattered through & woods near Huels.
but were

equips
These ovens nre normally vertice

installed almost horizontally to conceal them despite doubt ax
ability, The one at the left is in operating position,

to their opers

e
|
w5 Figure 5 - The high pressure seperator and control manifold of one of three dispersed

plants built with equipsent from Scholven is shown here. The wellscamouflaged hunkel’..

on the left wan the control room; manifold valve handles wore extended into this bunsk
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« This discsllation unit was used with the

- Little Scholven Hydrogeaation Plant

These units sere » quarter of o mile spare.

shown on the preceding page.

hydrogenation unit

the contraol

close-up of the distilintion

shown abave., photograph shows

part of the plant.
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MINERAL OIL SECURITY PLAN

COAL TAR

THRUPUT=46500

] ]

[ L
TAGE I | STAGE STAGE I | STAGE 1L |
HWALBE SCHWALBE 4 SCHWALBE 3
A HEGGEN nEAR FINNENTROP POLENZTAL SCHANDAU OBERF
HYDROGENATION PLANT GELSENBERG-BENZIN AG. SUDENENLAND NEAR RHEIN.
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h
| AUGAS | I NOV.45 | 10CT.45 | 10 CT..
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0
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AvIATION casounel| 580 | | 5490 | (5000 | |5000 | | 5000 K4000)|5000 [(G00o)
g 0 ¢8o| | 950 | | 600 600 [(1400) | Goo [(1400)
DIESEL FUEL \
5600

10400)| 5600 [(10400)

'™




ECURITY PLAN

HYDROGENATION PL

UNDERGROUND & DISPERS/

COAL TAR

THRUPUT=46500
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STATUS AS OF 22 NOV 44
METRIC TONS PER MONTH

T M CRUDE OIL DISTILLATION
GASOLINE G6AS OIL RESIDUUM
7800 22700 20000
T
'_ UNDER CONSTRUCTION
— PROJECTED
7800 8700 16000
CRUDE GAS OIL GAS OIL
GASOLIN
1100
BKT
STAGE T | STAGE
E , 'AGET] |
5 KUCKUCK SCHWALBE 8 SCHWALBE 7 |
NIEDERSACHSWERFEN TETSCHEN WOLLIN
1.6, ~LEUNA WELHEIM
LEGEND:
[CODE NAME - ScHwALBE ;
LOCATION - BERGA (THURING EN
PARENT COMPANY - BRABAG ZE|
COMPLETION DATE!
Mool | 1400 1400
8300 | ITO0
1700 —4500 7700° TJooo 101l 300
_qﬂ T | 900 900 i2 450
m 8800 8 800
14700 7900 J900 133950
19900
— B~ ~




Figure 11 page 22 shows actual production for 1944 and the de=-
velopment of planned capacity for the production of aviation gaso=
line by the underground and dispersal plants on the assumption thas
the original progrem was carried out. It is evident that the pro-
gram would have had tc start at least a year earlier in orxder to be
effective,

Thece plants were to be built at an estimated ccst of adbout
1,100,000,000 RM, of which approximitely 200,000,000 RM, was ex-
Pended up to the end of the war, This would correspond to a total
manpower requirement diverted from Gemman industry of nearly
50,000,000 man days or over 160,000 man years, This estimate of
manpower included the lador required for fabrication of eguipment
from raw materials and represents roughly the total drain on
German manpower required for this project. See page 67 for basis,




AVIATION GASOLINE
(Greater Germany)

COMPLETION DATES - UNDERCROUND AND DISIERSAL PLANIS

Completion Date Llant
1 Feb 195 Kybol
1 June 1945 R €5 £ 77 Y
(snt:::: :.::o;wn 1, 2
1 July 1945 Klein seholven 3
1 Sept 1945 : Fasan 2
1 0ct 1945 i Schwalbe 5
1 Nov 1945 Euckuck
15 Nov 1945 Schwalbe 1
1 A 1946 Schwal be 2
1 May 1946 1 Schwalbe 3, 4
1 June 1946 (Schwalbe 6, 7, 8
(Iltis 2, 3

1 July 1946 Kranich
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MONTHLY

AVIATION

AVERAGE

PLANNED CAPACITY OF UNDERGROUND AND DISPERSAL PLANTS

COMPARED TO TOTAL GERMAN PRODUCGTION
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- WOTOR GASOLINE

Motor gasoline was prcduced at the crude oll refineries and
hydrogenation plants and included same Benzcl from carbonization coal,
Since motor gasoline was produced in a large numdber of plante, the
effects of air raids were not as acute as cn aviation gascline, but by
the end of 194, motor gnsoline production was down to 50,000 tons per
month, as compared to 118,000 tons per month in January, 194. This
loss occurred in spite of the fact that considerable progress was
made in dispersal of the crude oil production,

Disyersal of crude running capacity was accomplished by building
38 small‘distillation units of a standard type called "OFEN" with a
total capacity of 11,000 tons per month thruput. These units were
usually built on the sides of hilla, in the woods, in quarries and
in a few cases underground, They were protected against air raids
by camouflage, and further should not be attractive targets because
of their small size and great dispersal. This dispersal, however,
increased the transportation problem seriocusly since all crude and
yroducts were handled entirely by railroad. Also, these plants had
only four days' storage for crude and were often run at low rates
because of lack of feed stock. Steam was furnished by two or three
locomotives which were originally captured in Russia,

Thirty-eight distillation units were campleted and in operation
out of forty originally planned. Two were ‘dropped before construction

was started, The capacity was rated very conservatively at 3000 tons
rer month per unit,

"ROST": In addition to the "OFEN" plants, five auxiliary dis-
tillation units called "ROST* were built in the wreckage of bombed
out industrial plants, using the wreckage itself as camouflage. These
were rather primitive distillation units of the continuous shell still

type, usually using four or five boilers with amall fractionating columns

mounted on top.

Actually, shortage of crude and transportation limited the useful-
ness of both types of distillation units and less than half of their
capacity was ever utilized. The residuum from these units was to be
used as feed stock for lubricating oil production, but destruction of
lubricating oil plants lead to the accumulation of & large backlog of
residuum and it was necessary to store it in open pits in order to
continue the production of gasoline and Diessel o0il,

TAUBE: 4As a result of this excess of residuum, two "TAUBE" or
eracking plants were built to feed straight-run tar. The "TAUDE"
were full scale cracking plantg built above ground in woods or along
the sides of a ¢liff for protection. These were relatively modern
plants usually removed from refineries that had becn damaged by air
attack and were to produce gasoline, Diesel oil and fuel oil., Con-
struction on both plants was quite far adwvanced.
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The "XKAICFEN®' were small Fischer-Tropsch plants built
above ground in the vicinity of existing city gas works., The water
gas used for city gas supply was fed through these plants to produce
a small amount of motor gasoline and Diesel oil synthetically, These
plants required a considerable amount of equipment and produced very ‘
1ittle gasoline. Two of these plants were in the advanced stages of
econstruction and the other eight were about 50% complete.

Destruction of hydrogenation plants resulted in an excess of tar
from low-temperature carbonization of coal and it was necessary to
build cracking plants for its utilization. As a result, a program
was started for the construction of thirty three small cracking units
called JAKOES and KUGELCOFENS. E

JAXOB: The "JAXOES" were primitiv:e eracking plants and were
caly in the planning stage. A4ll eleven were to be built above greund.

KUGELOFEN: Twenty-two *KUGELOFENS® were to be built from re-
claimed equipment, usually in refineries that had been bombed ocut,
They were intended far light cracking and each had a capacity of
700 tona ver month, This project apparently was still in the plan-
ning stage. :

Tar was also cracked by feeding it into the coke beds of low-
temperature carbonization plants at about 1300° F, The tar cracked
to gasoline and middle oil with the formation of considerable cracked
gas.

tion Tar mature Carbonizatio

Feed (10 plants) 10,000 tons per monthe

Gasoline produced 1,000 tons per month,.

Middle oil ) ,000 tons per monthe

X CITY - TONS EER MO
Ofen 1 to 38 Crude Distillation 114,00 14,5600
Rost 1 to 5§ Crude Distillation 7000 28000
Taube 1 to 2 Cracking 5000 3000
Jekob 1 to 11 Cracking 8250 6900
Kugelofen 1 to 22  lLight Cracking 3000# 3000
Kranich 1 Catalytic Cracking 1,00 8800
Karpfen 1 to 10 Fischer Synthesis 350 400
Dachs 1 to 6 Iubricating Cil 3300 16}, 00
Schwalbe 8 Hydrogenation Juco 8800
TOTAL 41100 120500
$Estimated
-ﬂ’
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This figare of 41,100 tons per

reduced to 31,000 tons

the necessity of oroviding crude
gasoline feed for the EUCKUCK hydroaf
tion plants when they are started

Pigure 21 Page 32
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AL TAR STATUS AS OF 22 NOV44
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MOTOR GASOLINE
(Greater Germany)

COMPLETION DATES - UNDERGROUND AND DISFERSAL BLANTS

Completion Date Llant

1 Nov 1944 Ofen 1 - 38

1 Feb 1945 | Rost 1 - 5

1 May 1945 (Jakob 3, 9
(Karpfen 1, 5, 6
(Taube 1, 2

1 June 1945 (I1tis 1

(Jalmb 1. 2. l‘. 10
(Karpfen 2, 3, 4

1 July 1945 (Jakob 5‘
(Karpfen 7, 8, 9, 10
1 Nov 1945 Kuckuok
1 Dec 1945 Jakob 6, 7, 8, 11
1 Feb 1946 Dachs 4, 5
1 May 1946 Dachs 8
1 June 1946 (Iltis 2, 3
5 (Kranich
(Kugelofen
(Schwalbe 8
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AUBRICATING QI

In January, 1944, prodwtion of lubricating oil was about 76,000
tons per mcnth, of which about 12% was aviation grade oil, The remain-
der was used for motor oil and industrial eoils,

Iubricating oil production was almost entirely confined to crude
oil refineries and since the [rocesses are rather complex, consider~
able storege of intermediate products is required. Usually, when a
plant is producing several kinds of lubricating oil, storage of in-
termedia te products will amount %o one or two month's output of the
plent. As a result, these lubricating oil plants were pa rticularly
vulnerabls to damage from air attack and there was a serious loas of
lube oil production in 1944 . It bad not reached the critical stage
because the loss in gasoline production had reduced the demand for
lubricating oil.

‘Because of the fact that lube oils require several different
refining steps in their production, it is not feasible to disperse
them as was done with the erude distillation units and, in oxder
to assure lubricating oil production, it was beiieved essential %o
locate these plants underground. Jn all, six plants were to be
built underground and two were to be hidden in woods md valleys.
These "DACES" plants were quite complote inm all details and in-
cluded vacuum distillation, furfural extraction, propans de-
asphalting, dewaxing, sulfuric acid treating, clay treating and
in two cases, synthetic lube oil production, 7They produced all
grades of lubricating oils from light spindle oil through the
heavy cylinder oils and waxes and both aviation and motor grades
of oil,

The lubricating oil plants were further along than the rest
of the underground program and one of them, at Forta, was nearly
complete. Figure 23 page 36 is a pictorial layouts of $nis plant
showing the equipment in place in the tunneis, Note that in scme
places there are two and even three floors in the tunnels, each
carrying equipment. Figures 24 to 35 are photographs taken in the
game plant. ;

Figure 36 page 4 shows the planned capacity for lubri-
eating oil production of the underground program and actusl German
production for 1944,

Figure 37 pags 45 is a reproduction of & German flow-chart
showing the processing of all available Gyrman crude oil through
the dispersed distillasion units and the cracking and underground
lubricating oil planta.



The following table indicates the rroduction capacities and
status of the work on the eight (8) lubricating oil plants:

Undexground lubpicating 01l Plants - Capacity And Status
SAPACITY T/MOg STATUS
Machine Motor Aviation
—911- 2 m &
Dacha 1 3000 1950 500 Nearly campleteo Y
3000 2000 1800 8 "OFENS* in operation under=

ground, Starting installation
of treating equipment,

N

3 840 930 Finish about 1 August, 1945.
4 6635 2200 700 Excavation 30% complete.
_2 : 1000 2000 Abandoned.
800 2,00 Abandoned «
7 1300 1900 BErection of equiyment just
startinge
8 LIEQ S —lll . Abanionede
TOTAL 19735 12380 6020

If the war had continued and transportation had been available,
the lubricating oil situation would have been reasonably favoradble by
the Fall of 19,5,

FParaflow, a lube oil additive, used for depressing the "pour
point® was to be manufactured in an underground plant at Unterloguitz.
This plant (STEINBOCK 2) originally was to manufacture hydrogenation
catalyst, paraflow and di-ethyl-benzene (KYBOL plant), later the
"KYBOL* was dropped in order to expedite work on the paraflow plant,

It 18 estimated that the cost of the Fareflow unit and the eight
lubricating oil plants would have been about 169,000,000 R, Tha
total cost in manpower would have been approximately 25,000 man yearss

T
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'!('.nrr 27 - The vacuum pump in the foreground of this photograph served the t'.'rlur..n;A::x n
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Figure 32 - Underground Lubricating Oil Plant st Porta - These Inrge pieces of equipment
were dewaxing unit filters, crowded inte a tunnel of the Porta underground lubricating

oil plant, These were » new type of filter, never tried before in s commercial plant.

%58

of the [iltecen shown above, Filter trays

ves Pigure 33 « This photo shows the mechanisn

moved on » continuous chain and vacuum was pnpplied by means of shoes contacting »

hollow rasl,



Figure 34 . Underground Lubricating Oil Plant at Portas

« This boiler was erected above
ground to save Lime,

A secood boiler was to be bullt

underground after the plant way
started, and this one was

to be moved undecrground eventually.

:

rerourd Lubrienting Oil Plant st Porta « The feoed

tanks were hidden in the

' finte st1orny wis underground.,



LUBRICATING OIIS
(Greater Germny)

SOMPLETION DATES - UNDEFRGROUND AND DISYERSAL ELANIS

Somploticn Date Elant

15 May 1945 Dachs 1

1 Aug 195 Dachs 2, 3
1 Sept 1945 Dachs 7

1 Feb 19,6 Dachs 4

1 Mar 1946 Dachs §

1 Apr 1946 Dachs 6

1 May 2946 Dachs 8
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IMINERAL OIL SEGURITY PLAN
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RIESEL IORL

Diesel fuel was produced primarily by the crude oil refineries .and
the distillation units of the dispersal program, but late in 1944 it was
decided to produce Diesel oil from the middle oil fram low-temperature
carbonization plants (code name MOICH). This was to be accamplished by
extracting the undesirable phencls and cresols with methancl leaving an
oil which could bde converted to a marketable Diesel oil with a simple
Zistillation. Nommally, the middle oil bad been hydrcgenated, in which
process the phenols are destroyed, but the destruction of hydrogenation
plants had resulted in a btacklog of this product.

In addition, primitive units, called WUESTE were built for the
extraction of oil from shale. The shale was piled about 10 feet high,
covered with a layer of peat and ignited. As a result of partial
combustion, sufficient heat was produced to orack oil vapors out of
the shale. (See schematic drawing on page 49). These vapors were ocon~
densed for the production of a very low grade Diesel fuel which could
only be used in hot bulb engines (semi-Diesel).

DIESEL OIL CAPACITY - DISFEFRSAL FROGRAM

Capacity Ssatua
Moloh 1 1 » 000 Neoarly completed,
(Phonol 2 44400 Nearly ccmpleted,
Extraction 3 2,100 Comploted..
4 %.%gg To be finished 30 June, 1945.
2 1:700 To be completed 15 June, 195.
Fueste 2, 4, 8 amd 9 7,200 In makeshift production.
Ghale 1 1,800 Ready for makeshift production
in June, 1%0
041) 34 5 64 70 10 _9.000 FPostponed: - 3 months to camplete,
' 38,100
By products from other
plants 220,900
TOTAL 159,000

The above production of Diesel fuel would be redwed to 103,000

| tons per month by the necessity for providing Diesel oil for feed to
| the catalytic cracking units and one of the hydrogenation plants,

Figure 41 page 51 shows the planned capacity of the dispersal pro-
gram for the production of Diesel oil as well as total German Diesel

oil production for 19%4.
46



The cost of the Fhenol extraction and shale
approximate ly 70,000,000 RM, or about 10,000 man
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RISEL QIL
(Creater Germany)

COMEIETION DATES - UNDRFGROUND AND DISFERSAL PIANIS

Gompletion Date Xlant

1 Nov 1% Ofen 1 - 38

1 Fed 1945 Rost 1 = 5

1 Apr 1945 (Molch 3
(Wueste 1 -~ 4§

1 May 1945 (Dachs 1
(Jakod 3, 9
(Karpfen 1, 5, 6
(Moleh 1, 2
(Taudbe 1, 2
(Muests 5 - 7

1 June 195 (J‘kOb 1, 2, 4, 10
(hl‘pfﬁ 2, 3¢ 4

1 July 1945 (Jakod 5
(Earpfen 7 -~ 10
(Molch 4 - 6
(Wueste 8 - 10

1 Sept 1945 Dachs 7

1 Nov 1945 Kue kuck

1 Dec 1945 Jakob 6, 7, 8, 12

1 Feb 1946 Dachs 4, 5

3 May 1946 Dachs 8

1 June 1946 (Kranich
(Kuge lofen
(Schwalbe 8
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MISCRLLANEOUS PLANIS

In addition to the above units which were jart of an integrated
program, there were & number of dispersal plants whi ch apparently werd
built to take care of local conditions, such as the destruction of a
plant an an attempt to rebuild in smaller units.

ELEIN SCHOLVEN 1 - 331 After the bombing of the hydrogenation
plant at Scholven, it was decided to build 3 small units from salvaged
equipment,

KIEIN SCHOLVEN 1 was to be a gas phase plant receiving its hydro=
gen by pipeline from the unit at Huels.

KIEIN SCHOLVEN 2 was to be & sump phase plant for the hydrogenatiod
of coal and the Number 3 plant was to inelude both sump and gas yphase
units. All of these were to be built in concealed locatioms in the
neighborhood of the original plant, The three units would have produced
about 7500 tons per month of aviation gasoline.

The KUGELOFENS were to be primitive cracking units built of
salvaged materials from bombed plants. Twenty-two units were planned
for the production of motor gasoline and Diesel oil.

KREES 1 was to be a amall Fischer-Tropsch plant of 20 ovens built
in excavations in the face of a cliff. It would have produced motor
gasoline and Diesel oil.

The FRITZ plant was a dewaxing unit for lubricating oil which was
moved from the Erdoelwerke Idaweiche, Kattowitz, into the basement of &
brewery at Neuland on the Neisse. The refrigeration equipment of the
brewery was to be used in the dewaxing plant,

STEINBOCK 1 utilized the existing tunnels of a salt mine at 5
Heilbronn for the storage of catalyst and for repair shops for high=
pressure valves and fittings for hydrogenation plants.

RABE was a tetraethyllead plant, designed to protect this vital

aviation gascline component, for which Germany had only two unprotected
planta,



L0ST AND MANFOUEB FOR IHE ENTIGE XGOGEAN

The entire program of underground and dispersal plants for the oil
industry consisted of about 140 individual plants ranging in size from
the small distillation units to the large and camplicated hydrogenation,
lubricating oil and combination plants such as the KUCKUCK.

The estimated cost of this entire program as originally laid out
was approximately l.4 billion Reichamarks and would have reguired taking
about 200,000 tan years -f labor from other industries to complete the

project.

The figure of 200,000 man years is an approximation of the labor
required, not only for construction, but for fabrication cf equiment
and supplies so that it represents the total manpower drain on the
German economy. (See page 67).

The following quantities of steel were required by the Geilenberg
grogrem for the month of January, 195, as cutlined in a requisition
for priority to the Planning Agency of the Speer Ministry:

Repair of damaged oil plants 0,000 tons
Underground dispersal plants 0,000 tcns
Tower plants and coking plants 20,000 tons

Total 100,000 tons

Of this, roughly 60% was steel for machines and equipment and 40%
was for structural stecl,

The new top priority (V-R) requested was apparently reserved for
equiiment steel and was issued for only 40X of that reyuested for maine
tenance and 20X for new work, or a total of 15,000 tons, which in twm
was reduced to 14,000 tons. Since Geilenberg had always enjoyed the
highest priority, this ajparently indicates a recognition of the hope-
lessness of the job of finishing the underground plants. Geilenberg's
requirement for 160,000 tons of cement for the same month was also re=-
duced by 50%. The total German production was 400,000 tons per month.

This informaticn was obtained from the minutes of a meeting on
20 December, 194, between Kehrl, president of the Faw Materials Alloca-
tion Board in the Speer Ministry. Frofeascr Krauch, Commissioner General
for problems of the Chedical Industry. Geilenberg and other department
heads.

During the course of the construction, the program was continuously

revised due to shortages of manpower and materials , loss of construction
sites to the advaneing Allies and changes in the raw material situation,

-53=



The following major plants were dropped before the end of the war:

Dachs 5, 6, 8 Lubricating oil
Schwalbe 2, 3, 4, 6, 7, 8 Hydrogenation
Jakod 6, 7, 8 Cracking

Iltis 2, 3 Superfractionation

These changes, to a large extent, were made because it was evident
that the plants could not be built in time to influence the course of
the war and because of shortages of materials and labore

The abandonment of these plants reduced the overall cost of the
program to approximately, 690,000,000 RM. or 50% of the original plan,

A memorendum dated 25 October, 1944, covering a discussion between
Director Simmat and Dr. Sauver (Krauch's of fice) developed the following
points with reference to underground and dispersal plants:

1. If the hydrogenaticn plants had been built in small units cone
sisting of one ccal unit instead of concentrated groups of units like
the plant at Gelsenberg, the cost in labor, material and time would have
been as follows (in pcrcent of the requirement for the large plant):

Materials 125%
Iabor 125 to 150% or more
Feriod of comstruction 150 to 200%
Operating personnel 200%

2« If large units were constructed unde rground:
Materials 90%
Labor 100 - 110%
Yeriod of construction 150 = 200%
Operating personnel 100%

The statement is made that materials are reduced because of the
more compact design and elimination of buildings and air raid shelters.
Fractically all of the underground plants were built in solid rock so
that concrete linings were necessary. It was pointed out that origi-

nally the underground plants were expected to'require more material bus
experience indicated otherwise,

The figure of 100 to 110% for labor cn underground plants seems
unreasonably low to the writers, as the cost of buildings eliminated
can hardly be as great as the cost of excavation., It is possible that
the camparison is being made with a surface plant in which ithe work is
seriously disrupted by air raids. In this case, labor might well be
150% of normal. It was pointed cut, however, that a substantial pars

of the labor consists of miners and that they had been & major bottle=
neck for some time,

She



e b ﬁg‘”w Erauch, Conmissicner General for Froblems of the Chemical
dndystry (Gebechem); estimated the overall effort expended co wnderground
plants to be thise times that for surface plants of equal size, -

The conclusion reached by this memorendum was that the oil industry
would have been worse off if it had attempted to disperse or go wider-
growmd in 1937. This was an attempt, however, to justify a program which
bhad failed and was undoubtedly cclored by that fact, Considering the
tremendous amount of labor and material that was expended on repairing
bomb damage to oil plants, it is almost self-evident that had this effort
been expended earlier on construction of carefully planned underground
plants, the oil industry would have been in a much better position,

A note included in Krauch's file estimates a cost of six-billion RM
for complete protection of 14 oil plants (probably mainly hydrogenation)
and 4 Buna plants and places the labor required at 1,200,000 man years,
It is not possible to compare these figures directly with the total cost
of the underground and dispersal program, but they do confimm that the
ratio of :an hours tp cost used by the writers is on the conservative
side. ;

Dr. Fritz Ringer, head of the mineral 0il Bureau under Dr. Butefisch,
stated that the underground plants could not have been coapleted in time
to influence the amount of fuel available for war. The great struggle
put up by Ceilenberg to fulfill this program represents, therefore, an
application of manpower at the wrong spot. The following is an extract
from an interrogation of Frofessor EKrawh, Commissioner General for
Problems of the Chemical Industry: .

"The construction of almost all plants of the chemical production.
plan, except for powder and explosives, should have been jossible as
private enterprise, even where the slightly increased production costa
due to war conditions regquired certain guarantees by the Government.
Por the ‘underground construction, with considerably more expensive
methods, private enterprise was cut of the guesticn., This is the reason
why the SS was chosen for the construction, and in some cases, for the
operation of certain underground plants. Only the SS had the necessary
manpower and was able to guarantee completion dates in view of the dif-
ficult economic developments. The SS had the most experience in the
building of underground space, as they had participited in the instal-
lation of underground plants for the aircraft industries and V-bomb
production.”
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ESTIMATED COSTS AND IABOR REJUIRED
RDERGRCUND & DISFERSAL FROGRAM
COIL INDUSTRY

Estimated Total Cost of Flant to

$Estimated by the writers.

Elant Coat of Flant in RN End of War in KM
AVIATION FUEL
Schwalbe 1 150,000,000 85,000,000
2 110,000,000 1,000,000
(Hydro 3 110,000,000 1,000,000
genation) 4 110,000,000 1,500,000
5 110,000,000 30,000,000
[ 110,000,000* 100,000%
7 110,000,000 100,000%
8 110,000,000 100,000
Kue kuck 150,000,000 70,000,000
Kybol 1 1,000,000 1,000,000
(Bi-ethyl 2 1,000,000 50,000¢
Benzene
Fasan 1 1,000,000% 4 00,000
(Mixed 2 1,000,000% 100,000%
Benzenes )
Iltia 1 800,000 400,000
Super- 2 800 ,000% 100,000*
fraction- 3 800,000* 100,000%
ation)
* TOTAL 1,076 ,4.00,000 190,950,000
, ZUBRICATING CIL
Dachs 1 27,000,000 26,000,000
(Lube 2 40,000,000 30,000,000
0i1) 3 9,000,000 } 500,000
b 40,000,000 10,000,000
5 20,000,000% ' 500,000%
6 10,000 ,000% 100,000%
7 8,000,000 6,000,000
8 12,000,000 100,000*
Steinbock 2 3.000,000 300, 000
(Yaraflow)
TOTAL 169,000 ,000 77 + 500,000

Total hbor
Man Days

64750,000
4 +950,000
44950,000
4 4950,000
4,950,000
4,950, 000*
4 ,950,000*
4 ,950,000*

6,150,000

45,000
45,000*

+ 000*
5200

36,000
36,000*

7,570,000



MOTOR FUEL
Ofen 140 30,000,000 30,000,000 1,350,000
Crude '
Distillation
mt A 1'5 a .200 .OOO h '200.000 189,m
Crude '
Distillat ion
Taube 1 14 , 000,000 12,000,000 630,000
Cracking 2 14 000,000 3,800,000 180,000
Karpfen 1-10 12,000,000 7 +000,000 50,000
Fiacher
Synthesis
Jakob 1 1,900,000 700,000 85,000
Cracking 2 1,900,000 900,000 85,000
3 1,500,000° 1,800,000 86,000
L 1,500,000 1,100,000 85,000
5 1,900,000 1,100,000 85,000
6 1,900,000 100,000+ 85,0000
7 3,900,000 100,000* 85,000%
8 1,900,000% 100,000 85,000%
9 1,000,000 700,000 50,000
10 1,900,000 600,000 85,000
11 1,900,000 700,000% 85,000
TOTAL 81,200,000 6ly 4900,000 3,790,000
DIESKL QIL
Molch 1 3,500,000 3,000,000 158,000
Fhenol | 2 l , 000,000 3 ¢000,000 180,000
Extraction 3 3,000,000 3,000,000 135,000
4 4 500,000 2,700,000 202,000
2 3,000,000 2,500,000 135,000%
3,000,000 2,000,000 135,000
Wuest 1 1-10 48,000,000 36,000,000 2,160,000
Shale 0il .
TOTAL 69,000,000 52,200,000 3,105,000
GRAND
TOTAL 243984600,000 385,550,000  624303,000

$Eatimated by the writers,



ZHE UNDERGROUND OIL ELANT IN ERACTICE

It is the belief of the writers that operation of underground oil
plants is technically feasible, and that given proper design and ven=-
tilation they can be operated with reasonable safety. <t is true that
certain modifications of design would be desirable to reduce leakage,
especially in the case of water gas generators for hydrogen, but this
is only a matter of engineering and there do not appear to be any
problems that cannot be solved,

Frofessor Krauch, Commissioner General for problems of the Chemical
Industry, within Speer Ministry for Armament and War FProduction, did nof
believe it feasible to put the large hydrogenation plants underground.

On the other hani, Director Von Felbert, manager of the Brabag coal
hydrogenation plant at Boehlen and in charge of the underground hydrcgesy.
ticn plant program, was enthusiastic about its possibilities. He was
fully conversant with the hydrogenation plant problems involved from his
cown experience and believed that they could all be solved.

The underground oil plant will inevitably be more hazardous both
to plant andpersonnel in case of a serious leak or fire, but it would
certainly be safer than a plant which is being bombed periodically.. A
small frection of the effort expended on rebuilding damaged plants, if
devoted to inspection and maintenance of underground units would almost |
preclude serious leaks which might lead to underground explosions or
serious fires. Minor leaks can be handled satisfactorily by a ventila-
ting system which provides five to ten changes of air per hour. The °
EKUCKICK plant used as high as 40 changes per hour in the hydroforming
unit, As a matter of fact, ventilation of these tunnels is comparatively

8imple and the only limit is the amount of wind that the operators can
stand.

There are, however, a number of weaknesses in the underground and
dispersal program as worked out by the German oil industry. It must be
emphasized that this was a program carried out on the spur of the moment, :
as no sericus plans had been made in previous years. A number of teche
nical men were found who claimed to have suggested moving underground
as early as 1940, but they were threatened with concentration camps and
told that the war would be over before the plants could be built. When
the necessity for dispersal was finally recognized, the problem was
attacked with great haste, As an example, an I. G. Farben file was found

containing some fifty drawings and studies of underground hydrogenation
plants, rushed out within a month.

Assuming that an oil refinery is installed satisfactorily under-

ground so that it is properly protected, the underground and dispersal
program was s8till weak in transportation, storage and utilities.
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Transportation is the greatest weakness of this program since the
German railrcads were virtually at a standstill as a result of air raids
toward the end of the war. Thirty-eight small crude distillation units,
OFENS, were dispersed throughout Germany and as indicated in the table
page 105, less than forty rer cent of this capacity was vzed . orimarily
because of lack of transportation. The dispersal program itself was a
contributing factor to the general transportation problem .t a time when
transportation was most eritical, The plants were scattered many miles
apart and in nearly all cases were entirely dependent on the railroads for
supply of raw materials and distribution of finished products.

lack of storage was another weakness of these plants. They were set
up to work with maximum inventories of approximately four days' feed
stock and one to two days' production. Naturally, with transportation
upset, this led to sericus loss of capacity. These restrictions were set,
not from any reluctance to invest in tankage, but from experience with
existing refineries where the greatest damage was done to tankage amd
stocks and every attempt was made to reduce inventories to a minimum.

Utilities were alsc a vulnerable spot in the dispersal program. In
order to reduwe transportation of coal to a minimum, and to save time
required for additional excavation, these plants depended almost entirely
on cutside electric power for their operations. Fower cables and trans-
formers were underground, but destruction of local high-voltage networks
or power stations would have stopred operations. Flans were under way to
equip some units with underg:ound standby electric power plants to hand le
about 40% of normal capacity, but these would have had to come later
because of the bottleneck in production of electrical machinery.

Steam plants could be and were being located underground and here the
only problem was fuel. This was, however, not & simple problem as fuel
involved transportation.

In many cases, the plants were set up to bwn their own residuum,
extracts and fuel gas, but usually either coal or fuel gas was required
from cutside. :

Water supply was not too serious a problem as the pumps are relatively
small and can be installed underground or in bembproof shelters.

Feed stocks for the lubricating oil plants could probably be made
available if the transportation problem could be solved. Feed for the
underground aviation fuel plants was another matter. In these cases,
only the gas phase hydrogenation plants were to go underground and they °
were to be fed tar from existing sump phase or coal hydrogenation plants
and plants for the carbonization of Brown Coal and other coals. Since



these plants are gquite large and must be located near the coal deposits
for practical operation, it was not intended that they should be locateg
underground. Beme, to nearly eliminate aviation gasoline production,
it would only be necessary to keep a relatively small number of coal
hydrogenation and carbonization plants out of operation by hcmbinge

It may be said that the underground and dispersal plans for the
oil industry were impractical as set up hurriedly in the Summer of 194,
and carried out at great cost in manpower and materials during the Fall
and Winter. It was definitely a case of "too little, and toc late®,
This was admitted by Geilenberg, who also claims to have told Goering
in Cctober, 1944, that the situation in the entire oil industry was
hopeless unless sufficient fighters could be put into the air tc protect
the existing refineries,

This dogs nct mean that operation of an oil influstry underground is
impoggible, but only that work was started too late and with insufficient
planning. When dispersal was started, it was done too hastily, without
sufficient thought to transportation, and the program as laid out would
probably not have been successful even if it had come into operation.

It is the opinion of the writers that with proper planning of cen-
tralized underground plants (rather than dispersed plants) and a
program started between cne and two years earlier, the oil industry might ‘
have been able to maintain a respectable production in spite of bombing.
This would have involved two or three large underground refineries, neay
the German oil fields in Hannover and the Danube areas. In addition,
several larmze wnderground ccal hydrogenation and carbonization plants
would be needed near the coal deposits. These large refineries could
easily be subdivided by splitting them up into separate tunnels so that
an accident to one would not affect the others,

This progrem would necessarily include crude oil pipelines from the
fields to the refineries and a network of product lines for distribution.
Distances within Germany are not tco great and the steel that went into
replacement of bomb damage probably would have been sufficient to cover
the pipelines required.

With coal hydrogenation and carbonization underground, it might
even be possidble to supply fuel gas from coal carbonization plants to
these refineries to cut down the transportation of ccal. To be sure,
this would require a large expenditure of materials and manpower, but
it would probably be less than that already expended on repairs plus
dispersal,

Complete safety would rejuire stand-by electric power or further

prbtection of the electric industry, either of which is probably
feaaible.
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Due to the late start, the underground oil program had very little
effect on the course of the war. Some straight-run gasoline and Diesel
oils and a small amount of di-ethyl-benzene were jroduced for motor
fuel but that was all,

Iotal iroduction of OFENS - November 1944 Through February 1243

Average

Iotal Tons per Month
Crude fed 168,800 Tons 42,200
Motor gasoline produced 17,000 Tons Iy 200
Diesel oil produced 68,000 Tons 17,000

; Compared with a normal motor gasoline consumption of 120,000 tons
per month, it can be seen that the actual contribution of the dispersal
program was quite small, v

In addition, scme yroduction was cbtained from the RCSTS or shell
stills, Data on these plants is incomplete, but it is almost certain
that production was less than one-half ‘of that shown for the (FENS.

The OFENS and ROSTS were relatively safe from bombing because of

their dispersal and small size, but they could not be operated effectively
because of lack of transaportation.
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In attempting to solve the problem of jrotecting the oil industry,
the Gemans used & number of schemes which may be roughly divided into
"Dispersal® and *Underground” projects.

The best example cf dispersal is fcund in the CFEN series, of
which 38 units were completed in 16 different locations. The OFENS were
usually built in jairs in abandoned quarries, in valleys and woods aad
were heavily camouflaged., The two units of a jair were often seyarated
a considerable distance to further increase the dispersal.

Loading racks and tanks were covered with netting and were pretty
well scattered around the plant itself.

Also in the dispersal class are the TAUBE or cracking plants. One
was built in the woods near Bredelar and the other along the face of a
cliff near Deggendorf. The woods offered excellent concealment for some
of these plants, but it was expected that the vegetation would be killed

eventumlly by the presence of the plants, f

The following plants were also in this hidden category, primarily
because they were relatively small and could be hidden more easily than
the hydrogenation and lubricating oil plants:

MOICH - Fhenol extraction plants.
JAKOB - Small cracking plants.

ROST - Crude distillation units,
KARFFEN - Small Fischer-Tropsch units,
KUCELOFEN - Light cracking unit.

The WUESTE consisted mainly of a large pile of burning shale with a
relatively small amount of equipment which could be concealed easilys

The DACHS (lubricating oil), SCHWALEE (hydrogenation) and KUCKDGK
(aviation gasoline) were to be installed underground because it was not
possible to break them up into small units, In some cases, existing
tunnels were enlarged, abandoned railrcad tunnels were used and new
tunnels were dug. Tunneling was restricted to the sof ter materials such

as shale, limestone and gypsum, because of shortage of explosives and
labor,

Another tyye of protection is exemplified by the large concrete
vault at Mushldorf., See photographs on page 64, These vaults were
roughly semi-circular in croas-section, 135 feet high and 220 feet wide
inside. They were to be built up to 1200 feet long and the conerete
was to be 16 feet thick,
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Wooden formwork was not feasibls because it could be easily
destroyed by air attack before the concrete could be poured. These
vaults were therefore located in deep gravel beds and gravel was piled
up as a substitute for formwork., First, a concrete tunnel was built
that would accomcdate a train of gravel cars and gravel was piled over
the top of this tunnel as a form for the concrete construction., Next,
a three-inch layer of concrete was poured over the top of this gravel
pile in order to seal it. Reinforcing steel was then set and the con-
crete wis poured in two or three layers to obtain the final thickness of
16 feet. 4 large central concrete mixing plant »as set up and all of
the concrete wus pumped through temporary pipelines. The structure was
about 600 feet long when work was stopped, but there was about an addi-
tional 600 feect of gravel pile prepared for further extension,

Constructicn of the vault started in March, 1944. After the con-
crete work was finished, cars were run intc the small tunnel in the
center, horpers were opensd and the gravel above was drained out and
carried away. This provided roam for the operation of steam shovels to
handle the balance of the gravel and relatively little labor was
necessary for this rroject. The grevel that was moved from inside of
the vault was to Le piled over the top and along the sides to rrovide
additional protection, COver this was to be placed a layer of earth
planted with blackberry bushes and small trees for camouflage. By tisse
means it was hoped to prevent detection by radar.

The vault at Muehldorf (code name WEINGUT,. literally *vineyard*)
was originally intended to house a factory for production of Messerschmidt

262 jet-propelled fighter planes and was to contain eight floors when
finished.

In the fall of 1944, it was decided to install a Buna rubber plant
instead (code name ECKSTEIN)., This plart was to occupy the first 400
feet of the vault and was to have a capacity of 1000 tons per month of
Buna rubber with provision for further expansicn to 2000 tons per month,
The middle section of the vault was to contain an ammonia plant of 1000
tons-per month capacity ami a tire factary was to be installed in the
Iears

: Other vaults of this general type were rresumbly under construction
in the following locations: : '

Watten t Linde plant for liquid oxygen.

hn“hm : 10 Alrcraft.
2, BJM,W. Allach engine plant,
3. Abandoned,

Blerichen 1 Electric steel.
Deutsche Edelstahl,
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.degeive the attacking air forces.
at Berlin, covering a meeting between General Field Marshall Milch am

 In addition to the methods of protection mentioned above, a number

of dummy plants were built and more were considered in an attempt %o
A memorandum dated 27 September, 194

several plant managers for the exctange of information on the effrctive~
ness of various methods of protecting plants against air raids, con=-
$ained a statement that these dummy plants drew as high as 30% of the
bombs dropjed. This statement could not be verified from any other
source and seems rather improbable, possibly applying to an isolated
oase only. -

It was found that smoke-soreens were most effective when accompanied
by jamming of radar. The amoke-screens were made much larger than the
plant area and shifted from day to day 8o that the plant was always in a
different location within the screen. A suggestion was made, but ap-
parently never acted upon, that large steel mats be laid within tie
smoke-screen area in an attempt to cause useless bombing by false indi-

One fantastic scheme was also suggested to Geilenberg involving
the oovering of a whole mountain with a thick layer of concrete and then
_excavating the mountain, leaving the large conorete shell.
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ELANT DATA AND DESCRIFTIONS

data :I,;. rollO""inL; section of this report contains all of the factual
3’nepa~cwn about the individual underground and dispersal plants, In
h ~¢ *his includes location, parent company indentification, status

of ¢

cl’ipt: "oTk, cost and labor statistica and as far as possible a des-

plifitdon of the plant and the processes involwsd. In most cases, sim-
flow diagrams are included.

BASIS OF LABOR GALCUIATION

g 08t figures obtained from Geilenberg® on the various under-
h:gug:tabrf dispersal plants were based to scms extent on files which
of Goilanb:n destroyed ani aleo on estimates from memory on the part
the Cog & and members of his staff who had been resjonsible for
Clig g “ccounting on the entire project. These figures are in-

0 the data sheets followinge &

for o“\:r:em% cost figure of 0,50 RM per mas aour, plus 100 to 150%
&dl for {]Jl types Of‘ lﬂbor was also ObtainQd froul G‘il’nbcrc.

Usy
rig“‘“ rgg this dasic gata it is possible to obtain an approxim‘?to
fng Onctr *he labor involved in fabricating equipment and machinery
1ag the plant., :

Ta) :
®ing a ten hour-day as a basis:’

'Cf’st Per man day ot o
vith 125% overhead, etce. 2 2055

h(i
1roq o W8 that the cost of the basic raw materials such as coal,
* Coment, etc., anounts to 1CZ of ths total costt

« 0,9 x total cosk

Then the total man days of effort =
< 0,045 x total cost

8 Shoula A
Ivey s CUld give an approximation of the total
. od § ) approximation of t!
x."’tion. @ fabrication of ejuipment and machinery, excavatio

man days of labor
n and

3 'Qtn.
“!r. 5%

::: Commissioner for Immediate Msasures under Reichaminis ter
T8¢ of the Underground and Dispsrsal Frograis
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l GLOSSARY OF GERMAN FIRM NAMES
’ AN ABBREVIATIONS USED IN TH1S BEFORT

A, 3
o W,
Actieongessellschaft Saechsische lerke
&Nbug
Braunkohle -Benzin-aktiengesellschaft
Bruey
D Sudetendeutsche Treibstoffwerke Bruex:
®a
} Dy Deutsche-Erdoe l-Aktiengefellschaft
e
| ¢, o Gewerkschaft Deutsche-Erdcel-Raffinerie
! . asolin
Deutsche Gasolin aktiengesellschaft
o
G be " Fanto-flerke Irag
Commissioner General for the Froblems of
“Smg the Chemical Industry
0p Gewerkschaft Neue Erdcel-Raffinerie
Spe Organization Tedt
ey “1111,3
S3 i Ministry for Armament and War Production
LTS Schutzstaffel (Hitler's Elite Guard)

Wirtschaftliche Forschungsgesellschaft mebabe
literally: Ikconomic Research Association 1td
Government agency concerned with storage of
gasoline, oil and other jrimary war mterials,
' also erection of plants for nitric acid, sulphur

etco=




2SCANALEE 1¢

(Aydrcgenation Flant)

(a) Geperal Datay

(b)

1.

2.
3
4.

Se

location

Construction type
Company in charge

Estimated completion
date

Design capacity

Cost and lador Reguired:

1.

2.

3.

s

Se

Estimated total cost

Estimated cost until
end of war

Average mumber of
workmen

Construction labor
to end of war

Total labdor to
end of war

Total labor o com-
pletion of plant

Oberrocedinghausen near Menden/West-
pbalia.

Bew underground plant.

~

Unien Rheinische Braunkohle Benzin A.q"

15 November, 1945

Peed: 15,000 tcons per month of coal
tar

10,000 tons per month of aviation gaag,
line

1,200 tons per month of liquified Potyg.

leum gas

150,000,000 B,

85,000,000 M.

a) Skilled 1,500
b) Unskilled 500
c) Foreign 4000

Total 6,000

1,470,000 men days.
3,830,000 man days.

6,750,000 man days,



"__

This was to have been an underground hydrogenation plant utilizing
coal tar shipped from the Ruhr area. The plant was to operate at 700
atmospheres pressure and was to produce 10,000 tons per month of avi-
ation gasoline. The plant was located in an existing limestone quarxye
Twenty-two tunnels, 15 feet square, have been excavated out of the lime-
stone cliff. Where required by ejuipment, these tunnels were enlarged
to 30 feet wide and 70 feet high. The total job involwed 360,000 cubic
yards of new excavation of which about 200,000 was completed.

The working force of miners consisted of about 1,000 men from
September, 1944, until work was stopped. This force, according to the
construction manager, should have excavated 2600 cubic yards per day

and they actually excavated 2,000 cubic yards per day. Considerable
delay was caused by lack of explosives and inefficient labore

Sources of datas

Mr. Friedrich Ehrhardt, Construction Manager for the
Gelsenkirchener Bergwerk A, G.

Dr, Kranepuhl, I. G, Farben, leuna.
Director Von Fglbert, Brabag at Boehlen.
Mr. E, Geilenberge
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lme! ﬂ 2. '
(Hydrogenation Flant)

(a) Geperal Datas

(b)

1.
2.
3e
be

Se

Iocation
Construction type
Company in charge

Estimated completion
date,

Design Capacity

Cost apd labor Beguired:

1,

2.

3.

.h.

Se

Estimated total ccst

Estimated cost until
end of war

Average nmunber of
workmen

Total labor to
end of war

Total labor to com=
pletion of plant

Niederkirchleite.
New underground plant,

Braunkohle Benzin A, G.

31 March, 1946.

Feed 25,000 tons per mcnth of browh
coal tar

18,000 tons per month of aviation gase-
Iine

2,800 tons jer month of ligquified letro”
leun gas

110,000,000 RM.

1,000,000 RM.

a) Skilled 700
b) Unskilled 300
¢) Foreign 2000

Total 3000

I;'S.OOO man days.

Iy 4950 400 man days.
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This was to have been an underground hydrogenation plant utilizing
brown coal tar obtained from low-temperature carbonization plants in
Central Germany. The plant was to operate at 300 atmospheres pressure.

Until the end of the war, only the construction site was establish-
ed: the driving of the tunnels was about to begin.

Shortly before the end of the war, this project was switched from

gasoline to nitrogen production, I, G. Farben to be in charge. This
new project was still in the planning stage. (code name *ORION").

Sources of data:
Dr. Kranepuhl, I. G, Farben, Ieuna,

Director Von Felbert, Brabag at Boehlen.

Mr. E. Geilenberg.
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MSCHWALSE 3%
(Hydrogenation Plant)

(a) General Data:

1.
2.
3e
4e

Se

Location
Construction type
Company in charge

Estimated completion
date

Design capacity

(b) Cost and labor Required:

1.

2

Je

be

Se

Estimated total cost

Estimated cost until
end of war

Average number of
workmen

Total labor to
end of war

Total labor to com=
pletion of plant

)

Yolenztal,
New underground plant,
Sudetenlaendische Treibstoffwerke,

Project dropped 31 March, 19,5.

Feed 15,000 tons per month of coal tar
10,000 tons per mcenth of aviation gaso-

line.
1,200 tons per month of liquified potzjo-

leun gas

uo.ow'ooo m.

1,000,000 R,

a) Skilled 300
b) Unskilled 200
¢) Foreign

Total 1500

45,000 man days.

l 950,000 man days,

‘This was to hawe been an underground hydrogemation plant utilizing
coal tar obtained from local and Upper Silesian carbonization plants.
The plant was to produse 10,000 tons per month of aviation gasoline.

The plant was originally scheduled to be completed in July, 1945,
but only the clearing of the site and the establishment of the rail con=
nection hid been completed when the project was dropped. .

- e -

Sources of datas
Dr., Kranepuhl, I, G. Farben, Leuna
Director Von Felbert, Brabag at Boehlen
Mr, E. Geilenberge
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(Hydrogenation ¥lant)

(2) Genergl Data:

1.
2.
3
Le

Se

Iocaticn
Conatruction type

Company in charge

Estimated completion
date

Design capacity

(v) Cest and Jabor Hequired:

1.
2e

3

be

Se

Bstimated total cost

Estimated cost until
end of war

Average number of
workmen

Total Jabor. to
end of war

Total labor to com=

“pletion of plant

Heggene
New underground plant.
Ge lsenberg Benzin A. G,

Construction stopred in April, 1945.

Feed 16,500 tons per month of coal tar
10,000 tons per mcnth of aviaticn gaso-
line :

1,550 tons per month of ligquified petro-~
Je um gas :

uo.wo.mo m.
1,500,000 R,

a) Skilled 300
b) Unskilled 200

¢) Foreign 1000
Total 1500

67.500 man dayse

4,950,000 man dayse

This was to have been an underground hydrogenation plant utilizing
Brown Ooa_l tar from the Rubr area,

The construction of the plant had not made much progress when it

was stopped.

tunnels was about to begin,

Sourcea of datas

Only the site had been cleared and the digging of the

Dr. Kranepuhl, I, G, Farben, leuna,
Director Von Felbert, Brabag at Boehlen.
Mr. E. Geilenberg,
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(Hydrogenation Plant)

(a) Generalia:r

1. location + Berga on the Elsterschleife.

2. Construetion type '+ New underground plant.

e canpmy in charge ¢+ Braunkohls Benzin A. G.

4« Estimated completion :

date + 1 October, 1945

5e Design capacity 3. Feed 21,300 tons per month of brown
coal tar
15,400 tons per month of aviation
gasoline
2,200 tons per month of liquified
petroleun gas

(b) Coat and labor Bequireds
1. Estimated total cost 3 110,000,000 RM,.

2« Estimated cost until .
end of war t 30,000,000 RM,

3« Average number of
workmen 3. a) Skilled 700
b) Unskilled 400
) Foreign 2400

Total 2500

4. Construction labor
to end of war + 600,000 man days.

50 Total labor to
end of war t 1,350,000 man days,.

6, Total labor to can-
pletion of plant t 4,950,000 man dayse

This was to have been an underground hydrogenation plant utilizing
brown coal tar obtained from carbonization plants in Central Germany.
The plant was to operate at 300 atmospheres pressure and was to produce
15,400 tons per month of aviation gasoline.
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The construction of the tunnels was under the supervision of the
Reich and the egquipment was to be taken fram the Brabag compay. Eight-
een tunnels on 130 to 170 ft, centers we:e being driven into the mcun-
tainside; these were to be connected at the far end with a railrcad
tunnel. All 18 tunnels were started simultanequsly and when construction
was halted by the end of the war, the tunnels had been driven from
180 to 310 feet into the mcuntain; tunnel crosa-sections were about
20 feet high and fram 18 to 23 feet wide,

The labor force used for the construction consisted of between
3600 and 2000 political prisoners and slaves, under the guard of 400
to 600 SS troops. JIn addition to the forced lador, some German skilled
Jabor was used for operating the locomotives, shovels, air compressors,
etc., Considering the fact that the work had been in progress for aix
months (it had begun in November, 194), and the amount of labor used,
the progress wis Very slow. :

Sources of data:

Dr. mm. I. G. %rbn. leunn .
Director Von Felbert, “rabag at Boehlen.
Mr, E, Geilenberg. X
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(Hydrogenation Plant)

|

(a) Generel Dgta;
1 ls Iocaticn t+ Tentatively near linz,

2« Construction type s Frobably underground plant.

3« Company in charge + Hydrierwerk Scholven A, G,

4o Estimated ccmpletion

date :+ Flanning had just begun.

5« Design capacity i Peed 15,000 tons per month of coal tyr
10,00C tons per month of aviation gayg-
line, |
1,200 tons jer month of liquified peyro-
leunm gas

This was to have been an underground hydrogenation plant utilizing
ccal tar, The plant was to produce 10,000 tons per month of aviation
gasoline. There is sam indication that & sump phase unit was considered
‘but the whole project was dropped in favor of .KLEIN SCHOLVEN. :

Scurces of datat
Dr, Kranepuhl, I, G. Farben, leuna,

Director Von Felbert, Brabag at Boehlen.
m’. E. %ihnbergo




SSCHNALEE 70
(Hydrogenation Flant)

(a) Goncmal Datag
1, Iocation

2, Construction type
3¢ Raw material charged

L« Design capacity

Sources of data:

Dr. mpuhl. I, G. Farben.

:

knmtiv‘w at 'Onin. &ltic S&.
.In preliminary planning stage only.
Cruie oil residuum,

Feed 20,000 tons per month of mineral
oil

14,000 tons per month of aviaticn gaso-
line

1,800 tons per month of liquified petro-
leumn gas

(Bydrogenation Flant)

(a) Ggperal Data;
le Iocation
2. :OonSH'uotion type
3¢ Raw material c:harged

i, Design capacity

Sources of data:
Dr. Erenepuhl, I. G. Farben,

Tentatively at Tetschen.

In preliminary planning stage only.
16,000 tons per month of gas oil.

Feed 16,000 tons per month of straight-
run gas oil

4,500 tons per month of aviation gasoline

1,400 tons per month of motor gasoline
8,800 tons per month of Diesel Fuel
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(Hyarogemtion. Hydrofomm
(a) General Datas

dls Location

2. Construct ion type

3+ Company ip charge

e Estinateg campletion
date

5¢ Design capacity

(b) mﬂum&mm

le Estimateq totq) cost

-~

©e Estimateq o

o8t unti)
end of wap

%e Average Dumber of
workmen

4o Construgtioy labor
Yo end of yap

S5 Total labor to
end of way

Total labor to
tomplete plant

(e) Excawntioy fauireq;
lo &rea
2. Volume

6

ng, Catalytic Cracking, Alkylation)

" on/Har®
Niodorsachsworfen near Nordhaus

Pndergrouna plant

Farbens
drzon jakwerk Merseburg, I. G.

1 November, 1945,

¢ browd
Peed: 11,000 tons per month o -
coal tap e
74800 tons Ier month of onﬂw_ﬂm
2700 tons per month of stra
8as oil

(4s0°
e
1,700 tons per month of alkylat o
octane ) |
8,300 tons Per month of hydrofors® £ |
ling ot
94400 tons per month hydroge

ation gaseline

$x0”
pe
390 tons per montn of liquified

leun gag

150,000,000 R,
700000.000 RH.

a) Skilleq 1

2000

b) Unsir1lleq 500
¢) Foreign 34500
Total 50000

10210.000 man days

1,210,000 man days,

6,150,000 man days,

MO'OOO Sq. ft.
520,000 oy, yds,
31w




It n:hh Was by far the most complicate? of the wnderground plants,
from o Yo feed brown coal tar, gas oil and crude hydrogenated gasoline
e pht:r Plants and make aviation gasoline, beating oil and propans.
s to consist of the following:

? Byirogenation units (Gas FPhase)
Ml‘d.'om;-

Cataldytic oracking unit
¥¥lation and butane dehydrogenation

T0nE1s,

The » :
k Kokuck® was one of four plants built in the tunnels at
ft;d.tz“ rfen., The others nmpa Junkers aircraft factory, a plant
('EB) Manufacture of V-1 and V-2 weapovs and a liquid oxygen plant

* %Dlan view of the excavation is shown on Fage 83.

i . been
My Ammoniakwere Merse Gipswerk Niedersachswerfen® has bee
Yo :gg e gypeun Stone in axlxngen cut since 1918; the stone was crushed
the xw:: 2~inoh maximun size and shipped to leuna, where it was used for

' Uotion of fertilizer.

In ) : !
R 36, the ermmen ency concernsd with storage o
to o lube oils, g:c'- (m;)(:'g;ge;fd aychanee from the open cut method
o f:rmom‘ mining, the tunnels and chambers produced thereby %o be
R4 pop Storage of fuel and lubricants for the Wehrmacht. The WIFO ,
a. ‘he difference between the higher mining cost and the open cu
'imin'lam Tor this small sum obtained vast underground storage Srace.
ey e 2O0hS the ohambers 1 - 17 were excavated, and 4 months later
et yia® finished up, Rach of the chambers is about 20 feet high, 30
3%“ ¢ 304 550 feet long. These first 16 chambers were later taken by
19‘3' thoczian underground aireraft plant. (Feb-Mar, 1344), In September,

Amy ttelwerk ( he V-1 and V-2 weapons) ordered ex-
i0n production of th x
:;“100: -ﬁ Chambers 18 - 45, these chambers to be of a circular cross

the &1eh & 38-foot diameter and 550 feet long. Mittelwerk was owned

Tugh B Thig- nsive due to its
excavaticn was considerably more expe

ot ,:;tm. The gypsun obtzin:d was "dumped® for the time being as 1%
8Xcess of the requirement for fertilizer production.

m“‘hm‘ —— ’ 11, 1544 . It was

o or *RKuckuck® plant was started in A ’ .

N o :y *he Minos) (Minoxx;loolbau Gesellschaft). The nine 3tm::rs

% 4op : 40 feet wide of wvarying height (mainly 20 feet high/,
L+) 850 feet long.

e «.
:htazl“ﬁt:mm.h are at Elevation 700 feet, the high point of the mountain
: h‘l‘gon 1060 feet, the low point at Elevation 930 feet «hich means
g l0a) ors @ un protective earth cover of about 230 feet, Light
ty Vonuventnatiml shafts were planned at various locations. #n elabor-
°n system was designed to keep the temperature down, as the

. &-
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gypsum stone does not withstand high temperature, the stone temperature
being normally 50 - 55C F, Each suction-blower of the ventilation system
had a capacity of 7,000,000 cu. ft. per hour, resulting in 40 air changes
per hour in the DD section and 10 %o 20 changes per hour in other parts of
the plant. The ventilators were not very expensive, but the wvertical shafts
required for this scheme were time and money consuming.

55 - 60% of the excavation was completed. About 2500 men worked on
the excavation in addition to 2500 (estimated) prisoners of the SS. The
miners worked in three 8-hour shifts, the muckers in two ll-hour shifts.
The mountain side was lit at night and blacked out only when planes
passed by on the way to their targets. A considerable amount of time was
Jost in this way.

Production was first scheduled to begin in March, 1%5, but work vas
continuously delayed due to transportation difficulties, tool shortages
and difficulties of installation. It would have been gquite a job %o
erect large vesszels in the underground chambers with limited headroom
prohibiting use of standard erection methods and equimment. Only a few
compressors were installed in the tunnels,

All equipment was to \e second-hand material from other I, G. Farben
plants. (Leuna and Wesseling)e'

HXDROGENATICN UNIIS:

The two hydrogenation units weré to operate in series, one feeding
tar from sump phase hydrogenation of coal elsewhere and feeding its
gasoline to the hydroformer and its *middle oil" to the second hydro-
genation unit. Middle oil from the second unit was recycled to extinct~
ion.

These are conventional hydrogenation units of 4 ovens of 7 cubic
meters catalyst capacity each and a normal feed rate of 480 tons per day.

SATALYTIC CRACKING UNIT:

The catalytic cracking unit of Niedersachawerfen was to be & moving
bed granular catalyst type of plant somewhat similar to the Thermofor
catalytic cracker, except on a smaller scale., I, G. Farben has one semi-
campercial unit in operation and the plant in the "Kuckuck" was to be
the first commercial plant,

As seen in the flow diagram, the plant consists primarily of a
redctor containing a regeneration zane, and a cracking zone, with an
inert gas seal between and a bucket type catalyst elevator to move the
catalyst from the bottom of the reactor to the top.
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. The catalyst passes first through the regeneration zone where the
goke is burmed off with hot air, Catalyst temperature is controlled
to & maximum of 1020°F. by heat exchange with the incoming air,

The catalyst is cooled to 800° F. in a heat exchanger before pass=-
ing through the inert gas seal to the cracking zone, where its residence

time is one hour,

Yaporized gas oil (390° to 750° P, boiling range) enters the crack-
ing zone at 800° F,, is cracked and passes to a condensing, stabilizing
and gas recovery system. During the cracking, coke is deposited on the
patalyst and some oil is absorbed by the catalyst.

The catalyst then passes through a strijping and ccoling zone where
4% is stripped of oil and cooled by cold hydrocarben gas before passing
through the inert gas seal to the catalyst elevator, The elevator
earries the catalyst back to the regeneration zons for removal of coke

‘and the jrocess is rejeated.

: This plant was designed for a feed rate of 6700 tons/mo. or 240 tons
per operating day, and was to yleld 4200 tons of catalytically cracked

gasoline per month,

Jielda in wi. 3

Gasoline 62.5%
Coke 6 07’
Cas 3008’

]
The heavy products are recycled to extinction by feedirg btack to the
primary gas phase hydrogenation unit from which part of the feed for the
oracking unit is drawn.

The gasoline produced is 78 to 79 octane, GFR-MM clear
or 90 octane with 0,12% T. E. Le

Content of olefin and aromatics e 25%
Bromine noe -7 t0 8

The catalyst used is 1 part alumina and 9 parts Kleselguhr in
1/3-inch pills,



SXRROFOIMING Qr Do He Do QUT:

The hydroforming process as used in Germany is similar to that
used in the U, S, It is a jrocess for dehyirogenaticn of Naphtenes
to arcmatics in the presence of hydrogen., The primary difference lies
in the fact that ‘the Germans have worked toward long cycles and low coks
production and shut down their plants to regenerate catalyst instead of
switching reacotrs.

The plant at Niedersachswerfen was to be similar to an existing
plant at leuna and was to consist of 4 hylroforming reactors in series,
with furnaces between for reheating, and one additional catalyst chamber
(Raffinator) operuting at lower temperature to hydrogenate the olefins
produced in the procesa,

. The DHD catalyst used was made by impregnating activated alumina
with Molybdic oxide-10 to 12%, The bottom of the Raffinator was loaded
with Fuller's Earth anl the balance with DHD catalyst.

As shown in the diagrem, Fage 88, the feed stock is mixed with re=
cycle gas containing hydrogen, vaporized and heated by a heat exchanger
and furnace No, 1 and is passed over the catalyst in reactor 1 at an
inlet temperature of 950° F, Since the reaction requires heat, the vapor
leaves the reactor at 840° F, and must be roheated to 970° F. before
entering the second reactor. The vapor passes in this manner through all
four reactors, is cooled in the heat exchanger and enters the Raffinator
at 510° ¥, Here the olefins formed by the cracking that sakes place a long
with the dehydrogenation are hydrogenated to paraffins,

Typical operating conditions are as follows:

Fressure: Inlet No, 1 Reactar 37 atm. (540 lbs/sq, in)
Outlet Raffinator 29 atm, (425 1bs/sq. in)

Tempera tures : e °r.
BReactor 1 Igg‘ m&?
2 889
3 982 97,
e o 4
Raffinator 512 581

These are average temperatures during the "on stream" pericd, A$
the beginning of the period, temperatures were scmewhat lower and as the
catalyst activity declined due to coking of the catalyss, the temperatures
wore raised.

—

*Druck H, Dehydrierung - literally: pressure Hydrogen
Dehydrogenation.

-87-
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It will be noted that there is a temperature rise across Reactor J
and the raffinator. This is due to the fact that the dehydrogenation
of naphtenes (which absorbs heat) is nearly complete, but the hydrogema.
tion of olefins (which liberates heat) has not been finished.

The process produces hydrogen by dehydrogenation and the recycle
gas contains 55 to 65% hydrogen.

The product after stabilizing contains 66% arcmatics.
Qotanes - Mptor Method:

Feed , 52

Light$ gasoline 13.5

Stabilized hydroformate 82.5

Final blend 6,5 1b. V,F, Reid 80.5 clear
, with 0,128 T, E. L. 91.5

The 356 E. P. hydrogenatod gasoline is fracticnated into two
cuts, start to 175° F, and 170 to 355° F. Theheavy gasoline is fed %o
the hydroformer and the product is blended back with the light gasoline
to make the final blend. ,

The design production is 8300 tons/mo.

or 2500 B,r.D,

The space rate is 1 V/V per hcur on each reactor or 0.25 V/V over
all,

The on stream time is 160 so 180 hours .

Expected yields are as follows (based on Leuna experience);

Feed - 175 to 355° F. cut 100%
Gasoline 73%
Bottoms 3%
Gas and loss 245
Coke 0,12%

After the rlant has been on stream for 160 to 180 hours, the catale
yat has coked up and lost its activity, The plant is then shut down, de-
pressured, purged and pressured with imer$ gas, ready for regeneration,

To regenerate catalyst, the coke is burned at a pressure of 70 atm.
(1000 1bs per sq. in.) with 8 maximum of 1% oxygen in the circulating
burn gas. The recycle gas compressors are used for circulating the burn
gas through all reactors in series and air is injected at the inlets to
the individual reactors.
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The reactors are 52 inches inside diameter by 36 feet long, and
have & capacity of 530 cu. ft. They are designed for a working pressure
of 70 atm. at 390° F, and were made of l.5% chrome steel with a fire-
brick lining inside.

ALKYIATION AND BUTANE DEHYDROGENATICH;

The alkylation and butane dehydrogenaticn plant at the "Kuckuck"
at Niedersachswerfen, obtained its butane cut from the hydrogenation
catalytic cracking and hydroforming units. The butane cut is partially
dehydrogenated to form butenes anl lighter and the iso-butane is alky-
lated with butene to form alkylate of very high quality.

As may be seen in the flow diagram, this is a conveptional sulfuric
acid alkylation plant using self refrigeraticn with the addition of a
catalytic butane dehydrogenation unit $¢ produce the necessary butenes.

The butane is dehydrogenated in two furnaces at 1040 - 1080° F,
over a catalyst made from alumina plus 8% cr203 and 2% K, 0.

Ts converstion is 16% and the yleld is 80%,

The alkylation unit operates at 30 to 35° F.

The iso-busane concentration in the reaction mix = 45%.
The acid concentration in the reaction mix = 50%.

The spent acid has a concentration of 86-88% 82301*.

Acid consumption at Leuna is about 2 1b, per gal. of alkylate
because of production of diolefins in the dehydrogenation unit due to
poor catalyst,

It is expected that the consumption at Niedersachswerfen will Ue
1 1b. per gal,

The ao.id is regenerated by the lauling process-diluticn with water
%0 separate tar and reconcensrating to 96% H,50,

The alkylate is cut to a 250° F, EF, and this accounts at least in
part for the high-cctane number of 9% to 98 CZdMM,

Sources of data:

Mr. Eichhorn, Assistant }lans Manager of Ammoniakwerk Merseburg,
Gypsun Works, Niedersachswerfen.

Dr. Kauffman, I, G. Farben, leuna,

or. Stmetz. I. G, mrun. lewna,

Dr. Dieters, I, G, Farben, leuna.

Dr. Cron, I. G. Farben, leuna,

Mr. Haenisch, I, G. Farben, Ieuna.

Mr. beinrich Dittmar, General Electric (AEG), in charge of
electrical installations for allfour underground plants,
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LEIEOL

(Di-ethyl-benzene)
(a) Gencxel Datai ;
1, location + Gendorf
2. Construction type ¢ Bullt in existing chemical plant
building.

3+ Company in charge + I. G. Farbden,
4. Estimated completion

date : In operaticn,.
5. Design capacity + 1,400 tons per month of finished

di-ethyl benzenas.

No labor or cost data are available buf from observasion of the
plant, it is estimated that its cost was about 1,000,000 RM, with an
estimated total labor of 45,000 man days.

The "Kybol" is an aluminum chloride alkylation plant for the
production of di-ethyl benzene.

As seen in the flow disgram, pege 93 ethylens and benzene are fed
into a reactor containing aluminum chloride and the reaction mixture is
drawn off at the top into a settler,

The catalys$, an additional product of aluminum chloride and ben-
zene, settlea to the botsom and is recycled by gravity to the reaction
ohamber. The jaxcduct is drawn off at the top of the settler, washed
with water and castic to remove the aluminum chloride and fed to the
distillation unit, : .

The product is distilled into three (3) cutsi

1. Benzene and mono-ethyl benzene (atmospaeric distillation)s

2, Di-ethyl benzene) :
30 ﬁ'i‘ethyl aneno) acuum distillation.

The bostoms or polymer from the third distillation is useful to some
extent as a plasticizer for Buna rubber.

Ethylene, at Gendorf, is produced for the Kybol and a number of
other [rocesses by catalytic hydrogenaticn of acetylene. The acetylene
is produced from carbide which is made in the vicinity using a local
excess of electric power.
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B e

or 100'&6. t“ﬂ“ will produce 1400 tons }er monsh of di-ethyl-benzene
ona per month di-ethyl-benzene and 500 tons per month of

LIEDS;: 80 - 85% Di-ethyl-benzents
10 - 15% Tri-etbyl-benzene.

5 = 10% Polymers

"“’Ox\:‘;: *Kybol® plant wag built in two parallel un
conerete building which had previously housed othex chemical
or more buildirngs partly

Squy
T’;t- This building was one of swenty
%mm.n the woods and comprising the I, G. Far

iIves of datas

Dl‘. mroae. I. G. mrbon.
b ennic: oheniiodse
- Alt o I. G. rarben.

Member of ihe Board in charge of

its inside of a re~

ben chemical plant a%




TPACG - D

(Benzene Alkylation Flant)

These plants were to alkylate benzene and the mixed olefines
from cracking still gases., The process and e uipment are similar 0
the KYBOL plant,

FASAN 13 Llocation - Auschwitze

EASAN 2:  Location - Deggendorf.

{a) Estimated completion date: 1 September, 19,5.
(b) 1lanned capacity: 1000 tons per month of mixed alkyl
benzenes,

FASAN 2 was to be built at the site of the Taube 1 plant at
Deggendorf and was to operate on the gases from that plant, Z¥recduction
of mixed ethyl-benzenes for use in aviation gasoline was to e 750 tons
per month, : ;

Sourves of data:

My, Fischer, Asst. Chief Engineer, Deggendorf Refinery,
Sueddeutsche Bau G.m,b,H,




ums 1t

(Super. Fractionation)

(a) General Datas

1,
2e
3.
b

5.

Location
Construction type

Company in charge

Bstimated completion
date

Design capacity

(b) Cost and Jabor Requiredt

1.

2.

3.

. lI'O

Se

6o

Bstimated total cost

3stimated cost up
to end of war

Average number of
Workmen

Constr uection labor
to end of war

Total 1abor to end
of war

Total l1abor to com-
Pletion o f plant

gources of data,
Mr. Kurt Schneider, Planungsamt, Speer Ministry

Mr., &

+ Geilenberg

Zbensee on Traunsee/Upper Danube.
Open construction above ground
Ruhr Chemie,

1 June, 1945,

Feed: 2,000 tons per month of gasoe
line

1,000 tons per month of avia t ion gaso-
line

200 tons per month of Heptane
750 tons per month of motor gasoline

800,000 RM,
400,000 R,

a) Skilled 30
b) Unskilled 30

¢) Forelgn 70
Total 130

12,000 man days,
18,000 man days.,

36,000 man days.
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{Super Fractionation)

(a) General Datay
le Location t Lazube on the Elbe, north of Tetschen

2. Construction type + Open construction above ground,

3 Company in charge + Ruhr chemies.

4e Design capacity ¢ Feod: 2,000 tons per month of gaso—
ii.g?m tons por month of aviation gas”
line

200 tons per month of Hep tane
750 tons per month of motor gasolinme

This project was stopped during planning.
B TEITS o

(Super Fractionation)

(a) General pata:
1, Location t Almetal near Brilon/Westphalia,
2. Construction type | Open construction above ground,
s Oompapy in charge | Ruhr Chemies

This project was 8topped during planning.

Sources of data:

Mr. Kurt Schneider, Plonun.
Mre B, Geilen berg, Soamts Speer MinistiYe




ls Locaty
on
2. Co { Laube on the Blbe, near Tetschen.
; in charge t Ruhr Chemies
s z::mtod corpletion
e : s 1 April, 1945
s 3ign o
APaclty 1 Feed: 16,000 tons per month of
Diesel 0il
4,300 tons per month of aviation gaso=
lim
month of motor gasoline

1,430 tons per
8:800 tons per month of Diesel 04l

king of gas-oil, but

o feed straight

was carrieqd 8 designed for the catalytic crac

Y !
gas-oil to py oyond the planning stage. It was t
°duce aviation andn.g.uotor gasoline.

Foed Rate
ot g 16,000 Tons per Month.
on Gag
Motor Gaaolin:l;:‘ Production ¢ 4300 tons per mOe
Diesel 041l Prog oduction s 1430 tons per moe
uction . 8800 tons per Mmoe
%o of data,

s Farben, le
P . unae

-58-




(Hydrogenation Plant.i)
I. GENERAL:s After the bombing of the hydrogemation plant at:
Scholven, it was planned to build three small plants from salvaged equip-

ment., The amall units, Xlein Scholven, were to be built in concealed
positions near the original gcholven plant,

II. ELEIN SCHOLVEN L
1. Location
2, Company in charge

3+ Bstimated completion
date

4. Design capacity

Dispersed in pine woods near
Dorsten.
Scholven Hydrierwerke.

June, 19545,
Feed: 4500 tons per month of
middle oil,.

3400 tons per month of aviation
gasoline .,

This plont was a gas phase unit and was to utilize feed obtained
fr on Klein Scholven.2, Transportation of feed and products was to be
by motor tank trucks., Hydrogen for the plant was to be piped from Huels
using an 8% line, It was intended to heat the foed by electric resist-
ance heaters rather than by the conventional fired preheater furnace.
The clearing of the s ite began in November, 1944, and actual construoe

tion began about 1 January, 1945.
IIXs KELEIN SCHOLVEN 29

1, Ilocation

2, Company in charge

3« Xt imated completion
date

4. Estimated total cost

5¢ Design capacity

Abandoned buildings of old caal
mine near Recklinghausen,

Scholven Hydrierwerke,

31 May, 1945
m.ow m.
Foed:1 6250 tons/mo, of

carbonization tar,
4500 tons/mo. of middle oile




This plant was to operate in sump phase only, The middle oil pro-
duced was to be fed to Klein Scholven le

The mine at which the plant was located had been idle for five years
so its buildings woul d have served as good camouflage .

The progreas of the war prevented the construction of the plant

going much beyond the building of the foundations, even though much of
the equ ipment was already at the site,

Iv. XELEIN SCHOLVEN 3:
l. BEstimated completion

date ¢+ 30 June, 1945,
2. mtimtﬁ total co’t ] 1.000.000 MC
3. Design capacity 1 Feed: 6250 tons/mo, of

carbonization tar,
4000 tons/mo, of aviation gaso-
lins,
600 tons/mo. of liquified petro=-
leum gas.
This plant consisted of both gas phase and sump.phase units,

Sources of datai
Trip report - Mr. M. Garrity, U, S. Strategic Bombing Survey, Team 35

Files of Prof, Krauch, Commissioner Gensral for Froblems
of the chemical Industry.
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SOFEN 1. - 4O*

(a) General Data;

1,
2,
3e
be

5Se

Location
Construction type
Company in charge

Hstimted completion
date

Design capacity

(v) QCost and Labor Required

1.

24

3.

4.
5Se

Batimated total cost

Batimated cost until

end of war

Average number of
workmen

Construction labor

Total laber

See table following.

Cfens 23/30 constructed underground;
all others above ground,

See table f ollowinge

36 units completed

Feed:s 3,000 tons per month each OFEN

300 tons per month motor gasoline
1,200 tons per month Diesel 041l

30,000,000 RM

30,000,000 RM

a) Skilled 1,600 / 80-90 days
b) Unskilled 1,600
c¢) Foreign 4,000

Total 7 4200

640,000 man days.

1,350,000 man days.

The "OFENS* were small continuous distillation units removing gaso=

line overhead and taking one side cut of k-rosene or Diesel 0il.
were built

The units

in pairs above the ground, each consisting of a furnace, heat

exchange, a 16-plate column, 31 inches in diameter, and the necessary

pumps and condenser 8,

Two or three captured Russian locomotives were

provided for each pair of "OFZNS*' to furnish steam for distillation,
Originally, the progrum called for the construction of 4O small units of
1250 tons per month each. This was changed to 20 units of 3000 tons per
month each and la ter increased to 40 units built in pairs,

The crude is des alted before distilling and treatment of the 2880=

line consists of a simple caustic wash,

The gasoline produced is of

relatively low octane number and is used only for motor fuel.
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Tankage usually consisted o f the following:
Two 3-.,000-barrol crude tanks built of concrete.
Two 3.000-barrel residuum tank s , also of concreta.
Four 500-barrel steel tanks for gasoline and Diesel oil.

These plants were usually located in hilly and wooded country
close to a railroad and a stream or river, in order to provide water

susplve.

All crude was shipped in and u11 products were shipped out by
railroad. The residuum was shipped to the TaUB& (¢racking plants)
or to the DACHS (lube oil plants),

These plants produced 10 to 15% g a soline and 30 to 40% Diesel
at a lower yleld,

The capacity of the double "OFEN' was 2x120a 24,0 Tons per day or
6000 T/, based on a 25 day month.

Since a unit of this sort usually shuts down for repairs only

about once in six months the actual ¢apacity
available would be 6850 ,%’ operating factar) the
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CHUDE RUNS ON "OFEn3* (TONS PE R MO,)

1 ‘ 3
~ 4
2R SAPACITY et QNov Dec Jan Asb Max
12 6850 2478 5161 5761 6013 2700 5000
34 6850 2478 3243 3360 4732 2700 3000
5«6 6850 1322 2483 2360 1200 3000
7-8 - 6850 1539 1931 1992 1200 3000
9-10 6850 2438 3912 3340 3400 4000
11-12 6850 339 790 2163 2528 1500 3000
13- 6850 203 375 545 - 150 3000
15-1 6850 9 9 2 840 150 3000
17-18 6850 . T7TT 994 180 1660 3400 000
19-22 13700 2324 3413 3247 4569 4175 000
23-30 27400 Figures not available.
3132 6850 . Figures nct available.
33-32 6850 1379 2228 4025 1700  j500
35-3 Not built,
47-38 6850 819 1630 4963 2400 5000
3940 6850 Figures not available.
126800 9937 22416 29239 32997 25075 46500
% Capacity 25.2% 32.8% 37.17 28,28 52.2%

1 At 95% operating factor.
2 In g of capacity (89,000 T/Mo) of the 26 OFENS on which data is

available.

3¢ A3 planned on February 20, 195.

4 A 8 planned on March 21, 1945. (These figures were probably not
reached as shortages of crude and transpor tation usually reduced

the plauned producticn merterially,)

Bxcept for the [irst month or two of operation of each plant, the
difference between actual feed rate and capacity usuwally represents
lack of crude or transportati on,

Sources of d ata:
Mr, £, Geilenberg
Mr. Von Heereman - Nerag Refinery - Misburg
Kr, Brockhaus - Nerag Refinery - Misdburg

~105=
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(Primitive Crude pistillation)

(a) Gemeral patay
1, Location 1 Rost 1 - Heomewar-Linden
2 = Salzwedel near Hanover.
3 = Anderten mear Hanover.
§ - Zeche Amalia-Harpen Dortmund,
5 = Oberhausen-Holten
2., Construection type t a) Partly existing buildings.
b) Fértly open construction above
MQ .
3. Oompany in charge + Rost 1 « Nerwg,
2 - DRA.
53« Mo
4 - Barpener Bergbau,
5 - m “Olﬂ.o-
4. Bstimated completion
date 1 Finished
() Oost and labor Required;
1. Bstimated total cost t 4,200,000 Ri,
2., Bstimated cost up to
end of war t 4,200,000 RM,

3. Average number of
workmen 1 a) Skilled 250
b) Unskilled 500

o) Foreign Jone

Total 750
ke Construction labor + 67,00 man days,
5. Total labor + 189,00C wan days.
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1R0STSe

The "ROSTS® were primitive distillation units built from salvaged
equipment and usually loc ated in ruined plant s for camouflage purposes,
The eguipment was salvaged from bombed -ut plants and put together as
the situation de manded in order to get some production going again,

In sone cases, locoro tive type boilers were used with a fractionating

column welded to the top of the boiler,

There were five of thess plants and together they represented an
apprecielle crude running capacity, but this capacity was never fully
utilized Dbecause of the shor tage of crude,.

i CRUDE OIL THRUIUT TONS 1 MCHTH
U
Capacity Sept Oct Noy Dec Jan  Feb

3

Rost 1 9000 875 4867 » . 273 4000 2700
2 9000 212 479 22
3 9000 1153 2781 3000 2700
i 8000 Figures not awailable.
5 35000 Figures' not available,
70000 875 5079 479 1377 308, 7000 5400
% Capacity Used: s 188 1,9 S.1 1.3 249 20,0

Yields: 10-15% Gasoline
30,08 Diesel or Gas 0il

* Shut down probably because of crude shortage.
** On 3 plants for -hich date is available-27000 T/Mo. crude cayacitye.

Sources of data:

Dr. Brockhuas, of the Nerag Refinery, Misburg
Mr. E. Geilenumo
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(a) Ggnexal Datay
1. .’lccation'

2

3¢,

4.

Se

Construction type

Company in charge

Estimated completion
date

Design capacity

(b) Goat and Jabor Requizedi

1.
2.

e

4.

Se

be

Estimted total cosat

Estimated cost
until end of war

Average number of
workmen

Construction labor
to end of war

Total labor to
end of war

Total labor to con-
pletion of plant

~TAUEE 15
(Cracking Flans)

Degzendorf/Danube/Lower Bavaria,
Above ground along the face of a cliff.
Continent 04l A, G.

30 May, 1945

Feed: 14,100 tons per month residuum
fran OFENS

3,500 tons per month of gasoline

700 tons per month of liguified

petrolaum gas

2,100 tons per month of Diesel
fuel

6,200 tons per month of Fuel 041

RBrods

m.ow.wo m.
12.000.000 m.
ag Skilled 550
b) Unskilled 900

o) Foreign QQQ

Total 50
194,000 man days.
540,000 man days.

63,000 man days,

This plant is a combination distillation, ecracking and benzene
alkylation plant, located on the Danube River near Deggendorf.

The plant is strung out along the side of a cliff and is partially

camouf'laged .

The plant consists of the following units:

=109
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1, A distillation unit with & crude capacity of 50,000 tons per
months

2. A cracking plant with a reaction chamber operating at 70 at-
mospheres .

3+ A doctor treating plant.
4o« A stabilizer,

5e A second distildMion unit with a capacity of 25,000 tons per
monthe

6o A "KYBOL" or benzene alkylation unit producing 1,000 tons per
month of mixed ethylene benzenes from benzol and cracking plant gases.

Moat of the feed stock is brought in by barge on the panube, Rail-
way transportation is also available. From the transportation stand-
point this was by far the most pract¥ical of the dispersal plants,

It was planmed %o bring in Aus$rian, Hungarian and Rumanian oil for
feed stock and also oil from theFar Bast via Trieste. At the end of the
war, about 27,000 tons of crude was caught in transit in barges on the
Danube and in addition, about 150,000 tons of residuum was available lo-
cally in sumps. In all, about ten months' supply of crude and residuum
gas available to feed this plant,

Construction of the plant was about 70% complete. The cracking
plant was short only the reaction chamber which had eZready been shipped
by rail. The construction of the plant started at the end of Qtober,
19, and work was atopped on 20 April 1945, At this time, there was a-
bout six weeks® work left to camplete the plant., Construction forces
involved up to about 1800 men. 7The cracking plant had been removed from
Fort Jerome, The distillation unit was being moved from Glatze

Sources of data:

Mr. Fischer, Assistant Chief Engineer,
Deggenmer Refinery, Sueddeutsche Bau, G.m.b.He

=110=



‘oW AvoL
OO0S!

—

8000 nlru‘l MO.

M0 ONILVIH r*\.
Y

o=
AOTE O

r*\. aNIIOSVO

MV IH ” PoF
“NIT0SYO

inon
acLvIvadS _

:

1
for)

SOVNINd

TOLVINWAY

US STRATEGIC BOMBING SURVEY

TAUBE
CRACKING PLANT

FIGURE 52

—

A e

WIAGWYID
NOILLDOYXY

—

H

5=

/wo.T.o:
ivan

TR
dugooov A
cvYh

g

”'



{Cracking Plant)

(a) Seporal Data:
1. location 1 Bredelar, near Prilon/Westphalia,
2+ Uonstruction type & Open construction above ground.
3 Company in charge $: Wintershall A, Ge
L ¢ Estimated completion
date : 15 ¥ay, 195.
5+ Design capacity 1 Feed 6,000 tons per month of residuum

from CFERS

1,500 tons per month of gasoline
900 tons per month of diesel fuel

2,700 tcns per month of liquefied

petroleum gas
(b) Soa¥ apd Labor Bequired:
1. Estimated total coss s 1,000,000 R
’ 2o Estimated cost until
end of war + 3,800,000 ”M

\ 3« Average mmber of
worknen ¢t a) Skilled 300

b) Unskilled 150

‘ ' c) Foreign _650

1120
Lo Conssruction labor to
i end of war $: 115,000 man dayse.
5. Total labor to
end of war & 171,000 man days,
&s Total lador to come
pletion of plant : 1B0,000 man days.

The cracking unit at Bredelar was a carburcl unit which was being
Wyed fromlw¥zkendorf. The unit was original ly designed for cracking
Macher Kogasin II (390 « 630° F) and was being converted to feed re-
figed crude from the "OFENS" at Messinghausen and Muehlenbein, Yields
wre to be roughly as followsas

Naptha 25%
Diesel 0il 25%
Gas - 25%

Cracked Tar 25%



The gas produced was to be piped to another plant nearby for
conversion into alcchol. The code name for this plint was "LACHSY,

Scurces of data:

Dr. Seyffert, Superintendent of (FENS at Mezsinghausen
and Muehlenbein,

“TAURG 3"
(Cracking Plant)

The program on this plant was not carried cut, The partially
completed unit was utilized for the "JAKOB* program as "JAKOB 11°,




11 ~Tropsch Flants

(a) Ganeral Datas,
1, Locations : See next mge,
2, Construction type # Built in the open near existing
£88 workse
30 Caonpanies in charge t See next page,
o Estimited canpletion
dates : See nex$ page.
5. Design capacity i See page 118,

(b) Cost aad labor Required: -
1. Estimated total coss : 12,000,000 R,

2. Estimated cost to
end Of waryr : 7.&({.000 mo

3¢ Awerage numer of
workmen t a)Skilied 300
b) Unskilled 300
c) Foreign  _450.

Total 1050
b« Construction labor
‘' _to end of war ¢ 110,000,man dayse-
5e¢ Total labor to end
of war i 315,000-man day
6o Total labor to came
pletion of plants t+ 540,000 man days.



gstimted s

Eagh Lecation Company in Charge
105
fargfen 1 Wuerzburg Gaswerk Wuerzburg 15 May
2 Fuerth " Piasdh 1 Jun 1945
3  Erfurt f  Erfure 1 Jun 1945
5 Boehlon " Boehlen riniah‘d
6 ¥aue *  Flauen 35 Moy 196
7 Chemita . Chemni tz 15 Jud 195
8  Heidenay near
Dresden *  Heidenau 1 Jul 195
7 Cottbus " Cottbus ) hig 199
‘ 21945
0 Goorlits *  Gosrlitz 148 st
These qyopech Py g
built nese fxl;::: (10 4n number) are very smill Fisoh::;‘m” of 03*
water gag, & €as works for synthesis of small
| o
Coal ‘ to o
the m-opof;:.om ¢oke are fed to the water gas generator
Particne of Qo and H, in the aynthesis ga8¢ w”
s ; 1 abeT yxd
Pick up sz::::a €43 is fed through an activated °Mx:::-ol¢” an
oxide abeo rber ¢, 8 and gum fomming constituents, and ¥
Or removal of inorganic sulfur. b"’gﬂ'
The vgh 2 \oos
the £1m) ape. >, HeN Ploked up by a blower and pasged ”"‘; the 8% oy
o478 A% a temporature of 390° - 480° Fe

Chemie rr 18 removeq op alkalized iron oxide which

3
; o 19705

The
i) thf:;n:;\wn [Fasses through one or more Fischer oVePs t"“f: ¥
Controlled besls takes place over a cobalt catalystomn coila
catalyst bod, Y,eememting steam in olosely spaced ste

A prim je¥ ° ye
condonzf:a fh?migﬁmtm' ¢ollects the waxes formed, 2 l‘::::ol n:::xgo
Teove the Yerming © and lighter oils, and activated © 15 red

the city gas holde,:f 84soline from the gas stream which
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d
All synthetic products are combined in a common tank and shippe
elsewhere by reilrcad for distillation,

ood 89
The synthesis gas rroduced at the city gas works is no;;::ashn"
that produced in the usual Fischer plant, and since these p

is
only one stage instead of 2 or 3 as in the usual plant, the yield
considerably lower,

| A good Fischer plant will produce 4.0 to 4.3 tons of
1iquid product per millien cubie feot of ideal gas.

The "KARFFRN" mroduce 1,7 to 2,0 tonofiiof, or about
45% of the yield of a good plant.

The production per oven, however, is the same as in a good P

8
since there are no second or %hird stage ovens operating on lem &%
to bring down the average,

‘ Qifb"
Production.is cne ang a lmlf to

two tons per day pexr oven,
in the Karpfen OF the larger plants,

' .
All Karpfen plants were designed and were being built by nﬁin

Acocording to Lupgi rejresentatives, the whole Karpfen program oﬂ,o sma 1}
(10) installations was a waste op energy and money considering A . e
output, But Gellenborg insisted on $his ccnstrue tion, claiming thoy

such units were gradual ly added to all gas works in Germmy and amoun®s
produced only a few tms each, it would add up to a considerable

ir a" ‘
:nd due %o their dispersal they would not be very vulnerable to 81
ack.

the
The cost of the Loipzig plant, which is by far the largest of
fen, was estimted as follows s |

Equipment erected 1,200,000 RM,

8 %0 gas works 800,000 RM,
and accessories - 800,000 RM,*
Fowmdationa 200,000 RM,
Totals

. 3.000.000 m.
*The Fischer ovens for the entire KARPFEN ere o 0018
program w
from Luetzkendore, The cost of &n oven in a new plant is ed
JO000 R, In this case, a value of 50,000 RM, was assign
for the used owvens and the balange is transportation, etcs
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(Small Fischer - Tropsch
LOC ' b
ATION SYNTHETIG GAS PRODUCTION GAS STORAGE P
GAPACGITY OF WATER SYNTHETIC GAS GONSUMPTION oAS HOLDER SIZE R
GAS PRODUGERS REQUIREMENT (A)GOKE OVEN GAS (A) FOR WATER GAS NL
EXISTING NEW | (A) THRU GASSING |(BICOKE TONS/DAY  [(B)FOR CITY GAS |V
MGF/DAY | MGF/DAY (e)maucc';_mcxms (G)STEAM TONS/DAY MGCF
KOTTBY (a) 1130 (A) 377 (A) 106 4
| 2x847 |@) 568 (8) 208 (8) 176
1695 c) 19.2 (8) 283 I
‘ 3
6o IX830 (a) 1130 (A) 377 Ay 71
g T IX 495 1 x847 |(B) 565 (8) 208
R 1695 (6) 192 £
' 3
WU IX635 (A) 1130 (A) 377 (A) 312+ 106
URZBURG | 1X424 ix1060 |[(® 565 (8) 208 300
B 7695 (6) 192 sjj060 ==
U A) 28 E
FU IX 424 (A) 1130 (a) 377 {
ATH IX495 2%1060 [(8) 565 (8) 208 (8) 1060
S —— 1695 (c) 192 -
=} 24
(A) 1130 (A) 377 (A) 4
STURT ox8a7 |(8) 365 (8) 208 (B) 424
o [ (o fae {0120 :
a) 377 (A) 106
PLAUE (a) 1130
N IX84 xa47 |(8) 865 (8) 208
e —— g ® Tees ©) 192 -
——— (A) Bl
(a) 1130 (a) 377
CHEMNITZ [3x713 (8) _565 (8) 208
(A) 665 (A) 7!
AU 1200 |(8) 859 (8) 3.
BOHLEN
(A) 847
LE|
PZig zzxmzs 2X3530

\ NUMBER OF GENERATORS



KARPFEN PL

(Small Fischer - Tropsch Plants Attached
SYNTHETIC GAS PRODUCTION { GAS STORAGE PRODUCTION PURIFIC
CAPACITY OF WATER | SYNTHETIC GAS |CONSUMPTION GAS HOLDER SIZE |ROUGH PURIFIGATION | FINE P
GAS PRODUGERS REQUIREMENT  |(A)COKE OVEN GASMEE |(a) FOR WATER GAS |NUMBER OF PURIFIERS [NUMBEF
EXISTING  NEW | (A) THRU GASSING |(B)COKE TONS/DAY |(B)FOR CITY GAS  |WITH TOTAL VOLUME [AND TG

MCF/DAY | McF/pay| (B) THEU GRACKING | 0 oream TONS/DAY MCF MGF
(A) 1130 (A) 377 (A) 106 4 BOXES AVAILABLE| 3 X 6'
2X847 |@®) 565 (8) 208 (8) 176 0.7 M
1695 (C) 19.2 (8) 283 5
IX830 (A) 1130 (A) 377 (A) 71 3 BOXES AVAILABLE | 3X 6'
IX495 | 1X847 [(B) 565 (8) 208 3.5 MCF 0.7 M
1695 (C) 19.2 {
IX 635 (A) 1130 (a) 377 (A) 312+ 106 3 BOXES AVAILABLE | 3 X 6'
IX424 | |xi060 [(B) 565 () 208 (8) 300 3.6 MCF 0.7 M
1695 (c) 19.2 (B) 1060 i
1X 424 (A) 1130 (A) 377 (a) 28 3 BOXES AVAILABLE | 3 X 6'
IX495 | 2X1060 [(B) 565 (8) 208 (8) 1060 3.8 MCF 0.7 M
1695 (c) 192 .
(A) 1130 (A) 377 (A) 424 3 BOXES AVAILABLE | 3X6'
2x847 |(B) _565 (8) 208 (8) 424 3.6 MGF 0.7 Mi
1695 (C) 192 (8) 830 J
(A) 1130 (A) 377 (A) 106 4 BOXES AVAILABLE | 3X 6'(
IX847 |1x847 |(B) 665 (B) 208 6.1 WCF 0.7 M
1695 (©) 192 :
(A) 1130 (a) 377 (A) 81 BOBO MCF EXISTING | 3X 10
3X713 (8) 565 (8) 208 1.1 MG
1695 (C) 19.2 |
(A) 1690 (A) 665 (a) 71 3X10°
2X1200 |(B) _880 (8) 31.2 (B) 381 11 MG
2540 (C) 28.8 (8) 1060 -

(A) 847 16 BOXES AVAILABLE
:xmzs 2X3530

\ NUMBER OF GENERATORS




ANTS

To City Gas Works)

ATION

SYNTHETIC CRUDE PRODUCTION
JRIFICATION | FISCHER OVENS |ACTIVATED GHMARCOAL | SYNTHETIC CRUDE [TOTAL FINISHED Pnowa
' OF PURIFIERS | NUMBER AND STEAM ABSORBERS PRODUGTION ALL PLANTS
TAL VOLUME GENERATION STEAM CONSUMPTION
MGF TONS/DAY TONS/DAY TONS / MON. TONS/MON,
6" 2 2x4'1"
CF ILO TON/DAY 100
' 16.5
6" 2 2x4'n"
5F 11,0 TON/DAY 100
% 16.5
8" 2 2 x4'n"
3F 1.0 TON/DAY 100
| 16,5
s" 2 2x4'n"
F 1.0 TON/DAY 100
| 16,5
1. 2 2 x4'n" 350 GASOLINE
F 100 420 DIESEL OIL
1.0 TON/DAY ,
| 18:6 70 PARAFFIN '\
" 2 2Xa 1" 420 KOGASIN
. 140 GAS OIL
F 1.0 TON/DAY 100 _—
16,5 : 1400 TOTAL
0" 2 POSSIBLY3 | 3 X 4'11"
F 17.25 TON/DAY 100
16.5
0" 3 3x 4'n"
F 17.26 TON/DAY 150
28.0
|
50
LURGI
12 3x7'8"
500
WINTERSHALL

FIGURE 54




uall

The cost of the individual installations varied considerably
depending on local conditions, the amount of CO and By on band, amunt

of piping required, etc,

None of the KARFFEN plants are underground. These little plants,
with an average plmned yroduction of 100 tons of crude per mcnth (ex-
cept Leipzig, with about 500 tons per month) were .in the Geilenberg
emergency construc tion program to partly offset the damage done by air
raids to large Fischer-Tropsch plants like Lustzkendorf. Figure 5
lists all KARFFEN plants, their chamacteristics und proposed camcities,

The Leipzig plant was abous 80% completed at the end of the war ang
construction was continued on orders of the Allied Military Goverment,

Thase stmdard ovens age about 66 incles wide, about 8 to § fees
high and 18 feet long,

lenvea of data:

WeL, Ruwkes, Construction Engineer for lLurgi
Gesellschaft fuer Waermetechnik meb.He., Frankfurt,

Dr. Hubman, Director of the Technical Bureaus of Lurgi.

Dr. Homborg, Assistant Plant Manager of the leipzig
Gas wOrkSo

M. E, Goilonborg.
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*JAKCE 1w

(Primitive Cracking Plant)

(a) General Datai

(v)

1.

2

3.
he

Se

ba

Location

Conssruction type
Company in charge

Es$imated campletion
dave

Design capacity

Cracking process

Loot axl Iabor Reguired:

1.

2.

3.

4o

Eavimated total cost

x_stimtod cost until
end of war

Average number of
workmen

Construc tion labor
t0 end of war

Total labor to
end of war

Total labor to com-
pletion cf plant

Statzendort Cowmty, St. Foelten/Iower
Dan ube .

Open construction above ground,.

Donau~Chemie .

11 June 1945 (originally 15 April 1945)e

Raw Maderial: Residuum fram Brown Coal
$ar, after distilling
off the light and middle
0118.
Feed: 3,000 tons per month of heavy oilss
Production: (in tons per month)
750 Crude Gasoline
600 Crule Diesel Fuel
450 Tuel 01l
900 Fitch

Hoffuan
%900,000 Rle
700,000 Rie

a) Skilled 100
b) Unskilled 100

¢) Foreign 300
Total 500

35,000 man days.
35,000 man days.

85,000 man days.
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* JAKOB 2°
(Primitive Cracking Flant)
(a) Sancxal data:

1. ILocation s Hirschfelde, north-east of Zittau/Sa.

2. Construwction type s+ Open construction above ground.

3« Company in charge t  ASW,

4« Estimated completion

date ¢ 15 June, 1945,
5. Design capacity t+ Feed: 3,000 tons per month of heavy oils,

Froductions (in tons per month)
750 Crude Gascline
600 Crude Diesel Fusl

450 Fuel 01l
900 Fitch
6. Cracking process : Hoffman
'b) Ceonstruction Cost apd labor Required:
1, Estimated total cost : 1,900,000 RM,
2, Estimated cost until
end of war s 900,000 FM.
3« Average number of
workmen : a) Skillad 50
b) Unskilled 50
¢) Foreign 150
Total 250
ke Construction labor
#o end of war ¢t 33,000 man days.
5, Total labor to
end of war :+ 40,000 man days.
6, Total labor far
" coampletion of plant :+ 85,000 man days.
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.I!Kga 3.

(Primitive Cracking Plant)

(a) Ggpersl Data:

1.
2,
3e
be

Se

/

6o

Location
Construction type

Company in charge

Estimated completion
date

Design capacisy

Cracking rrocess

(b) Coat and labor Fequired:

1.
2.

e

be

Se

Estimated total cost

Estimated cost wuntil
ond of warx

Average number of

worianen

Construction labor
to end of mar

Total labor to
end of war

Total labor to
compls tion of plant

Berbersdorf -north, near Ha4inichen/Saxcaye
Open construction above ground,

ASW,

27 May, 1945 (originally 30 March, 1945+
Feed: 3,000 tons per month of heavy odls.
Production: (in tons per month)

75« Crude Gasoline

600 Crude Diesel Fuyel

450 Fuel 011

900 Pitch

Hof fman
1,900,000 R,

1,800,000 Ru,

a) Skilled 100
b) Unskilled 150

¢) Foreign 250
Tosal 500

50,000 man days,
81,000 man days.

86’0w m ddyﬂ -



" I.mn h |

(Primitive Cracking Fl:nt)

(a) GCeperel Data:

(v)

1.

2.
3.
ba

Se

6o

location

Construcsion tyype

Campany in charge

Estimated completion .

date
Design cayacity

Cracking process

1.

2

3.

Estimated total cost

Estimated coat until
end of war

Average number of
worlkmen

Constructicn laborxr
to end of war

Total labor to
end of war

Tosal labor to
completion of plant

Berbersdorf-south, near Hainichon'lsaxony.
Open construction above ground,

ASW.

15 itmo. 19,5 (originally 15 April 1945).

Feeds 3,000 tons per menth of heavy olls,
Production: (in sons per month)

'50 Crude Gasoline

00 Crude Diesel Fuel

450 Fuel 041

900 Fisch

Hoffman
1,500,000 M.

1.100’0.00 m.

a) Skilled 50
b) Unskilled 100
o) Foreign 250

Total 300

. 34,000 man days.

50,000 man days,

85,000 man days.
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lIgma 5.

(Primitive Cracking Flm$)

(a) GCgperal Data:

()

1.

2e

e

be

Se

6e

Iocatio
Construction type
Company in charge

Estiuated completion
date

Design capaci ty~

Cracking proceas

Coat and Iabor Heguired:

1.

24

3

4o

Se

Estimated total ccst

Estimated cost until
end of war

Average number of

workmon

Construction labor
td end of war

Total labor to
end of war

Total labor %o
completion of plant

t Boegerhof near Rinteln on the Wesers

:. Open conatruction above ground.

1+ Nerage.

: 1 July 1945 (originally 30 Aprdl 19:5)e

s Feed: 3,000 tons per month of heavy oils.
Production: (in tons per month)
750 Crude Gasoline
600 Crude Diesel Fuel
50 Fuel 0il
900 Fitch

¢ 1,500,000 R,
s 1,100,000 RM.

+ a) Skilled 50
b) Unskillea 50
c) Foreign 200

Total 300

& 31,000 man days.
+ 50,000 man days.

1+ 85,000 man days.



.IQEQE é.
(Primitive crackiné Flant)
(a) Geperal Datas
1, ILocation : Braunsdorf near Altenburg/Thuringia.
2. Construction type + Open construction above ground.
3. Campany in charge : DEA,
(b) Construction Gost and Iabor Required:

Planning was storped before construction wes started.
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2JAKOB 70
(Primitive Cracking Plant)

(a) Gaper~l Datay
1. Lo ::ation

2¢ Cocnstruction type ¢ Open construction above ground.

3« Company in charge : Riebeck-Montan,

(b) Gemssruction Cost and Labor Required:
The project was abandoned .

«126-
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.Jimg 8.
(Primitive Cracking Plant)
.a) Gasneral Dataj

1. lLocation :+ Kammerforst near Haselback/Thuringia,
2. Construction type +. Open construction above ground.
3. Company in charge s I1.G. Farben.

¢(b) Construgtion Cost and Iabor Hequired:
Plamning was stopyped before comstruction was started.
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~JAKOB O°

(Prinditive Cracking Flant)

(a) Geperal Data;

1.
2.

3.
4e

Se

6o

Location
Construction type
Company in charge

Estimated comjletion
date

Design capacity

Cracking process

(b) Gos¥ and labor Required:

1.
2.

3e

be

Se

Estimated total cost

Estima ted cost until
end of war

Average number of

, workmen

Construction labor to
send of war

Total laber to emd
of war

Total labor to
completion of plant

Hedersleben near Halberstadt,

Open construction above ground,

Rheinpreussen,

30 ¥ay, 1945 (originally 30 April 195)

Feed: 2,000 tons per month of heavy oils.
Production: (in tons per monsh)
500 Crude Gasoline
500 Crude Diesel Fuel
720 Pitch
80 Fuel Gas

Carburol

1,000,000 R,
700,000 RM.

a) Skilled 50
b) Unzskilleda 50
) Foreign

Total 250

2/ ,000 man days.,
31,000 man days.

50,000 man days,
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*JTAKCE 10"

(Brimitive Cracking Flant)

{s) Seners] Datag

1.

26

3.
Le

5.

bo.

‘Iocation

Construction type
Canpany in charge

Estimated ccmpleticn
date

Design capacity

Cracking process

) Goat apd labor Beguireds

1.
2.

3.

BEstimated total coat

Estima ted cost until
end of war

Average number of
workmen

. Construction labor

to end of war

Total labor %o
end of war

Total labor to
campletion of plant

. Marisnnensglueck County, Senf ten-

berg/Niederlausisz,
Open cons$ruction abow ground,

Anhaltische EKohlenwerke.

15 June, 195 (originally 30 March 1945)
Feeds j,000 tons yer mcnth of heavy oils,
Yroduction: (in.tons per month)
1,000 Crude Gasoline
1,000 Crude Diesel Fusl
1,440 Pitch
160 Fuel Gas

Carburol
1,900,000 RM,

600,000 RM.

ag Skilled 50
b) Unskilled 50

c) Foreiga 150
Total 250.

25,000 man days.
27,000 man days.

85,000 nan days.
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"JAKCE 11 (formerly Taube 3)

(¥rimitive Cracking Flant)

(a) Gegneral Data:
1. Leocation : Mine ADA/lausitz,
2. Conatruction type ¢ Open construction above ground.
3« 'Company in charge ¢+ Brabag.

4. Estimated completion
date t = = = (originally 30 April 1945),

(b) Coast apd Labor Required:

The conatruction was only being started.
Sources of data;

All data on Jakob progrem was cbtained from:

Mr, E, mihnb.mo
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ZEUGELOFEN"
(Cracking Flants)

l. Construction type : Above growmd, in congealed locations,

2, Capacity t 700 tons per month of reduced crude
per plant.

These units for light cracking were to be built from salvaged materi-
, from bombed plants. Twenty-two plants were planned and equiyment for
;0 of them was $o be removed from the following bombed plants:

KUCGELOFEN Iukep from
3 Foelitz
8 Gelsenberg
6 Scholven
3 Blec hhammer
20 |

Sources of data:

Files of Frofessor Krauch, Commissioner General for
Froblems of the Chemical Indussry.
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(a) Geaeral Datay
1, Iocation s+ Forta Westphalica.
2. Cons$ruction type : New undexground plant,
3« Company im charge : Nerage
4. Bstimated completion
date ' + May 15, 1945,
5« Design capacity t. See page 152.
(b) Seoot and Iabor Egauired;
l, Estimated tctal cost s 27,000,000 RM,
2. Bstimated cost wmbil
end of war : 26,000,000 RM,
3+ Average gumber of
workmen & a) Skilled 550
b) Unskilled 0
¢) Foreign ’
Total 00
4. Construction labor + 628,000 man days.

5. Total labor i 1,220,000 man days,

(¢) BExgavation Reguired:

48,000 sq, fs.

l, Area :
2, -¥olume s 46,000 cu, yds.
(4) Gapdcity; t 9,000 tons per month $opped erude.

DACHES 1 is a complete lube oil distillation and $reating plant loca-
ted uiderground in $unnels dug out of sandstone im a cliff directly op-

posite to the Forta railrcad station.

The plant proper consists of:

(1) A.#wo-stage vacuum distillation unit taking 3 side cuts on'
 the primary unit and one on the secondary unit., (Lumus design)

(2) A furfural sreating plans (copied froam the Texaco furfural
unit at Misberg).

-132-



(3) Hot clay contact plant (Texaco design),
(4) A dichlorethane demaxing plant (Edeleanu design),

This is a wvery pretentious plant and apparen$ly no concessions were made

b its wnusual envirommen® other than in the actual layout, That is, the

plant is in no sense a makeshift but was planned as a permanent installation
4 contains all the features narmally found in such a plant. The plant was
Wilt in @ sandstone quarry and a minor existing tunnel was extended to pro=

Tde room for the plant and tankage.

The two vacuum units and the clay contact plant were moved fran the
fmg refinery at Misberg, while the furfural and the dewaxing wmit were new.

The plant was designed for sopped crude only btecause of the addifional’
fire hazard of handling gasoline,

Construction was started on the tumnel in July, 19, and the installa=-
Hion of equipment was started in September, 194/, with a ccmpletion date set
% Geilenberg of November, 194« The plans was about 80% complete in March,
195, when construct¥ion was stopped. I# is estimated that the plant would

%% been completed in May, 1945,

SULITIES §

Sgean was to be provided by two 600 1b, boilers of ajproximately 65,000
bs, per hour capacity. Ome of the boilers was installed cutside temporarily
% save time in getting the plant started, but was to be moved inside after

the underground boiler was in operation.

. Electric power. Ajproximately 3,000 kilowatts of electric power were
frought in by underground cable and the transformer station is installed
Wderground,

Cooling water is yrovided by four centrifugal pumps in #wo separute
tonerete pump hourses on the banks of $he yeser. The pumps are in a pit
tbout 20 feet deep with suction lines running cut to the water. The plant
¥ould operate at full rate on one pump house excert in the summer when

dgh water temperature would increase consumption.

Yentilagion is provided to reduce the hazard of bullding up explocive
Zztures at any ‘point in the cystem. The ventilating blowers were to be
installed at the extreme rear of the tunnels, taking suction o the trans-
Jortation and tank tunnels and discharging through the two plant tunnels,
The furnace roams and the ammonia corpressor roams were to be ventilated
Serarately and isolated from the rest of the system.

Fire was to be entirely conventional and no remote
fire control was contemplated.
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JZANEAGEL

Underground tankage is provided in the $wnels for all unfinished pro-
avetse Th:t is, tanks were constructed by lining the tunnel walls ang
pyoors with brick and concre®e and installing bulk heads of reinforced con-
cyete to divide the tumnels into separate tanks. Tankage is installed for
mtrested spindle oi_l and light ond heavy cylinder oil, as these must be

through the $reating plants in turm. Sufficient tankage is provided
sg that only 2 or 3 switches jer month are required. Topped crude and
ﬁpmm product storage is jrovided in a wooded section on the side of

spe hill.

LQADTNG BACKS &
Two racks were provided for unlcading about 10 t;:n's of top;ed orude
”nultanew-’w and one for lcading finished products. In additions, facil-
:tiu were planped for l<ading yroducts into barges on the river,

gources of datal
NMr. B, wimr‘

Dr. 2053 - I1.G. Farben, leuna.
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ELAT "DAGES 2%

(a) Goneral Datay
l. Iocation "+ [Ebensee on Traunsee/Upper Danube,
2, Conssruction type 3 New underground plant,
3+ Compeny in charge : DEA
4o Estimated canpletion
date ¢ 1 August, 195,
5. Design capacity i+ See page 152.

(b) Cgost and labor Beguiredy
1. Bstimated total cost s+ 40,000,000 R,

2., Estimated cost until _
end of war ¢+ 30,000,000 R4,

3. Average nunber of
workm( s : 8) Skilled 1,100

bg Unskilled 1,800
c¢) Foreign 1.%00
Total 14,600
Construction labor

g to end of war : 682.000 man days.

Toﬁl labor to end

5° ¢ war ¢ 1,350,000 man days.
6 Total labor %o
*  somplete plant t 1,800,000 man days.
(o) Excavation Seauireds
1, Ares 1 260,000 sq. £%.
c
2. Yolume H 280.000 cu. yda.
@) 1$y3 3+ 8400 tons per month, topped crude.

This pland was to consist of vacuum distillation and Duo-scl exiruation,
sulfuric acié treatment, clay treatment and dewaxing. Little has becn done
on the installation of the treating equipment. However, 8 "ofens® with a
total capacity of 2,000 tons per menth were in operation underground at

this location.
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The dewaxing plant was $c be new, of Edeleanu design with band filters
ahd & capacity of 4,000 tons pcr month,

The Duo-scl plant (capacity 6,000 - 7,500 T/me) was being moved from
Livorno, Italy.

The residue from the vacuum distillaticn and the lube oil extract was
to be burned for fuel.

Sources of data:

Mr. Goilenberg
Dr. Zorn - 1.G. Farben, leuna,



BLANT "DAGHS 3%
(a) Gemeral pata:

l, location t Deudsch-Brod/Bohemia and Moravia
(Protectorate ).

2e¢ Construction type ¢ Railway tunnel under construction, finished
for the greatest par$. ’

3¢ Canpany in charge t Fanto-Werke.

4. Prospective completion 4

date 1 1 August, 1945.
5« Design capacity 1 Sse page 152,

(b) Cost gnd Iabor Reguired:
l., Estimated total cosat ¢ 9,000,000 RM,

2« BEstimated cost umtil

end of war + 4,500,000 RM.
3. Average number of
workmen : a) Skilled 450
b) Unskilled 50
¢) Foreigan
Total 1000 .
4« Construction labor $o
end of war $: 118,000 man days.
5« Total labor to
end of war : 202,000 man diyse
6. Total labor o
complefe plant ¢ 405,000 man days.
(c) Excavation pequired:
1‘. Ama : 5!;.000 3(1. fto
2. YVolume : 52,000 cu, yds,.
(d) Capacity: t 3,000 tons per month,

This plant was to be built in a railrcad tunnel and would have been
finished in about 4 months, The equimment was being moved from the Fanto
works in Pardubitz, '
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The plant was to use the SNP (Suida Nobel Foell) irocess, which cone
sists of Cresol extraction and centrifuging with step-wise separmation by
water 'addision. In addition, there was %o be a Burisol ceatrifugal dewax=
ing, using a dichlorethane~benzol solvea$ and propéne de-asphalting.

Feed was to be provided from two to three ?OFENS" and the balance was
%0 come from the Fanto refinery at Pardubitz.

Sources of datat
Mr. E. Geilenberg
m‘. m - I.G. hrhn. Iﬂmo
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(a; Generel Datas

1.
2,
3.
L

5.

Lo ition
Construction type
Company in charge

Estimated completion
date

Design capacity

(b) Cost and Iabor Required;

1,

2.

e

4

S«

6o

Estimated total cost

Estimated cost until
end of war

Average nuuber of
workmen

Construction labor
to end of war

Total labor to
end cf war

Total labor to
camplete plant

(c) Exaation pgauired;

1.
i
(@)

Area
Volume

citye

Osterode/}hrz.
New underground plant.
Rhenania-Ossag,

1 February, 196,
See page 152,
40,000,000 R,
10.000.000 m.

a) Skilled 950
b) Unskilled 250

¢ ) Foreign 150
Tote)

333,000 man days.
450,000 man days,
1,800,000 man days,
mo.m 8q. £t

200,000 cu. yis,

25,000 tons jcr month erude.

This was to be an underground installation with equipment moved from
Rhenania-Ossag refineries at Harburg and Grasbrook. It was to consist of
topping ~tills of 30,000 tons por month cayacity; vacuum stills of 15,000

Ak~



tons per month capacity; dewaxing, sulfuric acid and clay treating.
In addition, a small wax cracking and synthetic lube oil plant was
to be installed with a capmeity of 450 tons per month,

The excava-
tion was about 30% complete,

Sources of data:
My, E, Geilenberg.

Dr. m » I.G. hrm. louna.



LUBRICATING OIL SYNTHESIS
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ELAUT YDACHS 5
(a) Gepornl Datas
l. Iocation ¢ Willingen/Waldeck.
2. Construction type ¢+ Underground. Planned to enlarge exist-
irg slate mines. :
3« Company in chirge s Ruhr Chemie.
4. Design capacity t See page 152,

(b) Cest end labox Beguired:

Very little had been accomplished on this plant because of difficul-
gies with excavating. No labor statistics are available,

(c) Bucawtion Bequired;

1, Area t- 570000 sqg. f't,
2. VOM i 1}8.000 CcCu, ms.

: plant was planned in Cctober, 194 and was to be finished
auary 3o 1945« The excavation was to be made as
yeny done' shale mine, an extension of

AS orjgi;nl:y phnnth e(;:.. 11:?1:; vlant was to have a capacity of 30,000
r month of synthetic lube oil; to be ;roduced from Fisch S
:‘;nsmthimd fran Holten~Oherhausen, e
Tpis installation was lo consist of 3 cracking units for Kogasin
4nd an aluminum chloride polymerization plant for the odwtion of
synthetic lube oils.

pecause of the difficulty in excavating the shale the size of tha
plant was reduced to 7,500 tons per month of charge in January anl later
the lube oil plant was dropped entirely and the yroject was reduced to
removing 2 cracking plants from Salzbergan (12u tons yer day) and one
grom Livomo, Italy (200 tonz pei day),.

Considerable difficulty was encountered with caving of the sinle
formation, 30 little wrogress was mde. The attack cn the nining piche=
jem appeared to be very poorly organized amlthe equimment was yrinéitive,
Only 10% of a total projected excavation of 26,000 cubic yanis-had GO
ﬁ.nished.

Sources of datas
Mr. E, Geilenberg.
Dx‘. wn. IOG. m‘beno Iﬂum.

18



ELANT *DAGES 6*
(a) Genexel Dakas
1. Ilocatiom t Moosbierbaum near St. Foelten/Lower Danube,
2; Construction type = Above ground in wod s,
3« Company in charge- : Domauchemie,
4« Estimated completion
date I ==
5e Dezign capacisty & See page 152,

(b) GQosf and Labor Hoquireds

This project never went beyond the foundation stage.

This was to have been & hidden installation in the woods about 6 I
fram the 1.G. Refinery at Moosbierbaum., Equipment originally ordered for
Mooabierbaum was o be usdd,

The plant was $o consist of the following:

l. Vacuum Pissillation.

2o Sulfuric Acid Treating.
3. Bot 01&.'/ Centact Plant,

Iie Dewa.xing.
The jrojected capacity was 7500 tons per monthe
Sources of data:
Mr, E. Geilenberg.

Dr. Zorn - 1.G. Farben, leuna,



ELUT "DACES 70
(a) Ggpeml] Datag

1. Xocation: 1: Alte Foste near Pirma/Saxony.
2. Construction type ¢ Underground
3. Company in charge : Deutsche Gasolin.
Le Estimated completicn 3

date t 1 September, 19,5
5. Design capacity ¢ Sec yage 152,

(b) mmmm

1s Estimated total cost : 8,000,000 R,
24 Estimated cost until

end of war : 6,000,000 R,
3 Average number of

workmen aal D) Skilled 100

b) Unskilled 100
¢) Foreign
Total

ke Construction labor

to end of war ) + 83,500 man days,
5 Total labor %o

end of war t 270,000 man days,

be Total labor for
canpletion of plant ° 1 320,000 man days.,

This was o0 be an underground plant in sandstone tunnels lined with

concreter

It was to consist of the following:

SNp Bxtraction Flant
Edeleanu Dewexing Flant
Lube 01l Redistillaticn Unis

frau Dollbergen Refincyv,

Vacuum Distillation Unit
Hot Clay Contact Flant

N NN -

Erection of equimment was just starting,
Sources of data: Mr. E. Geilenberg

Drc Zom - IOG. Fal‘ben. Ialm.
=150



PLANT "DACHS 8+

ati 0il ant

(a) Genexal Data:
1. Locatim : Muehldorf Glatu Coiwty Loser Silesia,
2. Conssructicn type : Open construction above ground.
3« Company in charge i Continental Oel A.G.
4+ Estimated campletion
-date t Froject abandoned.
5« Design capaecity 1 See page 152.

(b) Cost and labor Beauireds,

Flanning and construction were abandoned before much had been sccom=
plisheds This plant was to have been built above ground in a mrrow valley.

Equipment was as follows:

1., Distillation )

2, Duo-Sol extraction ; From material ordered for
3. Sulfuric acid treating g Trzebinia

L4e BHot clay contect g

5e¢ Dewaxing Ordered for Iaslo

The distillation unit had a capacity of 28,000 tons/mo and distile-
lation was accomplished in two passes thruugh the same unit, first at
atmospheric pressure and then under vacuum, to achieve the stated plant
capacity of 14,000 tons per month of feed.

Sources of data:

M, E, Geilenbem

Dr. Z2om = 1.G. Farben, Leuna,
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Bazallon snd Catalyst Map facuring
(a) Canesnl Datay
l. ILocatian t Unterloquisz.

2. Construction type
3« Company in charge

4o Estimated completion
Qate

S5« Design capacity

(b) Cgot and Iabor Requiredy
1. BEstimated total cost
2, Total labor

(¢) Wesavation Reguired:
l. Area

2. Yolume

"Steinbock 2" was to be a catalyst manufecturing plant, aLsoPa
flow unit and di-ethyl-benzene (Kybel) plant as original ly planned

1

In slate quarry.

I, G. Farbeninduatrie.

Sse following yages.

65 tons per month of Paraflo"
85 tons per month of gas phas S
350 tons per month of sump pbas

$
cnﬂm
caﬁw’

See following pages.

See following peges.

55,000 sq. £t

9:000 cu, yis,.

para”
ia

,-.ed
194+ In January, 195, the di-ethyl-benzene (Kybcl) plant was drOII(',
and the paraflow wnit pushed to offset loss through air raid damage
the only German paraflow plant, in Iudwigshafen.

A% the site in Ansbach near Unterloguitz is an old slate mine;e
originally ¥nown as the "Grube Brand", There are five levels, 31’7‘;
vertically about 90 feet, Slate was being mined in the lowest ™

levels anly.

&£ h
It was plamed that the "Bewerkschaft Glueckauf" whic

n
operated the slate mine since 1919, was to continue slate mining i

the lowest level only.

The $op level, which contained the largest existing chambers ="

%o receive the pamflow plant,

The other levels were to house e

catalyst production, (See perspective drawing on toge 160.)

=153



with increasing the width

ed on the perspective
hambexs

ang h:‘:%lorgauization Todt (CT) was charged
drawing) $ of the existing tumels (shown shad
irs i3e t. so that the egquiyment coull be moved into the work ¢
6-1/2 29 mountaine The existing $unpe 1o had a cross-section of
feet hx -1/2 fect and were being i feet wide and 11.5
igh, The OT vas also leveling +he floors and installing tracke
o be installed, the chambers were

In
the parts where equipment was ¥
protective cover abow 1ns fecto
r the tunnel ex~

u
!:et" 60 feet high with a minimum
for "Gewerksohaft Glueckauf" wad OT's subcontractor fo

sions; work was started 15 January 1645 and stopped 8 April 1945.
™ All levels are interconnected and also connected to the outsides
§ is commmication results in a gtack effect and the air eirculation
a;’R)Wry good in the mine. Boweyer, & ventilation system (fo cost

us 50,000 R) was %0 be instal lede X
tal) the equipme
flow plant had be

nt brought fromPoelitz

The I.G. Farben was to ins
en bombed beyond re-

and Ludwigshafen, where the jara
IRir,
The power plant was to consist of three locomotives. At firet,
these were to be operated above ground; ter these were %o be moved
of the smaller chambers on the second levels
plant is at the site

inside one
About 608 of the equipment for the yaraf low
has been actually installed in

4in cr near Unterloquita but na e of it

the mine.
\tion, large quanti=

the 15te inbock” install
kermuende had been

In addition to hous 5§
4 from Peelitz and Uec

ties of h)ﬁrogemtion caialys
stored in and near the mine.

On the following pages M

a betwecn the criginal project, inclvaing
without Kybol (Project 1I) and

ground. (Pages 155-155 To

411 ve fownds

mable of comparisc
the reduc
plan® located above

by the 1.G. Farbe

1,
Kyrbol (Project I)e
Froject III with the

2, A cost estimtes as prepared
19,5, (Yages 157-159)e
the entire wnd e ground minee (Yage 150)e

n, 16 Maroh

of

9(-—0-6

Je A schematic dravilis

Sources of datas
. We Volf jneer with the I.G Farbenp Ludwigshafens
T O in Scba(.lox.'tbal. He was assistant
ed by geilefberge

Now living near the site
$o Mr, Raichle, yroject managers appoint

w19=




~
‘.

Comparison of the original project of 23 November, 1944, with the rroject
on 3 Janwry, 195, and an above grownd installation:

Project I dated
23 November, 1944

Iroject II
dated 3 Januvary
1945 without
Kybol

Toject III

Above ground in-
stallation at the
* Ludwig" mine

ithout Kybol

Producticn: 65 tons per month 65 tons per month paraflow.
yaraflow 85 tons per month gas rhase
85 tons per month gas catalyst. i
phase catalyst, 350 tons per menth sunp phase
350 tons per month sump catalyst.
phase catalyst.
1400 tons per month Kybols
daterial Requiredy
New steel for mechanical
equipuent 2,380 tons 1,100 tons 1,100 tons
Structural steel, inclwd-
ing rails 1,950 tons 330 tons 40 tons
(incl. 180 (120 tons)
of track)
" Structural timber 720,000 128,000 93,300
becard feet beard feet board feet
Cement 1,000 tons 400 tons 250 tons
(900 tons)
Gravel, Sand, Stone 7,000 tons 5,900 tons 1,600 tons
(6,000 tons)
Constructicn cost 1,800,000 RM 500,000 RM 500,000 Ry
(750,000 RM)
Labor Roquired:
a) lning - Skilled *50 25 -k
Unskilled 320 160 . -
b) Construction - Skilled 100 95 120
Unskilled 750 315 200
¢) Mochanical - Skilled 235 110 90
Unskilled 415 190 160

* Figures ot in j;arenthesis show "without air raid precauticns,."

Figures jp rarenthesis show "with air raid precaution installations."
-155-



ASTRI 2" - cont'
Golng gu Stream:
gatalyst Flant end of May, 1945 end of May, 1945 end of May, 1945
Faraflow end of Apr, 1945 end of May, 1945 end of May, 1945
Eybol end of Jun, 1945 - - - -
Zize Schedulg:
Freliminary work at site - - 20 days
Flanning - - 10 days
pning, excavation 50 days -
Construction work 75 days 105 days
Installation 75 days 75 days

The above tabulation was prepared by the IG, Farben in January, 1945
to prove that the surface construction is not time -saving, éspecially as
the epeed is predicated upon weather conditions and time lost through air
raid alarms. The saving of structumal steel in Frojeot III is more than
offeet by the required fregmentation protection wal ls and air raid shelters
as & greater amount of cement is needed. Due to the required air raid pre-
eaution measures, the overall total of labor required for the underground
4nstallation would not exceed the surface projeste.

Of course this favorable compariscn is possible cnly due to the fact

that an existing mine with sufficiently large underground cavities was
selected for this project, and little additional excavation, such as in-
ereasing the cross-section of some tunnels was regquired.

=156~



B b G

(a) of Mechanica) Equiments
yrices given are for new equipment)

Faraflow ‘700,000 RM
Gas phase catalyst 1,500,000 RM
Sump phase catalyst 450,000 RM
Cprau catalyst 400,000 R4

Total 3,050,000 MM

Thereof actually new egquipment:

(d) ing and Installationy
could be caleulated under air raid damage)

Dismantling 300,000
Installation 700,000 RM
Total 1,000,000 RM

(c) Conatxucticn Costs

Faraflow 170,000 RM
Gag phase catalyst 300,000 RM
Sump phase catalyst 150,000 RM
Oppau catalyst 10,000 R
Fower installa®icns 70,000 WM
Total 810,000 R
(@) Mining Qste

Preparing of the underground
roams and widening and heigthen~

ing of existing tunnels 450,000 KM
Ventilation 10,000 KA
Total 500,000 rad

(e) Power Inetallation (mechanical equipment ):
Boiler plant 150,000 RM

Gas Frodueticn 0,000 R
Fower distribution 100,000 RM
Total 410,000 RM

-157-
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timate - "S " .

(£) Jdacellaneous Costs for Jngtallation of
the Undepground Pisyersal Plantg

Railrcad 200,000 A

Fresh water and water disposal 25,000 RM

General lighting 20,000 RM

Total 245,000 R

(g) Cest of Jreliminary Planning: 80,000 R

Ereakdomm of Cost Between the Germen Redech and the I1,G, Farben

According to current contracts for other projects (DACHS, KUCKUCK,
etc.) the Reich carries the following:

l. Mining cost,(d) above 500,000 R
2. Miscellaneous ccets for in-
stallation of the Underground
Dispersal plant,(f) above 2/,5,000 RM
Total 745,00C R

The complete or rartial carrying of the followirg items by the
Reich should be considered:

1. FPreliminary planning,(g) above 80,000 R
2, Construction cost,(c) above 810,000 RM
3« Power installation and dis-
tribution,(e) above 110,000 Ru
4. Dismantling and installation
cost,(b) above 1,000,000 m
Total 2,300,000 RM

Through the dispersal underground, the following higher expenditures
oceur as compared to normal construction above ground!:

1, Due to longer power lines to plant (access

tunnel of about 1000 ft. length) and due to :
levels being about 100 ft. on center vertically 75,000 R
2. Due to longer pipelines for raw and finished
rroducts 50,000 Rd
3. Alditional cost for necessary elevators due to
units being located at varicus levels 50,000 R
(continued )

-158-
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timte « "SR 2" o oont!

4« Additional cost for powerlines (special
cables, humidity resistant)

100,00C Hi
5« Additional cost for signal systems for
safety precautions ang telephone ine
stallations —25,000 R
Total 300,000 R
The carrying of this coat by the Reich should be negotiated.
LG Farben gooty ‘
Cost of new mechanical equipment 1,100,000 RM

In addition, costs from items (¢) and () yot to be determineds
Recapi:

Without ccnsideraticn

for unforeseen ccats,
the grand total for th

e whole rojest is ls ¢ 15,000 Rbl

in accordance with the
Underground Disperaa)
Frogram, carries

745,000 RH

The I.G. Parben will caryy 1,100,000 KU

The total or partial taking over of the rest, of 2,300,000 R4
by the Reich should be negotiated, |

About 6% could be estimn

_ ted in each case for
unforeseen eXpenditures,




SCHEMATIC VIEW OF UNDERGROUND PL
STEINBOCKII AT UNTERLOQUITZ, GERMANY
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ZWOLCEE - CR IHENQL EXIRACTION ELNIS

These plants were designed to remowve rhenols and sresols from middle
0il produced by carbonization of brown coal, thereby producing Diesel oil
without hydrogenation and recovering the phenols aml crescls normally des=-
trayed by hydrogenation. They were all located close to existing low=
temperature carbenization plants sc that no increased transportation ;rob-
lens were involved,

Two of these units were to be built by lurgi and four by Ubde, @n
I1.,G, Farben affiliate.

A rough Diesel cut 300 to 660° F. is extracted countercurrently iu
three stages with metasolvan (a mixture of gasoline and methmol)., The
phencls are extracted by the methanol and the gasocline serves only te
reduce the sjecific gravity of the oil layer to promote separation.
After extraction, the mixture is ssparated into two layers by settling:

1. A methanol-phenol sclution cr extraet.
2. A gasoline Diesel o0il layer.

The'cil is distilled %o separate Jiesel oll and gasoline. 7This dis-
£illaticn i3 carried .ut in twe stages~-atmospheric ard vacuua. ‘he
@isoline is re-used and the Diesel oil is re-run to 610° F, EP. Origioal-
1y, it was hoped to yroduce Diesel oil without re-running, but this was
found to be impracticale.

The methanol-phencl soluticn is distilled for recovery of methanol
which is recycled to the extraction aystem,

The methanol losses are 1/10 to 2/10 per cent of the feed rrimarily
because of the use of available equipment which was too small for the
jobe With proper equiiment, this loass can be reduced to .003%. The aix
rlante were to treat 30,)00 tons per menth and the methancl loss on this
bagis was 60 tons per month. Since methanol is only worth 1-1/2 to 2
times as much as Diesel oil, it is not eccnamical to recover the methanol
completely and toward the end of the war methanol was apgarently no long-
er critical.

The phenols yroduced contained about 0,68 sulfur and were not suit-
able for all purposes. -

A list of plants is inclvded on the following pages, giving rates,
rreducticns, completion dates and cost information,

- e =

Sources of datat

Dr. Herbert, Durgi Gesellschaft fuer Waermetechnik, mbH, Frankfurt.
Y. .1, Ruckes, Construction Enginecr for Iurgi.
lr. E. Gad Jenberg
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*120.

(¥encl Extraction)

(a) Generel Datag

(v)

1.
2.
3e
e

Se

Location
Censtruction tym
Company in charge

Estinated conpletion
date

Design capmeity

Cost and labor Beguiredy

1.
24

Je

Estimted total cost

Eatinated cost to
end of war

Average number of
workmen

Construction labor
to end eof wary

Total labor to
end of war

Total labor for come
pleticn of plant

:

Obermolwitz near Altenburg/Thuringia.
Open construetion above ground,

DEA,

25 ¥ay, 1945.

Feed: 9,000 tons per month of middlie oil.
Frodustion: (in tons por month)

Diesel 0f1 6,000
Fuel 041 12000
Total 9,000

3,500,000 R,

3,000,000 R,

a) Skilled 100
b) Unskilled 320
¢) Foreign Joo

Total 500

70,000 man days,.
135,000 man doys.

158,220 man days.

Note: See general discussicn cn page 161,
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1MOLGE 2*
(Fhenol Extrac t‘ion)
(a) Seneral atas

1. Location 1 Hirsehfelde, northeast of Zittau.

2+ Construction type t Open construction above ground.

3. Company in charge 1 ASW.

he Estimated campletion

date t 30 May, 19,5.
5e Decign capacity + Feed: 6,700 tona per month of niddle. oil,

Production: (in tone per menth)
Diesel 041 4,400

Fuel 0il 2,300
Total 6,700
b) 22k and labor Reguired!
l. Estimated total cost : 4,000,000 KM,

2. Estimited cost to

ond of war 1 3,000,000 MM,
3« Avernge number of
workmen ! ag Skilled 50
b) Unakilled 150

o) Foreign ﬁﬂ
Total 1650
4e Construstion labor:

to end of war s 67,000 man days.

5« Total labor to
end cof war : 135,000 man days,

6. Total labor to com-
pletion of ylant 1 180,000 man days,

lote: See geneml discussion on paege 161,
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(a) Gepersl Datas

1,
2.
35
be

(b
1.
2e

e

Jocation
Construction tyre *

Ccmpany in charge

Estimated completion
date

Design capacity

Cgst and labop Requiredy

Estimated total cost

Bstimated ecost up
end of war

Average number of
Workmen

cnstruction iabor
to end of wmar

Total labor to
end of war

lotal lubor to
completion

.I'ise! gs 3 n
(rhenol Extracticn)

Ausehwitz near Gleiwitz/Upror Silesia,
Open construetion 2bove grounl ¢

I.G. Farben

¥inished

Feed: 3,200 tons per month of middle oil.
Freduetion: (in tons per month)

Biesel 0i1 2,100

Fuel 011

Total 3,200

3,000,000 R,
3,000,000 R,

a) Skilled 50
b) Unskilled 150

¢) Foreign 200
Total 400

60,000 man days.

135,000 man days.

® This plant was built above ground but was partially destroyed by bombe

ing.

Plans were being made to move the plant underground,

No progress

was made on this becausze of carture of the area by the Russians,

Note:

See general discussion on jage 161,
164~



L3 7/ n

(Fhenol Extraction)

(a) Ggporal Datas
1, Iccation : Miltitz-Roitzschen, scuth of Meissen.
2. Conatruction type : Underground in extension of existing
tunnel.
3« Company in charge : I.G. Farben.
I+ EBEstimated completion
date i 30 June, 19;5.
5. Design capacity + Feed: 6,400 tons per month of middle oile

Froduction: (4n tons per menth)
Diesel 0i1 3,900
Fuel 011 24500

Total 6,400

(b) QCost and Iabor Hequired:
l. Bstimated total cost : 4,500,000 RM,

2. EBgtimated cost to
end of war i 2,700,000 pM,

3e Average number of
workmen ¢ a) Skilled 150

b) Unskilled 150
¢) Foreign 300

Total 600

. te Cenotruction labor
tc end of war

.-

690,000 man days.

5. Total labor to
end of war 1 122,000 man days.

6, Total labor to com=
pletion of plant i 202,000 man days.

lote: Sec gencral discussion on jage 161,
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" o "

(Fhenol Extraction)

(a) Senexal Data:
1. Iocaticn t Niedemu, near Dresden.
2. Construction type & Open constructicn adbove groumd .
3+ Company in charge t$ Rustgers,
L4« Design capacity i+ Feeds 3,000 tons jer month of middle oil.
Production: (in tons per month)
Diesel 0il 2,000
Fuel 0i1 1,000
Total 3,0C0

(b) GCost anj Labor Requireds
Records not available. Cost and manpower required similar to
other "liokh" plants,

Note 1l: This plant differed from the other "Moleh® units in that a
conventional caustic extraction progsess was used instead of
the gasoline-methanol solvent,

Note 2: See general discussion on page 161,
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a) Ggungral Datag

b)

1.
2.
3.
be

5e

Location
Construction type
Campany in charge

Estimated completion
date

Design capacity

o=t ana Iavox Feguiredy

1.

2.

I

be

5.

6.

BEstimated total coat

Estimated cost to
end of war

Average number of
workmen

Construction labor
to end of war

Total labor to
end of wmr

Total labor to com=-
pletion of plant

nln!gu &n
(Phenol Extrection)

Nachterstadt.
Open construction above ground.

Riebeck.

15 June, 1945.

Feed: 2,600 tons per month of middle oll.
Produetions (in tons per month)

Diesel 011 1,700
Fuel 041 900
Total 2,600
3,000,000 RM
2,000,000 RM
a) Skilled 100
b) Unskilled 1250
¢) Foreign 200
Total 450

5114000 men days.
90,000 man days.

135,000 man days,

ote: See general discussion on page 161,
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- 10*

(Shale 01l Planta)

(2) Gengmal Datas

(v)

Se

Location
Construction type

Company in charge

Estimated completion
date

Dea.gn capacity

¢ See next rage for individual locations,

Open construction above grouad.

Deutsche Celschiefer-Forschungs=-
gesellschaft

Wueste 2, &, 8, 9 in makeshift
production at end of wars

Wueste 1 would have been ready for
makeshift producticn by June lat,

Wueste 3, 5, 6, 7 and 10 were post-
poned. Required eonstruction tims
2 to 3 months,

Feed: 5,000 tons of oil shale (each plant
1250 to 1800 tons of shals oil

Loot apd Jabor Requized for 10 Rlantss

1.

2

3e

4o

Se

Eatimated total cost

Estimated coat to
end of war

Average number of
employees

Construction labor to

end of war

Total labor to end
of wvar

Total labor to com-
plete plant

48,000,000 RM,
36,000,000 I,

a) Skilled 500
b) Unakilled 750
e) Foreign 3,750

Total 5,000
1,060,000 man days.

1,650,000 man days.

2,160,000 man days.
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‘1, Nehren
2. Weszingen
Je Engstlatt
4o Erzingen North
e Erzingen West
i. Dormettingen West
7. Dormettingen Center
8. Dormettingen Scuth
9, Schoemberg

10, Zepfenhan

The following five additicnal plants were contemplated but were dropped
later:

iles Schaerzingen

12, Sstandelah (Brunswick)
B. Schoemberg

U« Dottembausen

15+ Frommern

Construction by the DuB.H.G, (Doutsche Bergwerks o« und Huettenbau G.m.b.He)

paron HeJ« Kruedener, who for years was interested in oil production
erom ghale was charged with planning and construeting shale oil plm ta in
1943 bY the Chief of the Armament Supply Division of the Ayuy, (Ruestungs-
plan but in 154 after partial destruction of hydrogemtion plants,
the Commissioner General for the Chemical Industry supported this project
and opdered conatruction of 10 plants by the Conmissioner General for Ime
med da te Meanures, Goileniurg,.

Construction began in July 1944, Four makeshift plants went on
gtoeam in March 195, with a daily production of about 25 tons each.

In moving kilng l0«feet high, oll is distilled from shale at medium

gemperatures, the oil shale supplying most of the required heat through
tial burainge "Kiln® in this case simply means a heaped pile of shale,

the surface Ji which was covered with a layer of jeat. This layer wan
used to ignite the kiln, as well as to protect the burning during rains,
0il is formed by cracking at 900° - 16000 ¥, The oil vapors are sucked
away through probes sunk into the kiln and discharged through a jet con=
dencer and an electric filter intc the combustion fumace where none-
ecndensibla g2ses are burned. The kiln must operate at %000 -~ 1650° F,
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The burned shale remsélns in place to be eovered with the original
earth layer.

The minimus distanee between the moving Kiln and ' the edge of the
shale deposit should be 600 to 900 feet. Surface deposits of 6 feet
minimum thickness, amounting to at least 2,000,000 tons of shale were
considered necessary to justify installatien of a plant, The oil con-
tent cn the average is abcut 4.5% aceording to. pischer. The crushing
of shale toc walnut size was desirable and experiments were started to
determine explosives und drilling a:mnsanmto in order to obtuin sueh

shapes .

Strip mining alongside railway track was plamoa. To move cne toan
of shale cciits about 2 EM where overburden is not more than 2 - 7 feet
(open cut method), If overburden is thisk and mining through shafts
and tunnels is nq«sanry. the oost per ton . of shale would inecrease to

6 - 7 Rd,

In order to vtilize the Cerman oil shale deposits in luertemberg,
10 simple low~-temperature distillation plants were planmsd with a total
dapacity of about 18,000 tons per month of shale oil. This oil can be
used without further processing as fuel for hot bulb motors (Ians Motors).
It could not be used in jet propulsion for the ME262 because it cokes.

There were 50,000 motoia used in agricultural machines, 10,000
motors used in industry and 10,000 motors used by the Amy, or a total
of 70,000 motors. According to lanz, an average of 5 tons of fuel is
consumed rer motor per year. The yearly consumption therefore is:

70,000 x § = 350,000 tons,
Estimited production in the 10 Wueste plants:
1800 x 10 x 12 « 216,000 tons per year.

Total steel required for the 10 plants is 17,000 tons (10,000 tons
thereof for machines and equiyment),

All Wueste plants are above ground in open locations which are
camouflaged to a great extent,

Throughput per plant per month - 45,000 tons of oil shale.

Production per plant per month was estimated to be 1250 to 1800 tons
of shale oil.

75,000 to 85,000 gallons of water per 24 hours was estimnated neces-
sary for a plant with 1500 tons per day of oil production (excliuding
gasoline production - if gasoline was to be produced, the water require-
ments would be doubled:).
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Total powder requirements for the 10 plants was estimated at 1250
tons per year. During three weeks of operation, four *"Wueste" plants
yielded 30 - 35% of the oil present in the shale. The pilot plant yield
was 50 - 0%, In the Dr. Graf oven (simplest and most modern solution),

recovery wis about 85 - §5%.

The shale oil cannot be compared with regular mineral oil due to
the process of direct burning. The oil is very sensitive to heat and
light, »nd is not stable in storage. It can be used successfully in

hydrogenation where its high sulfur content is advantageous (4% sulfur
in oil). However, this uce camnot be justified commercially.

Sources of data:
Baron Von Kruedener, of Speer Ministry.

Mr. E. Geilenberg.
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L — La
(Fischer-Tropsch Plant)

I. EREES L1
1, Iocation + Ambrock near Hagen,
2¢ Construction type ¢ Underground,
3+ Company in charge ¢+ Ruhr Chemie.

It had been planned to place 20 Fischer ovens in tunnels dug into
the face of the cliff, As the plans were changed to include fewer than
20 ovens, the surplus tunnel space was given over to the Continental
Rubbex Campany of Hamnover for rubber storage purpcses, This was a

emll plant as the average Fischer plant uses 100 to 150 ovens, Basel
on the number of ovens, the capacity would de about 1000 tons per month.

. EERSS 21
This plant never progressed beyond the planning stage.
Sources of data:
Mr. E. Geilenburg.
Files of arof, Kmuch, Oormiissioner OGencral for
Froblems of the Chemical Industry.
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2ERITZE
{Dewaxing ?hnt)

(a) General pata:
1oy Ioc?.tion t Neuland on the Neisse.

2, XEstimated completion

date Believed to have been ccmpleted.

3. Estimated capacity s 1000 - 2000 tons per month.

This waz a makeshift dewaxing plant that had been moved from the
Erdcelwerke Idaweiche, Kattowitz intc the basement of & brewery. The
cooling plant of the brewery wis to be utilized to supplement the re-
frigeration equipment of the plant,

--z---

Scources of data:

Dr. Kranepuhl, I.,G, Farven, Isuna.



*STEINBOCK 1*

I. CENERAL: A complete program for the use of the tunnels of the
a3lt mine at Heilbronn for housing several different chemicel installa=-

tions had becn postulated. The program called for building a #ctory
for the production of Hydrazin-Hydrate, V-2 weapon fuel (code name: B

material); the yroduction of 85% Hylrogen Peroxide (code name: T ma-
terinl); the production of various base materials for the manufacture

of rropsllants and high explosives, such as diglycol; the rroduction of
tetraethyl lead; a plant for the repir of high pressure valves and fit-
tings for’ hydrogenation units; and tle otorase of catalyst for the pro-
duction of ammonia and methanols

II. Of all this program, only the plant for high pressure equipment
maintenance and the catalyst storage area weie actually carried beyond
the plannirg stage. The following applies only to the part jut into ef-
fect:

(a) General Data:
l. ILocation - : Heilbronn,
2. Construction type + Underground in salt mine.
3+ Company in charpe t I1I.G. Farben,

4o Estimated ccmpletion
date t+ 1 June, 195.

(v) Coct and labor neguired:
1, Estimated total cost & 1,000,000 RM,

2, Estimated cost to

_exd of war 300,000 R,

3« Average number of
worlonen . ag Skilled 100
b) Unskilled 10

¢) Foreign 400
Total 210

4« Construction labor -
to end of war : 12,000 man days.
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5« Total labor to
end of war

.-

13,000 man daya.

6« Total labor tu com-
pleticn of plant

(¢) _Excavation meguireds
le Area : 100.0'00 8 ft.

;5,000 man days.

2. Volume ¢ S0,000 cu., yis,.
Sources of data:
Mr. E. Geilenberg,
Files of Frof. Krauch, Comuissioner General for
Prodlems of the Chemical Industry.
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Iag'ﬁﬂ
(Tetraethyl Lead Flant)

(a) General Data:

l. Location : Brixlegg, Austrian Tyrol.

2, Construction type + In natural cave, about large enough to
acoammmodate a cammercial plant of cone
ventional design and constructicn.

3« Company in charge ¢ Baryt, Gan.b,H, a joint subsidiary of

I.,G. Farben and lauranil of Inasbruck,

i« Estimated date of

| completion t 1 March, 1945.

|

; 5« Oonstructed by ¢ Organization Todt.

. 6, Excavation required i Area: 107,000 sq. f't.j

Volume: 29,000 cu, yis.

This in¢luded squaring off the some-
. . what egg-shaped cave, and boring two
tunnels, ‘

7« Capacity ¢ 200 tons/month tetmethyl lead

The RA3E (tetraethyl lead plant) is the only cne reyorted which was
to Ye constructed in a natural cave, This was a particularly judiciocus
choice, as this provided readily the high vertical clearance (120 feet)
preferred for this tyre of operaticn,

The plan was ccnsidered entirely impractical by the manager of the
Frose tetraethyl lead plent, The construction work never kept up with
schedule, and at the time of surrender, two monihs after the originally
planned comgpletion date, the equimment was only beginning to reach the
site, and none of it had been erected.
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Tank Industey Report
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Submarine Branch

Germun Submarine Industry Reporl

Maschinenfabrik Augsburg-Nurnberg A G, Augs-
burg, Germany

Blohm and Voss Shépyarda, Hamburg, Germany

Deutschewerke A. G, Kiel, Germany

Doutsche Schiff und Maschinenbau, Bremen, Ger-

man,
Friedri{h Krupp Germaniawerft, Kiel, Gormany
Howsddtawerke A. G, Hamburg, Germany
Submarine Asssmnbly Sheltor, Farge, Germany
Bremer Yulkan, Vegesaek, Germany

Ordnance Branch

Ordoance Industiry Report

l-‘riglrich }(mppmep-gnwerke A. G Magdeburg
ermany

Bochnmer’ Verein fuer Guestahlfabrikation A G,
Bochum, German

Henachel & Sohn, Kassel, Germany

Rheinmetall-Borsig, Dusseldorf, Germany

}le(n:mnnu Goering Werke, Braunschwelg, Hallendorf,
Armany

Hannovensche Maschinenbau, Hanover, Germany

Gusstahlfabrik Friedrich Krupp, Esson, Germany

OIL DIVISION

Oll Diviston: Final Hoport, Append
ivision, Fina rt, Appendix

Powder, Eleo:ivu. pecial pl%ockcta and Jet Pro-

llants, War Gases and Smoke Acid (Ministerisl

port #1)
Underground and Dispersal Plants in Greater Ger-

many
Tr;es German Oil Industry, Ministerial Report Team
Ministerial Report on Chemicals

Qil Branch

Ammoninkwerke Memeburg G m b H, Leuns, Ger-
many—2 Appendices

Braunkohle Benzin A G, Zeitz and Bohlen, Germuany
Wintershall A G, Leutzkendorf, Gormany

I.udwlwshnfen-()ﬂuu Works of T G Farbenindustrie
A G, Ludwigshafen, Germany

Rukroel Iydrogenstion Plant, Bottrop-Boy, Ger-
many, Vol, I, Val, II

Rbenavin Ossag Mineraloelwerke A G, Harburg
Refinery, Hamburg, Germany

Rhenania Ossag Mineraloelwerke A G, Grasbrook
Refinery, Hamburg, Germany

Rhenania Ossag Mineraloolwerke A G, Wilhelmaburg
Refinery, Humburg, Germany

Gclw;rléfc]ulllt Victor, Castrop-Hauxel, Germany, Vol.

ol,

Europacische Tanklager und Transport A G, Ham-
burg, Gorman{

Ebano Asphalt Werke A G, Harburg Refinery, Ham-
burg, Germany

M:r‘l}g‘cklll!holnpmumn Synthetic Oil Plant—Vaoi. I

Rubber Branch

Deutsche Dunlop Gummi Co., Hanne on Main,
ermany x

Continental Gummiworke, Hanover, Germany

Huels Synthetic Rubber Plaut

Ministerial Report on German Rubber lndustry
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132

133
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Propellants Branch

Eloktrochemischewerke, Munich, German

Schoenebe?k Explosive Plant, hi.ignonc gpm:ptoﬂ‘
Werke G m b H, Bad Salzetnen, Germany

Plants of Dynamit A G, Vormal, Alfred Nobel & Co,
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¥ king Plants, Montigny & Li Bc%ium

ort, 5t. Blaise Verdun Group, ?;Iet:, ranes

ome et Rhone, Limoges, France

Miehelin Tire Factory, Clermont-Fermnd, France
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Louis Breguet Aireraft Plant, 'i‘oulmuc, France 3
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muany
A T G Maschinenbau G m b H, Mockau, Germany
Erln Maschinenwerke G m b H, Mockau, Germany
Bayeri=che Motorenwerke, Durrerhiof, Germany
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German Electric Utilitles Industey rt =
1 to 10 in Vol I “Utilities Division Flans Reports”
11 to 20 in Vol IT “Utilities Division Plant Reports’
21 Rheinisehe-Westfalische Ylektrizitactswerk A G

Pacific War
OFFICE OF THE CHAIRMAN

Summar cht;rb (Pﬁci(!l'wT'lGS'ar
's Struggle to Bo w War
’Jl‘l;n':-.mE’ﬂectusgt Atomic Bombs on leqnhima and

Nagnzaki
CIVILIAN STUDIES
Civilian Defense Division

Ficld Report Covering Air Raid Protection and Allied

Subjects, Tokyo, Japan ;
Field Report Cozerlng ‘Air Raid Protection and Allied

Subjects, Nagnsaki, Japan
“d\‘x‘ ocpon Covcxh:g Al?Raid Protection and Allied

Subjects, Kyoto, Ja
)‘ifl:’l chmn Covuing’:i':- Raid Protection and Allied

Subjects, Kobe, Japan
Fiell:i teport Cc:werin:;m Air Raid Protection and Allied

Subjeots, O=aka, Japan
Fidl(‘i port Oovo;ingp:ur Raid Protection and Allied

Subjects, Hiroshir Ja —=No. 1
Suulxlm]a‘:'uy kqport Co“:érlnga.‘\lir Rald Protection and

Allied Subjects in Ja
Fina.\l n‘e‘ rltm()overlnguf\ir Raid Protection and

Allied Subjects in Japan
Medical Division
Tlhe Efects of Bombing on Health and Medical Serv-
ices in Japan
The Effects of Atomic Bombs on Health and Medical
Serviees in Hiroshima and Nagasaki
Morale Division

The Effects of Strategic Bombing on Japancse Morale




15
6

17

*18

*19

*21

22

23

*24

*25

*26

27

*29

*30

*31

32

ECONOMIC STUDIES
Alreraft Division

The Jsﬁuwc Aireraft Indun
Mitzublghi Heavy Industries, Ltd.
Corporation Report No. I

(Mitsubishi Juko, KK)

(Airframes & Engines)
Nukajims Alreraft Comg:'my 144,

orparation Report No, 11

(Nakajima Hikoki KK)

(Airframes & Engines)
Kawanishi Afreraft Compan

ation Repart No. 111

Kawanishi Kokuki Kabushiki Kaisha)

Alrframes)
Kawasaki Aireraft Industries Company, Inc.

Corparation Report No, IV
{(Kawasaki Kokuki Kogyo Kabushiki

)
(Airframes & Engines)
Aichi Aireraft Company
Carporation Report No. V
(Aichi Kokuki KK)
(Alrframes & Engines)
Sumitomo Metal Industries, Propelier Division
Corporation Report No. VI
(Sumitomo Kinzoku Kogyo KK, Puropera
(PSelz(;?ho;
mpe ers
Hitachi Aireraft Company
Corporation chorl No. VII
(Hitachi Kokuki KK)
(Airframes & Engines)
Japan International Air Industries, Ltd,
Corparation Report No. VIII
g.\"p 1 Kokusai Koku Kogyo KK)
Airframes)
Japan Musical Instrument Manufscturing Company
Corparalion Report No. I1X
Nippon Gakki Seizo KK}
opellers)
Tuh(i:'hwt Airera th. Com {
orporation Report No.
Tachikaws Hikoki KK)
Fuji Ai IAM(‘ o
uji Airplane Company
Corporotion Report No. X1
Fuji Hikoki KK)
Airframes)
Showa Alrplane Company
Corporation Report No. X11
Eshowa Hikoki Kogyo KK)
Alrframes)
Ishikawajima Afreraft Industries Company, Led,
Corporation Report No. X117
(Ishikawajima Koku Kogyo KXabushiki
Kanishy) :
(Engines)
Nippon Airplane Company
Corporation Rﬁmf No. X1V
{Nippon Hikoki KK)
(Airfmmzs)
Kyushu Airplane Company
Corporation Report No. XV
?{yuahu ikoki KK)
Airframes)
Shods Engineering Company
Corporation Report No. XVI
(Shoda Seksakujo)
(Components)
Mitakna Afrerafe Industries
Corporation Reporl No. X VI
(Mitaka Koku Kogyvo Kubushiki Kaisha)
(Components)

*33 Nhacxl Automobile Comﬁ.n¥(V1H
rparation Report No.
p&isa_an Jidosha KK)

(Engines)
*34 Army Air Arsenal & Navy Air Depots
Carporotion Report No. X1X
(Airframes and Engines) )
*35 Underground Production of Japanese Aircraft
Report No, XX

Basic Materials Division
*36  Conl and Metals in Japan's War Economy
Capital Goods, Equipment and Construction Division

*37 The Japaness Construction Industry
*38 Japanese Eleotrical Equipment
*30 The Japanese Machine lﬁxilding Industry

Electrie Power Division

*40 The Electric Power Industry of Ja
*41 The l-.‘.l)cctric Power lndi:t::y of Japan {Plant Re.
ports

Manpower, Foed and Civilian Supplies Division

*42  The Japanese Wartime Standard of Living and Usili-
zation of Manpower

Military Supplies Division

*43  Japanese Waor Production Industries
*44  Jupancse Naval Ordnance

45 Japanese Army Ordnance

*46 Japanese Naval Shipbuilding

*47 Japanese Motor Vehicle Industry
*48 Japanese Merchant Shipbuilding

Ol and Chemical Division

40  Chemicals in Japan's War

&0 Chemicals in Japan's War—Appendix
51 Oil in Japan’s War

52 Oil in Japan's War—Appendix

Over-all Economie Effects Division

The Effects of Steategic Bombing on Japan’s War
Economy aneludm”f.«p ndix 4: U. 8. Economic
Intelligenes on Japan—Analysis and Compnrison;
A dix B: Gross National Produet on J‘é"“
gg lt; Components; Appendix C: Statistical
Sources).

*53

Transpertation Division

*54 T'hlem}’\'u Agalnst Japanese Transportation, 1941~

Urban Areas Division
*65  Effects of Afr Attack on Japanese Urban Economy

Summary Report)
56 Ef}ocu of Alr mk on Urban Complex Tokyo-
Kawasaki-Yokohama
Effects of Air Attack on the City of Nagoys
fs Hicor A e o ke Kebedmi,
iffec ir Attack on the City of
B0 Effects of Air Attack on {be City of Hiroshims



3 2 2B 2

32 % S

71

72
73
*74
75

76

77

ER2BREE

MILITARY STUDIES
Military Analysis Division
Air Forees Allied with the United States in the War
Against Japan
Japanese Air Power
Japanese Air Weapons and Tactics
Tblo‘oBl!:ioe of Air Action on Jspanese Ground Army
o8
En&l;:ﬁ;mt of Forees Under the Southwest Pacific
mmand

The Strategic Air Operati {f Very H Bom-
bardment in the \ Agsioat, Japan {Tweatiet

‘ar Against Japan (Twentieth

-Air Foree)
Aul.l Operations in Chins, Burma, India—World War
Tl}e Mg Transport Command in the War Against

n
The Thirteentl Air Force in the War Against Ja
The Seventh and Eleventh Air Foroes?rt the War

inst Japan
Th:%ﬂth Alr Force in the War Agninst Japan

Naval Analysis Division
Thlol)lnwnognﬁona of Japsnese Officisls (Vols, I and

Cam of the Pacific W'
The uetion of Wa.kocld:n:d
The ﬁed C.m&'ngn Against Rabaul
Mille, ﬂ?guuu Wlﬂ TN i i i
0
The Reduetion of Truk =~

The Offensive Mine La i i
> ying Cam Against Japan
Report of Ships Bombardment, m} Arty--}‘gm-

33"" Introduction, Conclusions, and General
Report of ShE: -
rpthlls qutinArdnxzent Survey Party (En
Repart of Ships Bombardment Survey Party (En-

clo:uo‘B 2 Amamatsy
O Bo A
oKk o c&i‘ iu.cbtlnb"dmm Survey Party (En
rt of Ships Bombardment Survey Party (En-

ey e i

e i, i Sartey Fary (R
rt of Bombardment Survey Party (En-

ure mizu Area

Report of i:ipa Bombardment Survey Party {En-

&um G and H), Shionomi-Saki and Nojima-

a7

&8 & RER = B

a7

a9
100
101
102
103
104
105
106
*107
108

Report of Bombardment Burvey ty (En-
D, ts and Data on Effectivencas

of Ammunition
Report of Ships Bombardment Survey Party (En-
%‘ﬁn‘m 9, ts and Data on Acourscy of
Reports of Ships Bombardment Survoy Party (En-
closure K E:recu of Surface Bom ents on

Japaness War Potantial

Physical Damage Division

Effect of the Incendiary Bomb Attacks on Japan (a

Re ﬁn on Eight Cities%

The Effects of the Ten Thousand Pound Bomb on
Japaness Targets (a Report on Nine Ineidents)

Effects of the Atomic Bomb on Hiroshima, Japan

Effects of the Atomic Bomb on N ki, Japan

¥ffeots of the Four Thousand Pound Bomb on Japs-
nese anfem % Report on Five Incidents) ?

Effects of Two Thousand, One Thousand, and Five
Hundred Pound Bombs on Japaness Targets (a
Report on E.iﬁhh Incidents)

A I1‘?>(!pm't>on Physical Damage in Japao (Summary

eport

G-2 Division

Japanese Military and Naval Intelligonce
Evaluation of Photographic Intelligence in the Japa~
nese Homoland, Fart L o 1 tho Japa-
Evaluation of Photographic Intelligence
nose Homelalx,td. Part I;i Als‘rafltlize SR
Evaluation of Photogrmphic Intelligence .
Yoese Homaland, Part 111, Comptia Bomb Plting
Evalustion of Photographic Intelligence /
n‘m Homeland, P?r: 1V, Urban Area Analysis
Evaluation of Photographic Intalligence in the Japa-
nese Homeland, Part V, Camouficge
Evaluation of Photographic Intelligeace in the Japa-
ness Homeland, Part VI, Skipping
Evaluation of Photographic Inteliigencs in the Japa-
ness Homeland, Part V;lil,lm':fl;onia NG
Evaluation of Photographic In noe i
e T 2 o e
Evaluation of Photograp n -
e and, Pare IX, Artsllery

nese Homel,
s hic Intelligence in the Japsa-
Evaluation of Photogra i "l Raslroads

nese Homeland, ’
< aphic Intelligence in the Japa-
L‘nale”ua%oonmof i’b‘:tomy pXI, Industrial Analysia




[ —
| —
_—







