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D.4.4 Uranium-235 Enrichment via Photochemical Processes

[Beginning in the early 1930s, Stanis law Mrozowski (Polish, 1902–1999), K. Zuber (Swiss, 19??–
19??), Werner Kuhn (Swiss, 1899–1963), Hans Martin (German, 19??–19??), and K. H. Eldau
(German, 19??–19??) developed photochemical methods of isotope separation and demonstrated
them with isotopes of elements such as mercury and chlorine. During the war, Kuhn, Martin,
Eldau, Paul Harteck, and others seriously investigated the feasibility of applying such photochemical
methods to uranium isotope separation. Publicly available documentation does not indicate how
far that research progressed during the war, but given the available light sources, the photochemical
enrichment of uranium seems unlikely to have ever gone beyond small-scale laboratory experiments.

Separately from the work on photochemical enrichment, or perhaps even motivated by it, other
German-speaking scientists during the same time period worked toward the development of lasers
as an improved monochromatic light source (Section C.3). After the war, the combination of the
German-derived innovations in photochemical enrichment and laser technology made laser isotope
enrichment a reality (p. 4143).]

Stanis law Mrozowski. 1930. Bulletin of the Academy of Poland 1:464.

Stanis law Mrozowski. 1932. Stoßerscheinungen bei optischer Anregung verschiedener
Quecksilberisotopen. Zeitschrift für Physik 78:826–843. doi.org/10.1007/BF01342044

Die Konstruktion einer neuen, sehr lichtstarken
Anordnung hat es ermöglicht, die Hyperfein-
struktur der mit gefilterter Strahlung angeregten
Resonanzstrahlung des Quecksilberdampfes unter
verschiedenen Bedingungen zu erforschen und
den früher entdeckten Verschiebungse↵ekt einer
der Komponenten mit einer wesentlich höheren
Genauigkeit festzustellen. Der Einfluß der nich-
tauslöschenden Zusatzgase äußert sich durch se-
lektive Stoßüberführungen zwischen verschiede-
nen Hyperfeinstrukturkomponenten; dagegen wird
bei Vergrößerung der Dampfdichte des Quecksil-
bers gleiche Überführungswahrscheinlichkeit für
alle Komponenten beobachtet. Es wurde auch
unter denselben Bedingungen ein Füchtbauere↵ekt
erhalten, der bei Zusatz von Sticksto↵ die Hyper-
feinstruktur des sichtbaren Tripletts zu studieren
erlaubte. Es zeigt sich, daß die Hyperfeinstruktur
von der Zusammensetzung der anregenden Res-
onanzlinie unabhängig ist, was in dem Einfluß
der Stöße der metastabilen Atome mit Queck-
silberatomen verschiedener Isotopenarten eine
Erklärung findet.

The construction of a new, very high-
intensity device has made it possible to ex-
plore the hyperfine structure of the resonance
radiation of mercury vapor excited with fil-
tered radiation under various conditions and
to detect the previously discovered shift ef-
fect of one of the components with a much
higher accuracy. The influence of the non-
quenching additional gases is manifested by
selective impact transfers between di↵erent
hyperfine structure components; on the other
hand, when the vapor density of mercury is
increased, equal transfer probability is ob-
served for all components. A fugacity e↵ect
was also obtained under the same conditions,
which allowed to study the hyperfine struc-
ture of the visible triplet when nitrogen was
added. It is shown that the hyperfine struc-
ture is independent of the composition of the
exciting resonance line, which finds an expla-
nation in the influence of the collisions of the
metastable atoms with mercury atoms of dif-
ferent isotopic species.
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K. Zuber. 1935. Die Linienabsorption des Quecksilberdampfes für einzelne Hyperfein-
struktur-Komponenten der Linie 2537 Å.E. Helvetica Physica Acta 8:4:370–380.
http://dx.doi.org/10.5169/seals-110535

Messungen der Linienabsorption einzelner
Hyperfeinstruktur-Komponenten führen zu
Ergebnissen, welche mit dem Feinstrukturschema
von Schüler und Keyston unter Berücksichtigung
der von Inglis angegebenen Korrektur in Ein-
klang stehen, falls man die mittlere Lebensdauer
des 2 3P1-Niveaus im Gegensatz zu Mrozowski
für alle Isotope gleich gross annimmt. Aus der
Absorption für einzelne Komponenten lässt
sich der Absorptionskoe�zient k�o der ganzen
Linie berechnen. Dieser Wert steht in guter
Übereinstimmung mit den Messungen von Kunze
und Ladenburg-Wolfsohn.

Measurements of the line absorption of indi-
vidual hyperfine structure components lead
to results which are in agreement with
the fine structure scheme of Schüler and
Keyston, taking into account the correction
given by Inglis, if one assumes the mean life-
time of the 2 3P1 level to be the same for
all isotopes, in contrast to Mrozowski. From
the absorption for individual components,
the absorption coe�cient k�o of the whole
line can be calculated. This value is in good
agreement with the measurements of Kunze
and Ladenburg-Wolfsohn.

K. Zuber. 1935. Separation of the Mercury Isotopes by a Photochemical Method.
Nature 136:796. https://doi.org/10.1038/136796a0

When a mixture of mercury vapour and oxygen is irradiated with the mercury resonance line � 2537,
the mercury becomes oxidised. Since excitation is a necessary stage in the oxidation, Mrozowski
has suggested that it should be possible to produce a separation of the mercury isotopes by exciting
them selectively. If the reaction consists of the primary photochemical process

Hg+ + O2 ! HgO + O

only the atomic species which are excited by the incident light should be oxidised.

In my experiments the light from a mercury arc was passed through a Mrozowski filter consisting
of a column of mercury vapour in a magnetic field. This transmitted only the hyperfine structure
components of the resonance line corresponding to the isotopes 200, 202. After an irradiation of
between 10 and 30 minutes, the isotopic composition of the remaining mercury or of that recovered
from the oxide was examined by the method of absorption of single hyperfine structure components.
The results of the experiments show:

(1) The separation is in every case only partial, so that besides the primary process, secondary
reactions must take place.

(2) An addition of nitrogen assists the separation (pO2 : pN2 ⇠ 1 : 1, pO2 ⇠ 1 mm. Hg).

(3) It has been possible to obtain samples in which the ratio p200, 202

p198, 199, 201, 204
was modified by a factor

of four.

More detailed information will be published in the Helv. Phys. Acta.
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K. Zuber. 1936. Trennung der Quecksilber-Isotope nach einer photochemischen Meth-
ode. Helvetica Physica Acta 9:285–300. http://dx.doi.org/10.5169/seals-110628

Bestrahlt man ein Gemisch von Hg-Dampf und
Sauersto↵ mit der Resonanzlinie 2537 Å. E., so
tritt Oxydation des Quecksilbers ein. Da sich das
Oxyd nur nach vorheriger Anregung der Quecksil-
beratome bildet, schlägt Mrozowski vor, einzelne
Isotopensorten anzuregen. Besteht die Reaktion
allein aus dem photochemischen Primärprozess
Hg⇤ + O2 = HgO + O, so sollten sich im Oxyd
nur die vorher angeregten Isotopen wiederfinden.
Es ergibt sich: 1. Das Gemisch Hg und O2 ist für
eine Trennung nicht geeignet. Notwendig ist ein
Zusatz von Sticksto↵. 2. Die Trennung ist immer
nur teilweise, wofür sekundäre Reaktionen als Ur-
sache angesehen werden. 3. Durch Wiederholen
des Versuches lässt sich die Trennung verbessern.
Es konnten Proben hergestellt werden, bei denen
das Verhältnis der einzelnen Isotope um den Fak-
tor vier verschieden war.

If a mixture of Hg vapor and oxygen is irradi-
ated with the resonance line 2537 Å. E., oxi-
dation of the mercury occurs. Since the oxide
forms only after prior excitation of the mer-
cury atoms, Mrozowski proposes to excite in-
dividual isotope species. If the reaction con-
sists solely of the primary photochemical pro-
cess Hg+ + O2 = HgO + O, only the previ-
ously excited isotopes should be found in the
oxide. It results: 1. The mixture Hg and O2

is not suitable for separation. An addition of
nitrogen is necessary. 2. separation is always
partial, for which secondary reactions are con-
sidered to be the cause. 3. separation can be
improved by repeating the experiment. Sam-
ples could be produced in which the ratio of
the individual isotopes was di↵erent by a fac-
tor of four.

Werner Kuhn and Hans Martin. 1932. Photochemische Trennung von Isotopen. Natur-
wissenschaften 20:772. https://doi.org/10.1007/BF01494810
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Werner Kuhn and Hans Martin. 1933. Photochemische Trennung von Isotopen. Zeit-
schrift für Physikalische Chemie B 21:93. https://doi.org/10.1515/zpch-1933-2111

Es werden die Grundlagen und Voraussetzun-
gen einer photochemischen Tren-nung von Iso-
topen in optischer, photochemischer und chemis-
cher Hinsicht auseinandergesetzt und insbeson-
dere im Falle des Phosgens genau disku-
tiert. Im Anschluss daran wird eine Versuch-
sanordnung beschrieben, mit welcher äusserst
monochromatisches Licht in guter Ausbeute er-
halten wird und für die präparative Darstel-
lung benutzt werden kann. Chlor, welches in
dieser Weise aus Phosgen freigemacht wurde,
zeigte gegenüber gewöhnlichem Chlor eine Atom-
gewichtsverschiebung von 0.025 Einheiten. Es
wird dadurch die Interpretation von Ban-
denvervielfachungen im Phosgenabsorptionsspek-
trum als Isotopiee↵ekt bestätigt, und es können
weitere Schlüsse gezogen werden, namentlich mit
Bezug auf die Zerfallswahrscheinlichkeiten in den
den Prädissoziationsgebieten benachbarten Bere-
ichen diskontinuierlicher Absorption.

The fundamentals and prerequisites of pho-
tochemical separation of isotopes in opti-
cal, photochemical, and chemical terms are
discussed in detail, particularly in the case
of phosgene. Subsequently, an experimen-
tal setup is described with which extremely
monochromatic light is obtained in good yield
and can be used for preparative imaging.
Chlorine liberated from phosgene in this man-
ner showed an atomic weight shift of 0.025
units compared to ordinary chlorine. This
confirms the interpretation of band multipli-
cations in the phosgene absorption spectrum
as an isotopic e↵ect, and further conclusions
can be drawn, namely with respect to the de-
cay probabilities in the regions of discontinu-
ous absorption adjacent to the predissociation
regions.
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Werner Kuhn, Hans Martin, and K. H. Eldau. 1941. Anreicherung der Chlorisotopen
durch Bestrahlung von Chlordioxyd bei niedrigem Druck. Zeitschrift für Physikalische
Chemie B 50:213–254. https://doi.org/10.1515/zpch-1941-5014

Anschließend an eine Diskussion der Sto↵eigen-
schaften, welche die photochemische Trennung
von Isotopen einerseits ermöglichen, anderer-
seits herabmindern, wird gesagt, daß Chlor-
dioxyd (ClO2) eine Substanz sein dürfte, mit
der bei Benutzung einer geeigneten Lichtquelle
gute Ergebnisse erwartet werden können. Es
wird darauf eine Apparatur beschrieben, mit-
tels deren sehr reines Chlordioxyd dargestellt
und unter einem Drucke von etwa 0.2 mm Hg
mit praktisch reinem Lichte der Quecksilberlin-
ien 3650.15, 3654.83 und 3663.27 Å bei Vermei-
dung von Reaktionsketten bestrahlt werden kann
und welche gestattet, das dabei freigesetzte Chlor
von unverändertem Chlordioxyd zu trennen. In
den mit der Apparatur ausgeführten Versuchen
wird einerseits festgestellt, daß die Quantenaus-
beute unter den gewählten Versuchsbedingungen
tatsächlich ungefähr gleich 1 ist und daß als Zer-
setzungsprodukte praktisch ausschließlich Chlor
und Sauersto↵ gebildet werden. Andererseits wird
in dem photochemisch freigesetzten Chlor eine
Vermindeiung des Atomgewichts um 0.016 Ein-
heiten gegenüber gewöhnlichem Chlor festgestellt.
Das geringe Ausmaß der erzielten Trennung wird
darauf zurückgeführt, daß von den drei genan-
nten Quecksilberlinien nur die dritte mit einer
Absorptionsbande von ClO2 genau zusammenfällt
und daß die anderen Linien, welche sich weniger
eignen, im Gegensatz zu vorhandenen Literatu-
rangaben eine Intensität besitzen, welche die der
“geeigneten” Linie zusammen etwa um einen Fak-
tor 4 übertri↵t.

Following a discussion of the properties of
the substance which on the one hand make
possible the photochemical separation of iso-
topes and on the other hand reduce it, it is
said that chlorine dioxide (ClO2) is a sub-
stance with which good results can be ex-
pected when a suitable light source is used.
An apparatus is described by means of which
very pure chlorine dioxide can be prepared
and irradiated under a pressure of about 0.2
mm Hg with practically pure light of the mer-
cury lines 3650.15, 3654.83, and 3663.27 Å,
while avoiding reaction chains, and which per-
mits the chlorine thus released to be separated
from unchanged chlorine dioxide. In the ex-
periments carried out with the apparatus, it
is found, on the one hand, that the quantum
yield under the selected experimental condi-
tions is indeed approximately equal to 1 and
that practically only chlorine and oxygen are
formed as decomposition products. On the
other hand, a reduction in atomic weight of
0.016 units is found in the photochemically
liberated chlorine as compared with ordinary
chlorine. The small extent of the separation
obtained is attributed to the fact that, of the
three mercury lines mentioned, only the third
coincides exactly with an absorption band of
ClO2 and that the other lines, which are less
suitable, have, contrary to existing literature
data, an intensity which exceeds that of the
“suitable” line together by a factor of about
4.
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G-156. Paul Harteck. The Separation of Isotopes with Special Reference to the Iso-
topes of Uranium. Die Trennung von Isotopen unter besonderer Berücksichtigung der
Isotopen des Urans. 1942. pp. 10–11, 18.

10.) Das von einem Molekül angewendete
Bandenspektrum (bezw. sein Absorbtionsspek-
trum) ist von der isotopischen Zusammenset-
zung abhängig, da jede Linie im Bandenspek-
trum durch eine quantenhafte Energieänderung
seiner Elektronenenergie, der Schwingungs- und
der Rotationsenergie des Moleküls entsteht.
Setzt man die reduzierte Masse des Moleküls
m1m2
m1+m2

(wo m1 und m2 die Massen der
Molekülpartner bedeuten) gleich µ, so ist bei
einer Massenänderung von m1, in m

0
1, d.h.

von µ in µ
0 die Aenderung der Elektronenen-

ergie in fast allen Fällen zu vernachlässigen;
die Aenderung der Schwingungsenergie dagegen
bedingt in erster Näherung eine Frequenzver-
schiebung um den Betrag

10.) The band spectrum applied by a molecule
(i.e. its absorption spectrum) depends on the
isotopic composition, since each line in the band
spectrum is formed by a quantum energy change
of its electron energy, the vibrational energy and
the rotational energy of the molecule. If one sets
the reduced mass of the molecule m1m2

m1+m2
(where

m1 and m2 mean the masses of the molecular
partners) to µ, then with a mass change of m1,
in m

0
1, i.e. of µ in µ

0 to neglect the change of the
electron energy in almost all cases; the change of
the oscillation energy, on the other hand, causes
in a first approximation a frequency shift of the
magnitude

11. �⌫s =
✓r

µ

µ0 � 1
◆
⌫s

(⌫s = Frequenz der ursprünglichen Linie);

die Aenderung der Rotationsenergie bewirkt
näherungsweise eine Frequenzverschiebung um

(⌫s = frequency of the original line);

the change of the rotational energy ap-
proximately causes a frequency shift by

12. �⌫rot =
✓
µ

µ0 � 1
◆
⌫rot

doch ist dieser E↵ekt sehr viel kleiner als der
Schwingungsanteil, da ⌫s sehr viel grösser als
⌫rot ist.

but this e↵ect is much smaller than the vibra-
tion component, because ⌫s is much larger than
⌫rot.
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Zahlreiche photochemische Reaktionen werden
durch optische Anregung eines der an ihnen
beteiligten Moleküle ausgelöst. Verwendet man
zur Anregung eine Linie, die nur von einem der
isotopisch verschiedenen Moleküle absorbiert
wird, so kann eine Trennung der Isotopen er-
reicht werden, wenn es gelingt, eine Abreak-
tion des abgespaltenen Atoms zu verhindern.
W. Kuhn und H. Martin16) gelang nach dieser
Methode eine Anreicherung des Chlorisotops
35Cl unter Verwendung der photochemischen
Dissoziation des Phosgens COCl2, K. Zuber17)

eine Anreicherung der Quecksilberisotope nach
der photochemischen Reaktion (Hg + h⌫) + O2

= HgO + O.

Numerous photochemical reactions are trig-
gered by optical excitation of one of the
molecules involved. If a line is used for exci-
tation which is only absorbed by one of the
isotopically di↵erent molecules, a separation of
the isotopes can be achieved if it is possible
to prevent an abreaction of the split atom. W.
Kuhn and H. Martin16) succeeded in enriching
the chlorine isotope 35Cl with this method us-
ing the photochemical dissociation of phosgene
COCl2, K. Zuber17) enriched the mercury iso-
topes using the photochemical reaction (Hg +
h⌫) + O2 = HgO + O.

16) W. Kuhn u. H. Martin, Z. phys. Chem. (B) 21, 93 (1933)

17) K. Zuber, Helvet. phys. Acta 9, 285 (1936)

[From 1930 onward, papers such as those above demonstrated that a finely tuned metal plasma
lamp could emit intense light of just the right wavelength to separate isotopes of that same type
of metal, such as a mercury plasma lamp to separate mercury isotopes. In principle, a uranium
plasma lamp could similarly be used to separate uranium isotopes, and it appears that there was
significant wartime research in Germany to investigate that possibility. See the brief discussion in
the Farm Hall transcripts about a photochemical process to enrich uranium (p. 3088).

In practice, a uranium plasma lamp probably would have consumed too much electrical power and
produced too little light at just the right wavelength to be suitable for industrial-scale uranium
isotope separation. Thus if there was any large-scale uranium isotope separation in the wartime
German nuclear program, it probably relied on one or more of the methods covered in previous
sections: centrifugation, electromagnetic separation, isotope sluice, and gaseous di↵usion.

Nonetheless, this 1930s–1940s research in the German-speaking world on photochemical methods
of isotope separation, together with research toward the development of lasers that was being con-
ducted at the same time in the German-speaking world (Section C.3), was transferred to other
countries during and after the war, and ultimately led to successful laser isotope separation pro-
grams decades later (p. 4143). For more information on the history, see:

V. S. Letokhov and C. B. Moore. 1976. Laser Isotope Separation (Review). Soviet Journal of
Quantum Electronics 6:2:129–150. https://doi.org/10.1070/QE1976v006n02ABEH010865

V. S. Letokhov. 1979. Laser Isotope Separation. Nature 277:605–610. doi.org/10.1038/277605a0]
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D.4.5 Possible Locations of Uranium Enrichment Facilities

[In order to enrich enough uranium to a high enough concentration of uranium-235 for a bomb,
it would have been necessary to have not just one enrichment unit (a centrifuge, electromagnetic
separator, isotope sluice, or gaseous di↵usion cell), but a large number of them operating in parallel
and/or in series. Presumably after a prototype enrichment unit had been developed and proven
to be satisfactory in small-scale laboratory experiments, the unit would have been mass-produced.
The mass-produced units would have been set up in a new location with more room and better
security.

The United States conducted its corresponding work at one massive facility in Oak Ridge, Ten-
nessee. Proponents of the conventional view that Germany did not have a nuclear weapons program
emphasize the apparent absence of an Oak-Ridge-like facility in wartime Germany. However, there
are many counterarguments that must be considered:

• Oak Ridge enriched enough uranium for a gun-type bomb (Little Boy) that did not compress
the uranium, was thus highly ine�cient, and required ⇠64 kg of ⇠80% uranium-235. In
contrast, as shown in Section D.8, the German atomic bomb was apparently a spherical
implosion design (like the U.S. Gadget/Fat Man), which would have been much more e�cient
and would have required far less uranium ( 10 kg). Therefore the German bomb program
would have needed a far smaller production capacity than Oak Ridge.

• To minimize the risk that Allied bombing could destroy the whole program, German uranium
enrichment would have been distributed among many di↵erent small sites, not concentrated
in one large target.

• Any uranium enrichment conducted in the final years of the war would probably have been
underground, like most other major German manufacturing. Being underground would have
made it much easier for Germans to hide the enrichment facilities from Allied aerial surveil-
lance during the war, and from Allied ground troops at the end of the war (by blowing up
the entrances to the underground facilities).

• As shown in this section, primary source documents mentioned many di↵erent installations
whose puzzling characteristics suggested that they might have been uranium enrichment facil-
ities. Most of these documents ended up in the foreign intelligence files of the U.S. Manhattan
Project, which means that Manhattan Project o�cials also thought these locations sounded
like potential uranium enrichment facilities.

• Most of these potential uranium enrichment facilities were in areas of the Third Reich that
ended up being occupied and stripped bare by Soviet forces, without western Allies ever
having had the chance to study them.

• Even if some or all of the specific facilities mentioned in these documents were not doing
nuclear-related work, they serve as excellent examples of how widespread, how sophisticated,
and how secret German wartime industrial and weapons programs were, and how little we
know about them to this day. Under these circumstances, it is di�cult to rule out the pos-
sibility of nuclear-weapons-related production plants operating somewhere within the Third
Reich, even if we cannot rule them in by pointing to their exact locations right now.
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Figure D.111: Sites of possible enrichment facilities for the German nuclear program.
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Some locations that may have been involved in uranium enrichment or other nuclear-
related work include (see maps on pp. 3277 and 2031–2042):

Sites now in Germany:

• Berlin-Lichterfelde, underground facility (p. 3430).

• Berlin vicinity, other locations (p. 3233) [Hayes 2004; Nagel 2016].

• Braunschweig, Buchler (p. 4027).

• Dresden (pp. 3667, 3811).

• Erzgebirge, SS facility (p. 3336).

• Espelkamp [Preuss and Eitelberg 2003].

• Frankfurt Degussa [Hayes 2004; Nagel 2016].

• Freiburg-im-Breisgau area (pp. 3164–3173, 3331).

• Hamburg/Kiel area, several locations (pp. 3151–3165).

• Hohenzollern castle (p. 3331).

• Johanngeorgenstadt and Schneeberg area, Saxony (pp. 3134–3135, 3142–3143, 3336, 3993)
[Zeman and Karlsch 2008].

• Kaufering/Landsberg (p. 3299).

• Koralle, north of Berlin (p. 3301).

• Lehesten (pp. 3300, 3331).

• Leuna/Halle, I.G. Farben facilities (pp. 3495–3501).

• Leverkusen, I.G. Farben facility (pp. 3437–3438).

• Lübeck, Dräger Werke (p. 3509).

• Lüneburger Heide, south of Hamburg (pp. 3566–3573, 3737).

• Mühldorf (p. 3300).

• Munich area universities, research institutes, and industry.

• Nordhausen area (e.g., pp. 4296–4301).

• Oranienburg (pp. 3571, 3573, 4027) [Nagel 2016].

• Peenemünde (p. 3331).

• Piesteritz, near Wittenberg (p. 3764).

• Regensburg vicinity, I.G. Farben facility (p. 3301).

• Rügen island (e.g., pp. 3729–3760).
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• Saalfeld (p. 3300).

• Stassfurt vicinity, Salzbergwerke (p. 3332).

• Sigmaringen (p. 3331).

• Tegernsee (p. 3331).

• Thuringia, numerous underground facilities (pp. 3336–3337, 3757–3759, 3782–3868) [Hayes
2004; Nagel 2016; Zeman and Karlsch 2008].

• Tübingen (p. 3331).

• Unterraderach, near Friedrichshafen (pp. 3426–3427).

• Villingen-Schwenningen am Neckar, W. Maier KG Radiumchemische Industrie und Labora-
torium [Oleynikov 2000].

• Zellendorf (p. 3301).

• Zeuthen-Miersdorf, near Berlin (p. 3233).

• Other possible sites in Germany?

Sites now in Austria:

• Althofen: Treibacher Chemische Werke (e.g., pp. 3133–3135, 4027) [Gollmann 1994].

• Ebensee (e.g., pp. 3285–3296, 4304–4306).

• Linz (e.g., p. 3386).

• Lofer (e.g., p. 4023).

• Melk vicinity or associated sites, underground facilities that were part of the Quarz develop-
ment (e.g., p. 3294) [Schmitzberger 2004].

• Redl Zipf, underground facility (pp. 3285–3296).

• Stadl Paura (pp. 3285–3296).

• Steyr.

• St. Georgen/Gusen/Langenstein vicinity, underground facilities that were part of the Bergkristall/
Gusen/Esche development (e.g., pp. 3385–3425 and 4011–4019).

• Vienna area universities, research institutes, and industry, including Floridsdorf (e.g., p. 3331).

• Weer (e.g., pp. 3513–3516).

• Wiener Neustadt vicinity, underground facility (pp. 3283, 3294).

• Zell-am-See (p. 3941).

• Other possibles sites in Austria?
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Sites now in Poland:

• Baltic coast/Pomerania, many military test ranges (p. 3733).

• Bydgoszcz/Bromberg, underground facility (p. 3767).

• Gdansk/Danzig, uranium enrichment (pp. 3186, 3737, 3825).

• Oświecim/Auschwitz (pp. 3763–3781) large I.G. Farben facility (including heavy water plant),
and nearby Auergesellschaft uranium facility at Katowice/Kattowitz.

• Poznan/Posen (pp. 2416–2429, 3045–3046).

• “Riese” area of Lower Silesia, numerous underground facilities (pp. 3808–3823) and Schmiede-
berg uranium mine (p. 3073).

• Tuchola Forest/Tucheler Heide (p. 3989).

• Wroc law/Breslau (p. 3826)

• Other possibles sites in Poland?

Sites now in the Czech Republic:8

• Brno/Brünn (pp. 3301, 3466).

• Čelakovice/Tschelakowitz cyclotron factory (pp. 3457–3482).

• České Budejovice/Budweis (pp. 3457–3482, 4484–4524).

• Deč́ın/Tetschen area, Podmokly/Bodenbach Krizik Works/Weserwerke underground factory
(pp. 3457–3482, 4484–4524).

• Jáchymov/St. Joachimsthal, uranium mine (pp. 3467, 4027–4029).

• Liberec/Reichenberg and Jablonec/Gablonz area, Bedrichov/Friedrichswald and numerous
other high-tech production facilities (pp. 3457–3482, 4484–4524):

• Litoměřice/Leitmeritz, Richard I, II, and III underground factories (p. 3300).

• Opava/Tropau, I.G. Farben production plant (p. 3283).

• Ostrava/Ostrau and Vitkovice/Witkowitz, I.G. Farben and other industrial production plants
(pp. 3283, 3457–3482, 4484–4524).

• Plzeň/Pilsen (p. 4023).

• Prague/Praha/Prag universities and other laboratories (pp. 3457–3482, 4484–4524).

• Př́ıbram/Przibram/Pibrans (pp. 3302–3305, 3992, 4645).

• Štěchovice/Stechowitz area, Blaumeise underground facilities (pp. 3306–3330).

8See also Czech information on World War II sites that appear to have radioactive contamination:
https://www.sekm.cz and https://kontaminace.cenia.cz
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• Other possible sites in the Czech Republic (pp. 3457–3482, 4484–4524)?

Sites now in Slovakia:

• Dubnica/Dubnitz, Skoda underground facility (p. 3297).

• Other possible sites in Slovakia?

Sites now in Hungary:

• Sopron (pp. 3297–3298).

• Other possible sites in Hungary?

Sites now in Russia:

• Kaliningrad/Königsberg area, East Prussia (p. 3431).

• Other possible sites now in Russia?

Sites now in Denmark:

• Bornholm island (pp. 3332, 3874).

• Other possible sites in Denmark?

Sites now in Belgium:

• Union Minière in Brussels or other locations [Irving 1967, p. 65].

• Other possible sites in Belgium?

Miscellaneous sites:

• Other facilities run by I.G. Farben (the largest German manufacturer of chemicals) [Mader
1965, pp. 193–202].

• Other facilities run by Degussa and/or Auer.

• Facilities run by AEG (one of the two largest German manufacturers of electrical machinery).

• Facilities run by Siemens (the other large German manufacturer of electrical machinery).

• Possible sites in Norway?

• Possible sites in France?

• Possible sites in Netherlands?

• Possible sites in Luxembourg?
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All of these possible nuclear weapons production sites (and any other candidate sites that can
be identified) should be investigated further. Hopefully additional documents could be found that
would elucidate whether these sites conducted nuclear or non-nuclear work. If there is significant
documentary evidence that a site may have done nuclear work, and if there is reason to believe that
that work may have left measurable traces, industrial archaeology should be conducted at that site
to measure isotopes, search for remaining pieces of equipment, or identify other evidence.

As already mentioned, the large number, size, and sophistication of all of these sites, and how little
information scholars currently have about them, should at the very least emphasize (1) how vast
wartime German R&D programs were, (2) how little we still know about some of them, and (3)
how unwise it would be for historians currently to categorically state that there was no nuclear-
weapons-related development and production anywhere in the Third Reich.]
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Cable IN-9026 from MacFarland Istanbul to O�ce of Strategic Services Shepardson. 4
May 1944 [NARA RG 226, Entry A1-134, Box 219, Folder IN AZUSA Nov. ’43 Sept.
’45]

#332. AZUSA. From Javelin to Shepardson and Cecil only.

Istanbul–London (#93)

We have been informed by Azusa-Dahlia that the component of a new explosive is being produced
by the I.G. Farben factory in the vicinity of Tropau (called Opava by the Czechs). This factory has
30,000 employees. In the vicinity of Maehrisch-Ostrau (called Moravska-Ostrava by the Czechs)
there is an identical factory. We evaluate the foregoing as D-3 and on April 29th, sent you Report
D-1479 by pouch. Data supplied by this source regarding the Czech Protectorate is more dependable
than it is for other regions.

[See Fig. D.112 for the original document. These sound like two massive uranium enrichment
facilities, similar to Oak Ridge. Azusa was the OSS codename for German nuclear matters, so
clearly the OSS thought the same. For train logbooks that appear to show repeated shipments
between these factories and other suspected nuclear sites, see pp. 3390–3391.]

English translation of French intelligence report. 10 June 1944. [NARA RG 77, Entry
UD-22A, Box 171, Folder 32.7003-2 GERMANY: US Wartime Positive Int. (July–Oct.
44)]

1. With reference to conversation which Hitler is supposed to have had in a factory in Vienna.
Accordingly there are supposed to have been successful in making tractable the disintegration of
matter—with a possibility of using it as an explosive—they will only make use of it as a desperate
measure (tested during the attack on Kovel?) because when the transformation has begun they do
not know how to stop it.

2. On the road from Vienna Neustadt to Neuburg [Neuberg?]—on the side of a small hill a factory or
an underground laboratory is located surrounded by barbed wire—guarded by SS troops—workmen
are not allowed to enter. [...]
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Figure D.112: This May 1944 OSS intelligence report described what sound like two massive ura-
nium enrichment facilities, each with 30,000 workers, run by I.G. Farben in Opava and Ostrava in
eastern Czech territory [NARA RG 226, Entry A1-134, Box 219, Folder IN AZUSA Nov. ’43 Sept.
’45]. For train logbooks that appear to show repeated shipments between these factories and other
suspected nuclear sites, see pp. 3390–3391.
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From John Lansdale, Jr., to Leslie Groves. Subject: Extract from ASF Intelligence
Bulletin No. 10. 1 July 1944 [NARA RG 77, Entry UD-22A, Box 171, Folder 32.7003-
2 GERMANY: US Wartime Positive Int. (July–Oct. 44)]

The following is taken from Part V, paragraph 2, page 11 of ASF Intelligence Bulletin No. 10, dated
28 June 1944:

“When on furlough in December 1943, visiting relatives near Voecklamarkt, Austria, P/W saw
a very secret factory at Redl Zipf in a wooded ravine, about 200 meters north of the Redl Zipf
RR station on the RR between Voecklamarkt and Voecklabruck. The people living in the vicinity
believed poison gas or gas for secret weapons was being manufactured here but no one had definite
information because workers were not from the neighborhood and the plant was very closely guarded
by Gestapo in uniform and in plain clothes.”

Report of Interrogation PW RAAB. 11 October 1944. [NARA RG 77, Entry UD-22A,
Box 171, Folder 32.7003-2 GERMANY: US Wartime Positive Int. (July–Oct. 44)]

Report of Interrogation 11 October 1944
PW RAAB, Johann IO Captain Campbell
Grenadier, Gren. Regt 305

Veracity and estimate of personality: Believed to be reliable. PW is a thirty-year-old Austrian, for-
merly a tra�c o�cial (Fahrdienstleiter) for the Deutsche Reichsbahn in Austria. He was inducted
into the German Army 12 February 1944. PW is intelligent, observant and cooperative. The infor-
mation contained herein was gathered by PW as a result of personal observation of the rail tra�c
between the installations involved and conversations with friends and acquaintances acquainted
with the plants.

NOTE: The information contained in this report is only preliminary and as such, incomplete. A full
report, together with sketches of installations discussed herein, will be submitted 12 or 13 October.

Information obtained: In late September and early October 1943 PW began to notice an unprece-
dented amount of activity on the rails between
Redl Zipf (N 48o 02’ 07”), Stadl-Paura (N 48o 04’ 40”), Ebensee (N 47o 48’ 40”)

(E 13o 04’ 40”) (E 13o 52’ 40”) (E 13o 46’ 30”)

and Lenzing (N 47o 57’ 30” / E 13o 39’ 30”), all in the Salzkammergut. All this activity centered
around the former Redl Zipf brewery storage cellars which are cut out of the limestone shale in a
nearby hill. The inmates of a nearby concentration camp as well as numerous foreign and native
workers were called in to enlarge the working area inside the hill and to lay a road bed for a
railroad spur running into the installation. Concrete was poured for the flooring and the whole
interior section was remodeled to provide work shops. Power lines were brought in from nearby
Timelkam providing a current of 15,000 volts, and vast quantities of special equipment (discussed
below) began to arrive even before the place was ready for production. The German engineers in
charge as well as their underlings were all informed that the installation had to be ready for full
production within a period of four months. While this was going on at Redl Zipf the artificial fiber
plant in nearby Lenzing (Zellwolle Fabrik AG, of report 1219, 1 May 1944) was being remodeled
for a change over in production. The nature of this remodeling was unknown to PW or any of his
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acquaintances but in light of its contributions to the Redl Zipf installation it is apparent that the
conversion was made to subordinate the activity of Zellwolle AG to Redl Zipf.

The engineers in charge of construction and production as well as almost all of the workers were
Germans from the Altreich and practically all of them (total number of workers estimated at 2000)
were trusted party members wearing the golden party membership insignia. PW became acquainted
with the manager, Technischer Ingenieur Helmut Novotny as a result of damage to some of the
equipment being shipped to Redl Zipf. Novotny was on the scene from the very beginnings of the
construction period and stayed on after it got into production. Another personality whom PW
remembers well was a man named Hollstein, also German, but Hollstein’s visits became sporadic
after the plant was completed. In a conversation with Novotny PW learned that there had previously
been two similar installations of the same type in Germany itself—one in Sandhofen, north of
Mannheim and one is Wiesoppenheim, just west of Ludwigshafen. Both these installations had
been destroyed as a result of Allied bombings, but it was felt that this had occurred more or less by
chance as everything else in the area su↵ered equally, and the above mentioned installations were
above ground, unlike the Redl Zipf plant.

The product of the firm is known to the workers only as “liquid gas” and, based on PW’s knowledge
of the raw materials delivered to the plant, it would appear to be some kind of explosive. Among the
raw materials delivered to the plant were large quantities of coal (not for power, because all power
was electric), bauxite, which came in Hungarian R.R. cars, lead, beryllium, tungsten, lye (which
came from the Solvay firm in nearby Ebensee; this firm, in turn, was importing large quantities of
thorium from Hungary and elsewhere in the Balkans). Lye and cellulose in large sheets came from
the Zellwolle AG in Lenzing. From Ebensee also came 25 to 30 kilo sacks of a substance described
on the bills-of-lading as Chlorzont (an ash-gray colored powder).

The equipment inside the plant consists of circa 200 boilers of unusual construction in that they
are completely lined with some argillaceous material and covered over on the outside with some
white metal, name of which is unknown to PW, but it is supposed to be a non-magnetic substance.
These boilers are situated in di↵erent compartments and are connected by a system of pipes and
conduits running between the sections and through the concrete walls. PW himself only saw the
inside of the plant on one occasion, before completion, when he brought some materials into the
installation. His other information comes from his wife’s brother who was employed in the plant.
The gas, or liquid, prepared was stored in large high-pressure cylinders about 31⁄2 to 4 meters in
height and 11⁄2 to 2 meters in diameter. PW believes they were constructed of more than usual
strength steel. They too, as well as all connections and valves, were lined with an earthenware type
coating.

The product, when ready for shipment, was sent to an already established munitions factory in
Stadl Paura (c.f. report 1219, 1 May 1944—PW’s information on this plant di↵ers substantially
from that given in above report and will be covered fully in final report). Great care had to be
exercised in transferring the liquid from the high-pressure containers to the tank cars. The hoses
used for making the transfer were made of rubber impregnated fibers reinforced on the outside
with flexible bands of the same white and allegedly non-magnetic metal used in the construction of
the boilers referred to above. Even the nozzles were lined with an earthenware coating to prevent
any contact of the liquid and the metal. The tank cars themselves were extraordinary. They were
completely constructed of a clay or heavy earthenware substance and were bedded on thick felt
cushioning. They may have been reinforced with metal inside the walls of the tanks, but no metal
was visible from the outside. There were 6 of these tank cars, each containing 250 hektoliters and
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they had been specially built by a firm in Ludwigshafen. They were used only on the Redl Zipf–
Stadl Paura run. On one occasion PW examined the residue clinging to the underside of a tank car
lid after it had returned from Stadl Paura. He found a number of lumps of a thick gummy grayish
substance with traces of what looked to him like oil on the surface. It was absolutely odorless.
He was surprised at the grayish color for he had been told that the gases themselves, when in
liquid form, were of a green or yellowish color. He surmised that when pressure was released radical
changes took place in the substance.

It is noteworthy that the workers in the plant complained of loss of appetite and one of them,
a brother in law of PW, said he could no longer enjoy a regular meal. Peasants in the vicinity
were required to make regular delivery of whole milk for the workers. All workers were absolutely
forbidden to drink any alcoholic beverage, even beer, when on or o↵ duty. Brother in law of PW
confessed that he had tried a few glasses of beer anyhow, but to his surprise found it distasteful. He
felt that the gases or something else in the atmosphere of the installation were responsible for this.
Other workers were undergoing the same experience. However, as this brother in law was receiving
over 50RM per week for the relatively unskilled work he was performing (transferring the liquids
from containers to tank cars) he was not complaining too much about his health.

On one occasion, when PW tried to draw Novotny out a little about the nature and use of the
liquid gas Novotny put him o↵ with what the PW considered fairy tales about “freezing gases”
and “explosives which detonate with unheard-of force,” or “weapons which will stop motors from
functioning.” PW believed that Novotny was stringing him along just to be polite rather than
telling him point blank that it was none of his business.

Later, before PW was inducted into the army, the RR delivered 4 large dynamos (marked “Henkel”)
and 16 to 18 smaller dynamoes (marked “Bosch”) to the plant. He wondered what these were for
inasmuch as the plant already was getting 15,000 volts from Timelkam. Included with these was
a large variety of miscellaneous electrical equipment including transformers and items which PW
had never seen before. He knew that electrical furnaces, albeit small ones, had been installed in the
plant and felt that perhaps these dynamoes were used to furnished additional power for them.

PW learned from a worker at Stadl Paura that “a new type shell casing” was being turned out. So
far as he recalls this shell case was of a size suitable for use in the largest field artillery pieces and
was made of some kind of white metal. Whether or not there was any connection between these
shell casings and the liquid gases being delivered there PW does not know.

End of preliminary report.

Philip Morrison to Joseph Volpe. Evaluation of Documents in the Washington O�ce—
October 19, 1944 [NARA RG 77, Entry UD-22A, Box 171, Folder 32.60-2 Germany:
Summary Reports (1945–1946)]

[...] 7. The long Prisoner of War reports on Redl Zipf have already been discussed by Dr. Tolman.
It is reasonably certain that this is not a plant of interest to us [Manhattan Project] but may be of
interest to some of the Chemical Warfare o�cers. [...]
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[From this remarkably detailed PW report, it sounds as if something extraordinary was being
produced at the Redl Zipf plant, yet there is still not enough information to tell exactly what that
product was. It is possible that work conducted at this plant was one (or more) of the following:

• Production of uranium hexafluoride for U-235 enrichment. Uranium hexafluoride is corrosive
to most materials except nickel, aluminum to a certain extent (the white metal described
in these documents may have been nickel, aluminum, or an alloy containing one or both of
those metals), and certain ceramics (such as the earthenware or earthenware-lined containers
described in these documents).

• Enrichment of U-235 in uranium hexafluoride via gaseous di↵usion, if the “circa 200 boilers of
unusual construction” that were “connected by a system of pipes and conduits” were gaseous
di↵usion cells containing nickel di↵usion membranes under high pressure.

• Enrichment of U-235 in uranium hexafluoride via centrifugation, if the “boilers of unusual
construction” were uranium gas centrifuges.

• Chemical reprocessing to purify Pu-239 from neutron-irradiated U-238.

• Chemical reprocessing to purify U-233 from neutron-irradiated Th-232.

• Production of a nerve agent. Sarin, cyclosarin, and soman (but not tabun) contained fluorine,
which made them corrosive to metals other than nickel or possibly aluminum.

• Production of a blistering agent. Mustard and some other blistering agents contained chlorine,
which made them corrosive to most metals.

• Production of a fuel-air explosive, such as a mixture of coal dust and liquid oxygen, or coal
dust and a corrosive nitrogen-based oxidizer (nitric acid, nitrogen tetroxide, etc.).

• Production of a corrosive nitrogen-based oxidizer (nitric acid, nitrogen tetroxide, etc.) for
rocket propellant.

• Production of a fuel for rocket propellant (hydrazine, etc.).

Any of the above options are possible based on the PW report. Of these options, arguably the best
fit might be uranium enrichment via gaseous di↵usion of uranium hexafluoride. Manhattan Project
personnel certainly seemed to think the Redl Zipf plant could be doing nuclear-related work, which
is why they included it in their files and apparently spent some time analyzing it. On what grounds
was this PW report ultimately dismissed as not being nuclear-related?

The same information was repeated in the final version of this PW interrogation report, Report
1349, Report from Captured Personnel and Material Branch, 17 October 1944 [AFHRA 25177
electronic version pp. 923–935].

There were many other wartime intelligence reports about very secret, high priority, and extremely
mysterious work that was conducted at Redl Zipf [e.g., AFHRA electronic versions A6091 p. 1287l,
25082 pp. 106–108; 25177 pp. 919–951; 25216 pp. 385–386].]
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Figure D.113: Map of the Redl Zipf facility from Report 1349, Report from Captured Personnel
and Material Branch, 17 October 1944 [AFHRA 25177 p. 932].
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Figure D.114: Remains of the Redl Zipf facility on the surface and underground today.
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Joseph Volpe to S. D. Brown. 18 October 1944 [NARA RG 77, Entry UD-22A, Box
171, Folder 32.7003-2 GERMANY: US Wartime Positive Int. (July–Oct. 44)]

18 October 1944

MEMORANDUM to Lt. Col. S. D. Brown, Room 2B677, Pentagon Building.

It is requested that during interrogation of Prisoners of War information be procured concerning
the following:

Manufacturing plants at the following locations—

Redl Zipf Lenzing
Stadl Paura Timelkam
Ebensee

Companies—

de Boer, Ems, Germany

Rohsto↵ Handels Gesellschaft (Roges AG), Berlin

JOSEPH VOLPE, JR.

[As shown by this memo, the Manhattan Project’s Foreign Intelligence Unit continued to think
that Redl Zipf and related facilities might be conducting nuclear weapons work, and they sought
further information on those sites.]

PW INTELLIGENCE SECTION, HQ MAAF. 22 December 1944. [AFHRA A6091
frame 1419]

[...] 4. SECRET WEAPONS, REDL ZIPF (A): At REDL ZIPF between VÖCKLAMARKT and

VÖCKLABRUCK, experiments are being made in connection with the atomic bomb. (See MAAF
S 6686, Intelligence Item 6, Secret Weapons, Austria.) Date of Information: June 1944. [...]

[If this intelligence report was accurate, it confirms that Redl Zipf was indeed conducting work
related to nuclear weapons development. What exactly was the information that was received?
Can the cited report, “MAAF S 6686, Intelligence Item 6, Secret Weapons, Austria,” be located in
archives now?]
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Report No. 551/158. 13 February 1945. Austria—Economic: Factory Redl-Zipf, district
Vöcklabruck. [AFHRA 25177 electronic version pp. 944–947]

Source
LULLABY from Czechoslovak refugee who worked in the factory.

Date of Information
6.2.45

Reliability
Good

Subsource is available for interrogation until 20 Feb. 45. Urgent comments are requested.

1. The secret name of the factory is SCHLIER. All transports for this factory are delivered under
this name or “Zentralbauleitung Redl-Zipf”. The number of workers employed in this factory is not
known exactly to me, but I guess that about 1,000 men are now working there. The camp of these
workers is situated in the buildings of the brewery in ZIPF. The brewery works only in a restricted
measure. These workers are specialists—German only.

2. The factory has no name. It belongs to the Hermann Göring concern, LINZ (Austria).

3. High-explosive gas is manufactured in the underground tunnels and stored in vertical kettles (20
x 4 m), the pressure being 50–100 atm. These kettles are in the underground tunnels as well.

4. Two entrances lead to this underground factory and, out of these corridors, other corridors were
hewn in the rock which lead into working rooms, the number of these being 23. From these rooms
are pipe lines leading into the kettles. Some rooms have 2 or 4 (one has even 8) kettles. The total
number of kettles I do not know.

5. These kettles, made of steel, are vertical, hewn into the rock under the surface of the corridors
and on the top of the kettles is a layer of ash-like material. The whole kettle is cemented into the
rock.

6. I have seen machines in 4 rooms only. These 4 rooms were the biggest—12 m width, 100 m
length, 5 m high. The firring of these machines, where I helped, lasted one month. In each of these
rooms were two machines that looked like huge pumps—dimensions 3 m width, 3 m height, 5 m
length. Other installations in these rooms were a steel ball, walls 7 cm thick, 2 m diameter (I know
the thickness of this ball as other workers were cleaning the interior of the ball). This ball has not
been of one piece, but welded out of several square pieces. Into the ball leads a pipe, the diameter
being about 50 cm and another pipe of the same dimension which leads out opposite the first pipe.
Two pipes 10 cm diameter lead into a measuring apparatus which has been su�ciently accurate to
measure 1/260th of a gramme. This apparatus I suppose has been devised to measure the pressure
and probably other qualities of the product.

7. This product has been referred to by German personnel as “Masse”.

8. The ball rested on an iron pedestal and under this pedestal the aforementioned measuring
apparatus has been placed. This apparatus has been of a sort of weigh[ing]. During the time of fitting
one Russian prisoner left a chisel, probably on purpose, a chisel in this weigh so that the apparatus
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would not function, the chisel staying upright. He has been shot. This apparatus had several dials
which were connected with a camera. This camera has been connected with a “Prüfungsraum”
situated on the top of the rock and separated from the working rooms. This ‘Prüfungsraum” was
in a pill-box, camouflaged with dry trees painted green. In the same manner has been camouflaged
the whole rock on a surface of about 300 m x 300 m. On the rocket has been put a layer of cement,
about 30 cm, and in this layer the dry trees stuck in and sprayed with green paint.

9. At the first trial producing the “Masse” an explosion occurred and a fire broke out lasting five
minutes. A flame shot out of the tunnels, white in colour (Stichflamme) and a temperature of
3000 oC—as I heard from the Germans—all the brass, aluminium and copper parts of machines
disappeared. The repair lasted for three months (the factory has been built from April 1943–
May 1944). All the occupants in the rooms were killed—my party removed 9 bodies, completely
unrecognisable, 70 cm long.

10. The other rooms were much smaller, about 3 x 3 x 3 m and some were only enlargements of
the corridors. There were a few machines which had been transported there in parts so that I could
not guess what sort of machines they were when fitted together. Ten rooms were probably larger,
but always behind a curtain. In one of them has been probably a power station, as di↵erent electric
material has been transported inside. I guess that chemical products were manufactured as cases
from the societies: Vereinigte Chemische Fabrik Kreidel & Heller, Wien XXI, Sebastian Kohlgasse
(I know the first exactly as near there I have been working—the factory until XII/1944 has not been
hit, though the Vacuum Shell Company on the opposite side of the street is completely destroyed).

11. The daily output of the factory is 4 railway-cisterns. These cisterns resist high pressure. At the
closing of the cisterns a white snow-like layer forms itself and the so evaporating gas has a slightly
green colour, without any smell and when inhaled is harmless.

12. Locating this factory is helped by the brewery in ZIPF which has a high factory chimney painted
green. The two corridors leading underground are immediately at the brewery (see sketch) towards
North.

13. The rock in ZIPF, where the factory is, is of sandstone and it happened several times during
the construction that the corridors broke down. At the entrance the thickness of sandstone is about
1 m, the deepest corridor is 18 m. On that point is a shaft, the Germans said, 18 m deep.

14. The station REDL-ZIPF is on the main railway line LINZ-SALZBURG.

15. Electricity comes from the power station TIMELKAM situated 20 km to the East of the station
Redl-Zipf. The tension is 110,000 V. I worked on the fitting of switchboards. From the transformer
station (see sketch) electricity comes to the factory with two high tension wires and two underground
cables. Here the tension is lowered to 10,000 volts.

Another high tension wire was being erected to the West as I know there is also a power station in
STEINDORF, 20 km to the West from REDL-ZIPF.

16. What I heard, and what the workers think, is that gas for the V.1 weapon is being manufactured
in this factory.

17. The postal address of this factory is: Attnang-Puchheim, Postschliessfach 26.
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I heard about other factories of this sort, but I have not been there. They are:-

1. The factory in ST. GEORGEN, near LINZ. The secret name of this factory is ESCHE. The
postal address: LINZ/DONAU 2 Postschliessfach 999/XX.

2. The factory in MELK, near Vienna. The secret name is QUARZ, the postal address is not known
to me.

We were told by the Germans that, upon being asked by relatives etc we have to say that we are in
Esche, Quarz etc. Where is this unknown place? At Attnang-Puchheim. Of course, what is being
done there, we were forbidden to tell.

3. Another factory of this sort in WIENER NEUSTADT has been destroyed by bombing. Work
not resumed.
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BIOS 31. Rocket Developments in South Germany and Austria. pp. 35–37.

Target: Steinbruchverwertungs G.m.b.H.
Betrieb Schlier

Location: Brauerei Zipf, Redl. N.49 XV2954
(U.S. zone)

Nature of Target: Underground liquid oxygen plant
and firing station for static
proof of A.4 rocket motors.

Date visited: 24.8.45.

Personnel interviewed: Dr. Kretz, (E), the owner
of the brewery.
Available at the brewery.

1. The brewery’s storage vaults, which were constructed in the side of a hill, had been used by the
above-named organisation for the erection in 1943 of an underground liquid oxygen plant.

This plant consisted of seven units, operating on the Linde principle, capable of producing 80 tons
of liquid oxygen per day.

Each unit comprised a compressor, alkali absorption towers for removal of CO2, and a still for
separation of liquid oxygen and nitrogen.

The compressor, built by Borsig, operated in five stages and developed 600 Kw. Compression to
160 atms. was attained.

The nitrogen was expanded after separation from the oxygen, giving a recovery of 10 per cent. of
the power input. After running o↵ the liquid, residual gaseous oxygen was bottled.

The liquid oxygen was pumped from the plant’s storage tanks into specially constructed railway
wagons, each holding 30 tons. It was stated that the loss by evaporation from these wagons was
one ton per day.

Production had been continuous until April 1945, when transportation became impossible on ac-
count of disruption of railway services.

The plant had not been attacked by air and was completely undamaged although provision had
been made by the S.S. for blowing up the entrances. This plan was frustrated by the early arrival
of U.S. ground forces.

Dr. Kretz stated that a similar plant consisting of 15 units had been operating at Saalfield. (Russian
occupied zone).

Maintenance of the plant is at present being carried out, pending a decision as to its utilisation.
(Redl is in Austria).
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2. A static firing station, for testing A. 4 rocket motors, had been constructed on top of the hill.
This was directly accessible by a lift from the underground factory, in which the motors awaiting
test were stored. (Nine motors, mounted on trolleys running on a narrow gauge railway, were seen).
[...]

The whole station was of massive dimensions and solid construction.

Two bursts during firings had occurred since tests commenced in October, 1943. The first of these
occurred in February, 1944, and the second which partially destroyed the firing bay, in August 1944,
since when no firings had been done.

After the first of these bursts, all iron pipe lines for liquid oxygen were replaced by aluminium,
which does not become so brittle at extremely low temperatures.

It was stated by Dr. Kretz that no other rocket work was carried out at the factory. No rocket
materials, other than those mentioned above, were discovered by this team.

It is of interest to record that the underground factory contained one “secret room”, open to S.S.
o�cials only, in which counterfeit Bank of England notes, from L1 to L50 denomination, were
printed.

Visits by other rocket teams to this target are not considered necessary.

[This is one of several Allied reports that described Redl Zipf as just an oxygen production plant
(e.g., see p. 4014).

It is possible that part of the Redl Zipf facility did produce oxygen, but if that were the only product
of Redl Zipf, that would not be consistent with many of the details provided by PW Johann Raab (p.
3285): (1) long-term toxicity to the workers; (2) extreme corrosivity to all materials except a white
metal (nickel, aluminum, or an alloy containing one or both of those metals?) and ceramics; and
(3) consumption of large quantities of nuclear-related materials such as lead, beryllium, thorium,
etc.

If Redl Zipf were only an oxygen plant, it would also contradict the intelligence report that specif-
ically stated that Redl Zipf was doing work related to nuclear weapons (p. 3291), as well as other
intelligence reports that indicated that Redl Zipf had far greater secrecy and security than one
would expect of a simple oxygen plant [e.g., AFHRA electronic versions A6091 p. 1287l, 25082 pp.
106–108, 25177 pp. 919–951, 25216 pp. 385–386].

Was the Redl Zipf plant really only producing oxygen the whole time, or was it converted to
that later, or only using oxygen production as a cover story? For example, at the end of the war,
German industrial plants that had been producing nerve gas were stripped of all evidence and
even completely overhauled to appear to have been nothing more than harmless soap factories
throughout the war [Jacobsen 2014, pp. 24–29, 73–75].

BIOS 31 was a British report. U.S. o�cials also personally inspected the Redl Zipf plant after the
war (p. 4014). What exactly did they find there? Where are their reports?]



D.4. ENRICHMENT OF URANIUM-235 3297

Cable IN 1788 from Caserta, Italy to O�ce of Strategic Services Director. 19 January
1945 [NARA RG 226, Entry A1-134, Box 219, Folder IN AZUSA Nov. ’43 Sept. ’45]

#27074. AZUSA. 154 and Dix from 148.

Octopus cables 18 January that partisans report experiments being conducted on atomic bombs
at Sopron, Hungary and west of Vienna. We are asking that further inquiries be made discreetly.
Meanwhile cable me whether you have had other indications on these localities. Ask Major Furman
if Major Ham is still his representative in this Theater.

[See Fig. D.115 for a photograph of this document.

This intelligence report may or may not have been talking about Redl Zipf specifically, but it is
further confirmation that nuclear weapons development was being conducted in that area.

Experiments “west of Vienna” might refer to research installations at Redl Zipf, Gusen/Bergkristall,
Zell-am-See, Lofer, Melk/Quarz, and/or other locations.

What was going on at Sopron (Ödenburg), Hungary? Sopron is approximately 65 km south of
Vienna, just across the border into Hungary. Can any other documents concerning wartime nuclear
research there be located? It sounds as if the OSS was going to write follow-up reports.]

R. V. Shepherd. BIOS 313. Report on Visit to Czechoslovakia by Armament Design
Department. 16th November to 9th December, 1945.

[p. 11:]

Black List
Number Target

[...]

2/462 Dubnica—An underground factory built before the war by Skoda. It was taken over by the
Germans and operated by them. It was completely destroyed by the Germans when the Russians
advanced into Slovakia. [...]

C2/788 Vitkowice—Skoda had no works here but probably owned coal mines for which this area is
noted. The main works are the Vitkowice Steel Works which were in the Herman Goering Trust in
the steel making section. The firm is NOT linked with Skoda. Head of the Firm is von Ringho↵er—
German. Also a Director of Skoda.
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Figure D.115: This 19 January 1945 OSS cable reported “experiments being conducted on atomic
bombs at Sopron, Hungary and west of Vienna” [NARA RG 226, Entry A1-134, Box 219, Folder
IN AZUSA Nov. ’43 Sept. ’45].
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F. A. Duwell. 5th Army POW Cage (Air), Target Notes A/16. 7 November 1944.
[AFHRA A5417 electronic p. 966–967]

7. Other Underground Factories P/W claims that a number of underground factories are located
between LANDSBERG and SCHONGAU on the west side of the RR line and main highway in a
heavily wooded area. P/W did not know what was to be built or whether they were already in
operation. He knew, however that [they] were similarly constructed as the above (See paragraph 2).
He had his information from members of Organization TODT, who had helped with construction
there.

8. Electric Power Stations, LANDSBERG—SCHONGAU Along the river LECH between LANDS-
BERG and SCHONGAU four electric power stations are located. [...]

9. Dynamite A.G. Kaufering at Landsberg This plant was begun in 1939–40 and at that time curious
civilians were informed that they need not be concerned as the project was of little importance.
However, this did not quiet the suspicions that something highly secret was being performed,
suspicions that are still rife today. In May 1943 there was a sudden increase in activity after which
time the place was put under heavy guard. The entire complex is set in the woods and is heavily
camouflaged. An extensive network of roads was built into and through the woods. P/W knew that
about 30 large tanks were partially buried near the factory, painted green on top, and covered over
with trees and shrubs. He also knew that “Press Luft” (Compressed Air) was being prepared here
for use in the factory and that some sort of munitions were being manufactured. He describes the
location as being at approximately 48 degrees 04’N – 10 degrees 50’E.

PARAGRAPHS 30, 31 of MFIU/HQ/CSDIC/12. Undated but apparently late 1944
or early 1945. [NARA RG 77, Entry UD-22A, Box 171, Folder 32.7003-3 GERMANY:
US Wartime Positive Int. (Nov. 44–June 45)]

PARAGRAPHS 30, 31 of MFIU/HQ/CSDIC/12

V. EXPLOSIVES

30. Dynamit AG, Kaufering/Landsberg. The source of the following is the same as for paras 28–29
supra. The plant—the approximate location of which is 10o 50’ E., 48o 4’ N—was started at the
end of 1939. It was said to be of no importance, but the local people are convinced that something
very secret is going on there. In May/43 there was a sudden increase in activity after which date
the place was put under heavy guard.

31. The whole complex is set in woods and heavily camouflaged, while an extensive net-work of
roads was built into and through the woods. The P/W knew of about 30 tanks being built, partially
under ground, near the factory and that these tanks were topped with earth in which trees and
shrubs were planted. He was certain that some sort of munitions were being made there.



3300 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Monthly Intelligence Summary. February 1945. [NARA RG 77, Entry UD-22A, Box
168, Folder 202.3-1 LONDON OFFICE: Combined Intell Rpts.]

II INFORMATION ON POSSIBLE T A SITES

7. Saalfeld-Thüringia.

A report dated 19 April 1944 was received from OSS stating that a new weapon is being manufac-
tured in an underground factory at SAALFELD-THÜRINGIA, Germany. The report added that
experimental laboratories formerly in Berlin have been transferred to STRASBOURG and installed
in a hospital there. The casings and tubings for the weapon were reported to be manufactured in
the mechanical workshops in Bitschwiller (Haut-Rhin). Some significance is attached to this re-
port because of the fact that a laboratory of interest to us has been discovered in a hospital in
Strasbourg. Air coverage of the Saalfeld area has been obtained and is now being studied.

10. Leitmeritz.

An ungraded report indicated that the production of precision instruments for V-3 is being carried
on by the Germans in the town of LEITMERITZ in Sudetenland. According to this report, a large
volume of electric power is being directed to the factory. A power survey and aerial coverage of the
area have been obtained and are being forwarded to General Groves’ o�ce for review.

11. LEHESTEN.

An OSS report states that possible manufacture of long range projectiles is being carried on in
a semi-underground installation about 1.5 K.M. north of Lehesten in Germany. T A interest in
the report arises from the fact that Siemens and Halske are said to be in charge of the plant, and
a reference to the breaking down of water by electrolysis at this site. Aerial coverage has been
requested.

Monthly Intelligence Summary. March 1945. [NARA RG 77, Entry UD-22A, Box 168,
Folder 202.3-1 LONDON OFFICE: Combined Intell Rpts.]

k. Air photos of a German plant at Muhldorf were forwarded to Major Smith for submission to Dr.
Morrison. Interpreters on this side were unable to establish what sort of work was being pursued
here.
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FF4936 Research on Secret Weapons (January 1945) [NARA RG 226?, Entry ??, Box
??, Folder ??. Published in https://www.hsozkult.de/publicationreview/id/reb-7382].

FF4936
Date: January 1945
Evaluation: C-3 (7)

Very urgent INTELLIGENCE
Germany

Research on Secret Weapons

A center of research has been set up at KAPPEL, 37 km. north of Berlin, in a disguised woods.
Near this center, and camouflaged by the same woods, there is the whole of E. M. de DOENITZ.

Researches are carried on vigorously upon the “atomic explosion”, at the SS Technical Academy
at ZELLENDORF (700 m. south of the (RR) station) and especially at BRNO in Bohemia. These
experiments are pursued intensively by the old establishments of BAYER (the special section of
the I. G. Farben near Berlin and in the vicinity of Regensburg).

[Apparently added later:]

see paragraphs 3 and 4 of cable 2877 December 21, 1944, from Bern IN—29784

MAR 20 1945

[It is very interesting that this report took on a renewed urgency for the U.S. on 20 March 1945,
and that the information added then refers to a cable from Bern by U.S. spy Moe Berg; note that
the actual date of that cable appears to be December 31, not December 21 [Petersen 2008, p. 625].]

Monthly Intelligence Summary. March 1945. [NARA RG 77, Entry UD-22A, Box 168,
Folder 202.3-1 LONDON OFFICE: Combined Intell Rpts.]

c. A report was received that a research center engaged in work on “atomic explosion” has been set
up near Koralle, 37 kilometers north of Berlin. A study of air coverage of this area failed to reveal
any visual evidence of TA activity.

[The correct name of this site appears to be Koralle as mentioned in the second document, not
Kappel as mentioned in the first. (Perhaps the “p”s were “⇢”s, indicating a Slavic origin for this
intelligence?) The German Naval High Command was located there during 1943–1945 (the first
document mentioned Admiral Doenitz), and there may well have been other facilities in the same
general area.]

CSDIC (AFHQ) A 315 (F.N. 721). 5 February 1944. HE 177—Germany’s New Bomber
Hope: Detailed interrogation report on He 177’s shot down on January 23rd and 24th.
[AFHRA A5417 electronic pp. 882, 886]

48. In many forest regions of Germany including one near REGENSBURG, the home of the P/W,
the manufacture of the secret weapon or weapons is being rushed with utmost energy. Extreme
security precautions are taken, such as keeping the workers in the factory, and not permitting them
to go home.
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Zbynek Zeman and Rainer Karlsch. 2008. Uranium Matters: Central European Ura-
nium in International Politics 1900-1960. p. 73.

While the uranium treaty was being considered, Bakulin reminded Fierlinger that he had agreed
to hand over 38,516 kilograms of radioactive material available on Czechoslovakian territory to the
Soviets. Fierlinger immediately gave orders for the transfer of the materials to the Soviet foreign
trade organization, Torgpredstvo, and requested that the ministries of industry and foreign trade
take care of the transfer. On 14 October [1945], 37,012 kilograms of uranium paints, (containing up
to 58.4% uranium oxide [U3O8]), were taken away from the Př́ıbram smelting works. On 29 and 30
October, barrels and boxes containing 9,725 kg of 58% uranium concentrate followed. Additional
pitchblende from the slagheaps was collected, and the amount of uranium the Soviet Union received
from these sources has been calculated at 30.838 tons; only 0.919 tons of uranium was actually mined
in 1945.

[Ivan Bakulin was a Soviet o�cial. Zdeněk Fierlinger was the Soviet-installed prime minister of
Czechoslovakia after the war.

It seems highly unlikely that over 30 tons of valuable refined uranium was simply being used for
paint. Presumably that was just a cover story given by the Germans, Czechs, and/or Soviets.

What exactly was the uranium being used for during the war? Was it for enrichment or for use in
a fission reactor? Or had it already been enriched or irradiated in a reactor?

Why was the uranium at Př́ıbram? Among other things, Př́ıbram was home to a large wartime
research installation run by the SS and Skoda and directed by Rolf Engel, who was an expert on
explosives, implosion bombs, rockets, and related subjects (pp. 3992, 4645).

See the documents on pp. 3303–3305.]
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Figure D.116: 1944 German plans for high-voltage power cables from Štěchovice to “Objekt IV,”
a facility built by Skoda in Př́ıbram [SOkA Př́ıbram, Elektrifikace—1944, AM Př́ıbram—S, inv. č.
1001, courtesy of Jaroslav Mareš].
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Figure D.117: 1944 German plans for high-voltage power cables from Štěchovice to “Objekt IV,”
a facility built by Skoda in Př́ıbram [SOkA Př́ıbram, Elektrifikace—1944, AM Př́ıbram—S, inv. č.
1001, courtesy of Jaroslav Mareš].
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Figure D.118: 10 October 1945 letter from Ivan Bakulin to Zdeněk Fierlinger requesting 38,516.1
kilograms of radioactive material that had been left by German forces in Czechoslovakia at the end
of the war [Národńı archiv, Ústředńı výbor KSČ, Klement Gottwald, sv. 81, aj. 1031, courtesy of
Jaroslav Mareš].
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Figure D.119: At Štěchovice, German forces built a large dam, hydroelectric power plant, and as-
sociated facilities that became operational in 1943. Nearby were large, secret underground facilities
such as Blaumeise I–III. The installations may have been conducting nuclear-related work such as
uranium enrichment.
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Figure D.120: The Štěchovice dam and hydroelectric power plant under construction in 1942.
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Figure D.121: Installation of the Kaplan turbines (p. 1474) and high-voltage transformers at
Štěchovice during 1942–1943.
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Figure D.122: The Štěchovice dam and hydroelectric power plant operational in 1943.



3310 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.123: The Štěchovice dam and hydroelectric power plant today.
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Figure D.124: In June 1943, Hans Kammler issued an order that the Beneschau (Benešov) military
base near Štěchovice was classified as the highest priority: “The Beneschau military training area
is classified under No. ‘Prot. 42 Up c 1.’ From the last number of the number ‘1’ it can be seen
that this GB-Bau-No. is the highest level in the relevant subject area, which the GB-Bau has to
assign at all.” What work was conducted there?
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Figure D.125: In February 1946, a U.S. military team made an unannounced in-
cursion deep into Czechoslovakia to recover important German papers buried at
Štěchovice. The contents of most of the papers have never been publicly revealed
[www.archives.gov/publications/prologue/2007/winter/stechovice.html]. This (in)famous inci-
dent was actually just one of many U.S. military incursions into Czechoslovakia in 1946 to collect
mysterious cargo from multiple sites (pp. 3315–3320).



D.4. ENRICHMENT OF URANIUM-235 3313

Figure D.126: In February 1946, a U.S. military team made an unannounced in-
cursion deep into Czechoslovakia to recover important German papers buried at
Štěchovice. The contents of most of the papers have never been publicly revealed
[www.archives.gov/publications/prologue/2007/winter/stechovice.html]. This (in)famous inci-
dent was actually just one of many U.S. military incursions into Czechoslovakia in 1946 to collect
mysterious cargo from multiple sites (pp. 3315–3320).
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Figure D.127: In February 1946, a U.S. military team made an unannounced in-
cursion deep into Czechoslovakia to recover important German papers buried at
Štěchovice. The contents of most of the papers have never been publicly revealed
[www.archives.gov/publications/prologue/2007/winter/stechovice.html]. This (in)famous inci-
dent was actually just one of many U.S. military incursions into Czechoslovakia in 1946 to collect
mysterious cargo from multiple sites (pp. 3315–3320).
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Figure D.128: Other U.S. Army soldiers made an incursion into Czechoslovakia on 14 February 1946
and left this travel order behind at a checkpoint near Halámky-Rapšach on the Czech/Austrian
border. [Archiv Bezpečnostńıch Složek. H-544 Akce Úkryty. Courtesy of Jaroslav Mareš.]
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Figure D.129: A report of two successful U.S. incursions into Czechoslovakia on 14
February 1946. [Archiv Kanceláře Prezidenta Republiky. Courtesy of Jaroslav Mareš.
www.prazskyhradarchiv.cz/file/edee/archivalie mesice/2016/1602.pdf]
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A report of two successful U.S. incursions into Czechoslovakia on 14 February 1946.
[Archiv Kanceláře Prezidenta Republiky. Courtesy of Jaroslav Mareš.
www.prazskyhradarchiv.cz/file/edee/archivalie mesice/2016/1602.pdf]

O�cial record.

On 14 February 1946, an American car with an American military crew was intercepted in Cheb.
OBZ [Defense Intelligence Agency] authorities requested a report from HSOBZ [Main Administra-
tion of Defense Intelligence Agency] as to whether the car could be released to the other side.

Since it was a cargo of porcelain, which the Americans had no permission to export from Czechoslo-
vakia, and since there was also the possibility that the wanted documents might be hidden under
the porcelain, HSOBZ ordered the cargo to be gathered together and the contents to be searched.

The chief financial o�cer Hanzlik strongly objected to this, saying: “Some o�cer from the MNO
sta↵ will not interfere with us!” and despite the ban, he let the car and its cargo cross the border.

Since the cargo was transported across the Czechoslovak border without inspection by the inter-
vention of chief financial o�cer Hanzlik, it is possible that it was through this route that some of
the wanted written material reached the American zone.

On 14 February 1946, an American car, allegedly from the UNNRy in Oldřichov, Liberec district,
was allowed to cross the border of Czechoslovakia by sta↵ guard Kasal from Hrádek nad Nisou,
who negotiated the crossing with the Poles in Oldřichov.

The same car tried to cross the border at Habartice, Frýdlant district, and after failure at Hartava
near Hrádek nad Nisou.

[This document reports:

• An American military vehicle with an unknown cargo (concealed in or under porcelain) left
Czechoslovakia for Germany at Cheb (due west of Prague).

• An American military vehicle with an unknown cargo left Czechoslovakia for Poland near
Liberec (northeast of Prague), after trying unsuccessfully to leave Czechoslovakia at two other
border checkpoints in that general area. The vehicle probably just cut across the extreme
southwestern corner of Poland before returning to Germany.

These two U.S. military incursions were in addition to those at Štěchovice (pp. 3312–3314), Halámky-
Rapšach (p. 3315), Prague-Vokovice to Karlovy Vary (p. 3318), Prague area (p. 3319), and appar-
ently many others (p. 3320).

What exactly triggered all of these U.S. incursions into Czechoslovakia? Perhaps recently obtained
information from interrogations, or fears that Czech or Soviet o�cials were about to seize or block
access to certain sites or materials?

What did all of these U.S. incursions into Czechoslovakia retrieve?

Where are all of the retrieved materials and U.S. records about these incursions now?]



3318 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.130: A report of another successful U.S. incursion into Czechoslovakia on 13 February
1946, describing a U.S. convoy of four trucks and four Jeeps traveling from Prague-Vokovice to
Karlovy Vary. [Archiv Bezpečnostńıch Složek. File 304 81 5. Courtesy of Jaroslav Mareš.]
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Figure D.131: A report of another successful U.S. incursion into Czechoslovakia on 13 February
1946, describing a U.S. convoy of seven trucks and one passenger car traveling from Prague-Koš́ı̌re
to Prague-Motol. [Archiv Bezpečnostńıch Složek. File 304 81 5. Courtesy of Jaroslav Mareš.]
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Figure D.132: According to this December 1946 report from the Czechoslovakian Ministry of De-
fense, even the U.S. ambassador in Prague, Laurence Steinhardt (1892–1950, who had a fascinating
career that deserves greater study!), complained about the large numbers of U.S. vehicles mak-
ing unauthorized incursions into Czechoslovakia. [Pohraničńı útvary SNB 1946–1947. Courtesy of
Jaroslav Mareš.]
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Figure D.133: 3 June 1986 letter from Ryb́ın Jaroslav [Czech National Archive, courtesy of Adam
Kretschmer].
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Figure D.134: 3 June 1986 letter from Ryb́ın Jaroslav [Czech National Archive, courtesy of Adam
Kretschmer].
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Figure D.135: 3 June 1986 letter from Ryb́ın Jaroslav [Czech National Archive, courtesy of Adam
Kretschmer].
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Ryb́ın Jaroslav
25.4.1923
K Závěrce 2752/34
Prague 5 Prague 3 June 1986

Dear comrade Secretary General and President of the ČSSR [Czecho-Slovak Socialist Republic],

First of all please accept my comradely greeting, and excuse me that I deprive you of precious time,
which you surely do not have much to spare.

I am compelled to write you this letter spurred by the events around the Chernobyl nuclear accident.
I had not realized before that even “not really major” accidents could have such serious consequences
requiring di�cult and dangerous clean-up operations.

I am writing you because there is near Prague an even more dangerous threat that we inherited from
the German occupation. There is a deposit of approximately 1200 tons of high explosives together
with approximately 200 barrels of enriched uranium that were hidden in the area of Štěchovice,
Hradǐst’ko, Závist, Krňany, Benešov, and Sedlčany, by the German forces retreating before the
victorious Soviet Army.

There have been news recently about tectonic disturbances a↵ecting partially Central Bohemia
District. I am terrified to think what could happen if tectonic movements would by coincidence
lead to ignition of the explosives and the subsequent blast that would melt the barrels with the
uranium. This would lead from subcritical mass contained in each of the barrels to the fusion
of critical mass and the explosion would thus in e↵ect be the explosion of an atomic bomb that
would endanger not only the capital city of Prague, but most probably the whole Bohemia and
neighbouring states.

These findings are not mere fantasy of mine, but are based on the findings in the Archive of the
Interior Ministry of the ČSSR.

As a former o�cer of the Interior Ministry I was working in 1952–56 as war crimes investigator
and later as operational o�cer on the reconstruction of the Nazi secret services activities. One of
the things that were investigated were secret materials of the Third Reich apparently hidden by
the end of the war in deep tunnels in the area I mentioned above.

After my retirement on the orders of the then Minister of the Interior comrade Obzina I was working
and helping comrade General Josef Ripl with locating those materials. I have found out, among
other, that the search did not advance compared to 1956 and that the secrets surrounding hidden
materials were not solved because there was practically no activity in this regard. It was primarily
because after the a↵air with the so called “Frank’s Archive” there was suspicion regarding other
findings, search parties had very low operatibility and almost no authority, they were understa↵ed
and also underequipped. If we take into consideration the fact that the area in question, where
according to the interrogation protocols of captured Germans and according to testimonials of
various Czechoslovak witnesses these materials were hidden into various tunnels and water wells,
has approximately 500 km2, the search e↵orts were totally inadequate and as far as I am aware no
further e↵orts are being made.

The accessible archival materials attest that the area in question is former military training ground
“SS Truppenübungsplatz BÖHMEN” with the command in Benešov (Konopǐstě – commander SS
General KARASCH) and in Hradǐstko where a school for SS sappers was located (commander SS
Colonel KLEIN).



D.4. ENRICHMENT OF URANIUM-235 3325

According to various sources, including those from my acquaintances, we are dealing with:

1. Dangerous ammunition and explosives (allegedly including above mentioned 1200 tons high
explosives and 200 barrels of uranium).

2. Historical materials belonging to Č[S]SR.

3. 52 wooden boxes with unidentified written materials and other 5 boxes hidden by the order
of K.H. Frank at the end of April 1945.

4. Unidentified materials that were transported from western and central Germany under the
protection of armored vehicles between 24.12.1944–end of January 1945 to the area of Krňany.

5. Approximately 3 wagons of Hungarian treasure.

6. 3 wagons of RSHA materials.

7. Kiev and Kharkiv libraries that were arguably located in Benešov, at Konopǐstě Chateau.

8. So called Amber Room [Bernsteinzimmer].

9. Around 30 tons of gold and golden treasure (presumably incl. Belgian treasure).

10. Around 3 tons of silver bars.

11. Archive of the NSDAP, presumably near Karlovy Vary at ABERK.

12. Miscellanea, including archives of the SS Prosecution O�ce and Tribunal at Nelžovice etc.

Two years ago I was personally disposed to assist in locating the above mentioned (back then I did
not yet realize the danger posed by the explosives). I submitted a 5-page draft regarding means of
locating the stu↵ mentioned above to the then First Deputy Minister of Interior, comrade General
Kováč, and even though I explicitly renounced any financial recompense connected with the search,
I never even received an answer back.

I have been 7 years in retirement, and after three heart attacks and light diabetes I am not working
anywhere. I can not ignore though the danger of the catastrophe looming above us like the Sword
of Damocles.

I therefore turn to you, dear comrade Secretary General and President of the ČSSR as the most
responsible person in our republic, to confirm these findings and especially to prevent the worse
that can happen to us, save for atomic war.

With comradely greetings,

Ryb́ın Jaroslav
SNB [National Security Corps] Lieutenant Colonel (ret.)
Awardee of the medals: For Selfless Work for Socialism,
For Securing Friendship in Arms, First Class, and others.

[If this information is correct, “approximately 200 barrels of enriched uranium” would be the
product of an industrial-scale nuclear weapons program, not small-scale laboratory experiments.
And that is only the enriched uranium that this particular person knew about in this particular
location. How much enriched uranium had been produced throughout German-controlled territory
by the end of the war, to what degrees was it enriched, and by which enrichment methods?]
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Figure D.136: 1 September 1986 letter from Ryb́ın Jaroslav [Czech National Archive, courtesy of
Adam Kretschmer].
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Figure D.137: 1 September 1986 letter from Ryb́ın Jaroslav [Czech National Archive, courtesy of
Adam Kretschmer].
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Figure D.138: 1 September 1986 letter from Ryb́ın Jaroslav [Czech National Archive, courtesy of
Adam Kretschmer].
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Ryb́ın Jaroslav
25.4.1923
K Závěrce 2752/34
Praha 5 Praha 1 September 1986

Dear comrade Secretary General and President of the ČSSR,

First of all, please accept my apology for contacting you again regarding the matters I presented
in my letter to you of 3 June 1986.

In June of this year I was visited by two o�cers of Federal Service of VB (Public Security /Police/)
(Major Jan Urban and a colleague). I understood from the interview that they visited me to clarify
some points regarding the matters I wrote you about. After providing clarification I gave them two
copies of the letter that I wrote previously to the then Minister of the Interior comrade Obzina and
to the then First Deputy Minister of the Interior comrade General Kovač. No copy of the letter
was ever returned to me, and even so the Ministry of Interior claims they have been unable to find
them in their archive. I got the impression from the interview that the VB Federal Service o�cers
don’t understand the magnitude of the danger present (even including a mere radioactive leak in
case of accidental damage to a barrel etc.) and that they focused only on issues of finding the lost
valuables or written documents of the Third Reich.

After I had returned from a longer summer stay at Lučenec, I visited the area of the former SS
training grounds at Hradǐstsko. I found out that suspected places where dangerous explosives and
the uranium may be located were not being searched and thus the danger for local environment
persists.

From the interview with the o�cers of the VB Federal Service and by checking personally the local-
ity, I got the impression that the Federal Ministry of the Interior and its departments underestimate
the danger or perhaps they don’t even have the means to avert a possible catastrophe.

Therefore I turn to you as a communist to have this reviewed and examined. As a former specialist
of the Ministry of the Interior of the ČSSR I hold that it is neither hard nor impossible from an
organizational point of view to start locating and disarming the explosives, as well as safely deal
with the uranium, that I mentioned in my first letter.

It is my belief that if the Interior Ministry is not able to deal with this task, it could be delegated to
the Defence Ministry and the ČSLA (Army) that have in this regard lot of experiences, specialists,
technical means and personal capabilities. They can best evaluate the present danger and plan
accordingly how to deal with it.

I am aware that 41 years have passed since the materials were hidden, and that the search is more
di�cult due to grown vegetation, soil erosion, etc. Nonetheless, according to available evidence,
testimonies, etc., there are at least three possible locations where the Germans could have hidden
dangerous explosives. These are for your information (I write it here since after three heart attacks
my heart is starting to act up again and I don’t want to take my knowledge with me to the grave)
the following locations:

1. The so called “V lese” spot. It is located directly above Hradǐstko. The factors favoring this
location are that the volume of the tunnels is supposed to be approximately 275m3 and that
nearby, around 300 m away, there was an ammunition and explosives depot for the SS unit
stationed at Hradǐstko, a part of which exploded in April 1945.
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2. The Medńık hill spot. This hill was mined since 1942 and the mined stone was used to build
communications to Závist and beyond. According to testimonies there is supposed to be a
network of passages and one tunnel approximately 500 m deep (mining tunnel) located in the
hill. Photos made by an unidentified photographer in 1942–43 show two entrances located at
the area of a current shooting training ground of the Interior Ministry of the ČSSR. Another
two entrances should be located in the hillside above Závist and one about 1 km east of
Závist.

3. The last possible hiding place location known to me is so called Bobk̊uv kopec hill spot,
where allegedly an entrance was constructed of su�cient dimensions that two horse riders
could enter riding side by side. It is also a place where around the end of April 1945 250–300
prisoners were shot. A factor favouring this location is that right next to it there were SS
barracks (now ČSLA barracks) from where it was possible to direct the hiding of such an
amount of explosives.

Regarding the valuables and written materials, these are not of such an interest today. They may
be found by accident when geologists or treasure seekers would “trip over them” by accident.

It would be sad though if they would first trip over the safety explosives. It is well known that the
Germans used to secure valuables in this way (see the so-called Štěchovice Archive).

Dear comrade Secretary General and President of the ČSSR, please accept once more my apology
for keeping you busy. But I don’t know what else to do to point out this grave danger.

Finally, please accept my heartfelt comradely greetings and best wishes for you to serve in the
highest Party and State capacities for many coming years full of health and vigor.

With comradely greetings,

Ryb́ın Jaroslav
SNB (National Security Corps) Lieutenant Colonel (ret.)
Awardee of medals For selfless work for socialism and
For securing friendship in arms I. degree and others

[See also:

Czech information on World War II sites (including Štěchovice) that appear to have radioactive
contamination: https://www.sekm.cz and https://kontaminace.cenia.cz

Evidence for underground structures and previous excavations at Štěchovice: Jaroslav Sveceny.
2005. The Search for Nazi Treasures III. Proposal for an Exploration Project and TV Documentary
Series. Prague. pp. 12–14. https://issuu.com/ptouge/docs/nazi treasures iii qxp

It is di�cult to find much information about the Blaumeise I–III underground facilities at Štěchovice
[Wichert 1999].

Much more archival and archaeological research should be conducted for this site.]
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[NARA RG 77, Entry UD-22A, Box 171, Folder 32.7003-3 GERMANY: US Wartime
Positive Int. (Nov. 44–June 45)]

OFFICE OF STRATEGIC SERVICES
WASHINGTON, D.C.

DISTRIBUTED 27 March 1945 DISSEMINATION NO. A-52702
COUNTRY Germany, Austria, and Protectorate ORIGINAL REPORT NO. B-1879, B-2040
SUBJECT Research Institutes; DATE OF REPORT 6, 15 March 1945

Alcohol EVALUATION F-3

CONFIRMATION
SOURCE Z SUPPLEMENT
SUB SOURCE CORRECTION

NUMBER OF PAGES 2
DATE OF INFORMATION 1 March 1945 ATTACHMENTS
PLACE OF ORIGIN Switzerland THEATRE

Research Institutes

1. According to informant, eight research institutes whose purpose is the development of V-
weapons, gases, bacteriological means of warfare, and atom smashing devices have existed or
are functioning in Germany and Austria. Their locations are as follows:

(a) Peenemünde (about 40 km northwest of Swinemünde)

(b) Tegernsee (about 50 km south-southeast of Munich)

(c) Schloss Hohenzollern at Sigmaringen

(d) A stone quarry near Lebestan (sic—this may be Lehesten, about 50 km west of Plauen)

(e) Tübingen. Nothing definite is known about this institute.

(f) Floridsdorf, in the northeastern portion of Vienna. The institute is now closed, and its
equipment is believed to have been moved to Tegernsee.

(g) Freiburg-im-Breisgau. The institute is now closed, and its equipment is believed to have
been moved to Sigmaringen.

OSS Washington Comment: According to another informant, the Schloss Hohenzollern men-
tioned is located about 20 km south-southwest of Tübingen, not at Sigmaringen. This may
be the missing eighth location.

Alcohol

2. A ball bearing factory in Hronow (about 130 km northeast of Prague) is adding alcohol to
the gasoline for starting and landing rocket planes and for the new ramming plane (Ramm-
flugzeug).

3. Alcohol is being distilled from wine for this purpose. It is expected that 2,000,000 liters will
be obtained from the Schlumberger Co. of Vöslau (30 km south-southwest of Vienna).
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Doc. No. 112, Subject: Waldow, Willi (27 September 1946). [NARA RG 319, Entry
A1-134A, Box 17, Folder XE 169886, Russian Deportation of German Scientists and
Technicians]

[...] Subject, while traveling between the Russian and American Zones on the 29th August 1946,
made the acquaintance of a Mr. BRUECKNER in the railroad station STASSFURT (M52/D66).
The conversation that took place consisted of BRUECKNER’s description of his recent forced
employment and subsequent escape from a Russian underground factory, located at SALZBERG-
WERKE (M52/D66) near STASSFURT. BRUECKNER, a German engineer, formerly engaged in
atomic research as early as 1934 stated that a group of between two or three thousand Germans with
scientific and technical backgrounds are being forcibly engaged at working on experiments dealing
with atomic energy pertaining to development of the atomic bomb, as well as rocket experiments
with the “V 2”. The site of this factory is supposedly that of a former German underground factory
used to manufacture special types of weapons during the war, located as SALZBERGWERKE.
According to Subject BRUECKNER further stated that despite his previous knowledge of atomic
energy, the work now being conducted is in an entirely new field.

Danish island of Bornholm

[Many 1945–1948 newspaper articles alleged that there was some sort of German nuclear work on
Bornholm island during the war, and that Soviet forces occupying the island after the war removed
material from that work:

Clearing of Bornholm: Germans Who Refused to Surrender. The Times (London, 15
May 1945).

Danes Seek Restoration of Communications. The Times (London, 18 May 1945).

Russians Believed Near Atom Secret. New York Times (15 October 1945 p. 4).

Russia Will Have Secret Soon. News Chronicle (15 October 1945 p. 1).

Russia Confident on Bomb. New York Times (31 October 1945 p. 6).

Atomic Energy May Be Behind Bornholm Mystery. Sydney Morning Herald (20 April
1946 p. 2).

Rich Uranium Ore on Danish Island Russia Evacuated. Spokane Daily Chronicle (16
March 1948 p. 6).

With advanced rockets under development at Peenemünde East, advanced aircraft under develop-
ment at Peenemünde West, biological weapons under development on Riems island, and apparent
nuclear tests carried out in the vicinity of the Baltic coast, it would make sense for some of the
nuclear development programs to be conducted on Bornholm or elsewhere in that general area.
Highly secretive and potentially dangerous military research projects seem to have been deliber-
ately clustered in this sparsely populated area around the Baltic coast, far from Allied forces in
both directions at the time that work was begun.

The following formerly secret Allied intelligence documents confirm that there were indeed nuclear
materials and programs on Bornholm.]
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C.S.D.I.C. (U.K.) S.R.G.G. 1118. [Recorded conversation of two German prisoners of
war held in the United Kingdom. AFHRA A5415 electronic pp. 284–285]

M 159—General der Panzertruppen Von THOMA (GOC German AFRIKORPS) Captd MIDDLE
EAST 4 Nov 42

CS/981 Generalleutnant KITTEL (Comd. METZ and Comd. 462 Volksgren. Div.) Captd METZ
22 Nov 44

Information received: 10 Jan 1945

TRANSLATION

KITTEL: (Re atom bomb). It’s a perfectly horrible thing.

THOMA: A technical man has written about it, saying the problem has been completely solved
theoretically, but that the process can’t be controlled(?).

KITTEL: That’s the question. At the passing-out parade of an o�cer’s course the FÜHRER—I
sent for one of the o�cers personally, for they were the ones who were at METZ—

THOMA: He’s lying. There’s absolutely no such thing as the atom business.

KITTEL: Unfortunately there is.

THOMA: Then he would have used it long ago.

KITTEL: No; he isn’t using it, because the others have promised to retaliate with chemical warfare.
[...]

THOMA: But there’s no such thing as an atom bomb.

KITTEL: The experiments with it are carried out on BORNHOLM; the island has been evacuated
and no-one may enter or leave the place.

THOMA: What do they do there?

KITTEL: They carry out their experiments there. Apparently they’ve got another trump card up
their sleeve.
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[Heinrich Kittel was a very high-ranking general in the German army and thus a valuable source
of information, including some information on the German nuclear program. He was captured by
Allied forces after being wounded at Metz, France, on 22 November 1944, so all of his knowledge
about German activities was very up-to-date as of this recorded conversation.

In contrast, General Wilhelm von Thoma had been captured in 1942 while fighting in North Africa,
so he had no firsthand knowledge of subsequent developments (and was skeptical of secondhand
reports).

Kittel’s comments suggest that he was aware of one or more successful atomic bomb tests prior to
his capture.

The atomic bomb seemed to be much more than an abstract concept to him. For example, he said
that:

• It was “a perfectly horrible thing.”

• It “unfortunately” existed.

• The decision had already been made not to use it (implying it was available to use) due to
Allied threats of retaliation by dropping mustard agent on German cities (see Section A.4.2).

If Kittel associated the atomic bomb most closely with Bornholm and seemed to believe that the
bomb had been tested, that suggests that the test(s) occurred either on Bornholm or somewhere
near Bornholm along the Baltic coast. That would be highly consistent with other information in
Sections D.10–D.11.]
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Lt. Col. S. H. Kirkland, Jr. 31 March 1948. Memorandum for Chief, Air Intelligence
Division. Subject: Daily Activity Report. [AFHRA A1036 electronic pp. 2211–2212,
frames 2238–2239]

[...]

Confirmation of Possibility of Uranium Deposits on Bornholm Island.

Uranium has been discovered on Danish owned island evacuated by the Russians two years ago. The
deposit is said to be huge, with estimates running up to 500,000 tons. A Copenhagen dispatch to
Svenska Dagbladet of Stockholm reports that the ore is contained in a granite outcropping running
about 60 miles into the earth; the exploitable upper part alone, however, should yield 5,000 tons
of uranium.

SOURCE: New York, 13 March 1948, NANA. Evaluation: B-2. CLASSIFICATION: (SECRET)

Strategic Vulnerability Branch Comment: The Strategic Vulnerability Branch has been able to un-
cover evidence* supporting the existence of radioactivity on the Danish island of Bornholm. The
island is completely radioactive. Not only the land mass, but the surrounding sea water, atmosphere
and local flora and fauna show radioactivity. The local inhabitants are large in stature, healthy and
robust. Their virility extends over a period much longer than normal. There have been many cases
of men 80 to 90 years old retaining their vigor.

This extraordinary radioactivity makes it highly probable that uranium exists on the island, possibly
in large quantities. It has been reported that the island is rich in radium and thorium. This would
indicate that a uranium deposit of 5,000 tons may actually exist on the island. Bornholm was
evacuated by the Russians in 1946. It is situated within an area of Soviet pressure.

Reference: Item of Interest of 16 March 1948. *Source: Biology of Radium and Uranium published
by Czech Radiological Institute, Prague 1932. (Mr. Rosenzweig, Ext. 71911).

[Just exactly what nuclear work was conducted on Bornholm by the Germans during the war, and
what was removed by the Russians after the war?

Although the idea (apparently from the 1932 source) that natural radioactivity can promote health
is now laughably outdated, the above document confirms that scientists knew there was significant
radioactivity on Bornholm both before and after World War II. If Bornholm’s radioactivity was
known by scientists in Prague in 1932, that information might be one factor that attracted German
interest in the island during the war. If there were uranium or thorium deposits, Germany may
have mined them during the war.

If Bornholm was known to have elevated levels of radioactivity after the war, were those due to
the mining of natural deposits, wartime work on enriching uranium or breeding plutonium on the
island, or wartime tests of nuclear explosives on or near the island?]
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Werner Grothmann on enrichment of U-235 [Krotzky 2002]. For a discussion of the
background and reliability of this source, see p. 3120.

[S. 6] Ich weiß allerdings nicht, woher das
Material kommen sollte, denn unsere eigene
Anlage im Erzgebirge lief ja auch erst ganz
kurz und lieferte nur sehr wenig, wie ich hörte.

[S. 32] Die erste Schwierigkeit bestand in
der Herstellung des Materials, also des
Sprengsto↵es. Das hat sich bis wenige Monate
vor Kriegsende auch nicht drastisch verbessern
lassen. Erst für 1946 rechneten wir eigentlich
mit der Serienproduktion von Atombomben.

[S. 33] Auch ich habe manches erst sehr
spät erfahren und einiges auch erst nach
dem Krieg. Zum Beispiel die Sache mit der
Anreicherung. Es stimmt wirklich, dass die
Reichspost 1944 die großtechnische Tren-
nung der erforderlichen Substanzen für die
Bombenfabrikation hinbekommen hat. Es war
von Ardennes Verdienst. Die Einrichtung, wo
das lief, lag weit außerhalb Berlins und ist
vermutlich nach Kriegsende unter russischer
Aufsicht noch eine Weile weiterbetrieben
worden. Später hat man angeblich die Anla-
genteile abgebaut und in den Osten gebracht.
Vielleicht stehen die heute noch irgendwo
herum. Die Tarnung für diese Anlage war
hervorragend, weil sie trotz ihrer enormen
Größe nicht au�el. Das Beste war aber, dass
überhaupt kein großer Personalaufwand be-
trieben werden musste. Das erzeugte Material
war aber nur für die Reichspostforschung
vorgesehen. Diebner hatte seine—ebenfalls
begrenzten—Quellen und wir konnten für
unsere Projekte kurz vor Kriegsende auch auf
eigene Anlagen zurückgreifen, die aber auch
noch lange nicht soviel liefern konnten, wie wir
damals wünschten. Die gesamten Mengen kann
ich nicht nennen, sie waren nicht umwerfend.

[p. 6] However, I do not know where the
material came from, because our own plant
in the Erzgebirge ran only very briefly and
delivered very little, as I heard.

[p. 32] The first di�culty lay in the pro-
duction of the material, the explosive. That did
not improve dramatically until a few months
before the end of the war. We did not expect
mass production of atomic bombs until 1946.

[p. 33] I also learned many things very
late, and some things only after the war. For
example, the matter of enrichment. It is true
that in 1944 the Reichspost achieved the great
technical separation of the necessary substances
for the bomb production. It was thanks to Ar-
denne. The facility where it ran was far outside
of Berlin and probably continued to operate for
a while after the end of the war under Russian
supervision. Supposedly they later dismantled
the plant parts and brought them to the east.
Maybe they are still around somewhere today.
The camouflage for this plant was outstanding
because it did not attract attention despite its
enormous size. The best thing, however, was
that a large workforce was not necessary. The
material produced was, however, intended only
for Reichspost research. Diebner had his—also
limited—sources, and we were able to use our
own equipment for our projects shortly before
the end of the war, but they could not deliver
as much as we wanted then. I cannot name the
total quantities; they were not overwhelming.
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[S. 36] Frau Beinhorn hat ihn uns empfohlen,
weil der rund um die Uhr arbeiten konnte und,
wie es schien, nie müde wurde. Diebner hat
ihn mal [deshalb] als das wandelnde schlechte
Gewissen seiner Kollegen bezeichnet. Schwiet-
zke hat [...] auf die Frage nach dem Energiebe-
darf für eine bestimmte Anlage gesagt, das, was
wir da reinstecken, bekommen wir bald hun-
derttausendfach zurück.

[p. 36] Mrs. Beinhorn recommended him to us
because he could work around the clock and,
as it seemed, never become tired. Diebner once
[therefore] described him as the walking guilty
conscience of his colleagues. Schwietzke said
[...], when asked about the energy requirements
for a particular installation, that what we put
in there will soon come back a hundred thou-
sandfold.

[Grothmann stated that he knew very little about where or how enriched uranium was produced,
but he gave several important clues:

• The Reichspost had at least one U-235 enrichment facility that was located “far outside
Berlin.” For security, that facility would likely not be part of some other facility, but for
convenience, it might be located near another relevant facility. Most uranium ore in Germany
was processed at Auer in Oranienburg, approximately 35 km north of Berlin, so that is
one possible location. The Reichspost had major research facilities in Miersdorf (now part
of Zeuthen) approximately 22 km southeast of Berlin, Kleinmachnow 19 km southwest of
Berlin, and Manfred von Ardenne’s mansion in Lichterfelde approximately 12 km southwest
of central Berlin, so those are other possible locations [Zeman and Karlsch 2008, p. 12].
Grothmann said that the enrichment facility used von Ardenne’s designs, which suggests
that it was electromagnetic enrichment similar to the U.S. calutrons at Oak Ridge. (Von
Ardenne was an expert on electromagnetic manipulation of charged particles in electron
microscopes and television picture tubes, and is known to have designed electromagnetic
enrichment devices.) The facility was noteworthy for its “enormous size,” which also suggests
electromagnetic enrichment; uranium ions are separated out in low-density ion beams that
travel up to several meters each, so hundreds of such bulky machines might be required to
function in parallel. This facility became fully operational no later than 1944, or 1943 if it
supplied fuel for what Grothmann said was a failed autumn 1943 test in the North Sea.

• The SS had at least one U-235 enrichment facility in the Erzgebirge region, but Grothmann
did not provide any clues about what enrichment method(s) it used. This region was heavily
mined for uranium by the Russians after the war. If the SS chose to locate an enrichment
facility there, it suggests that Germans were mining uranium there during the war.

• Werner Schwietzke apparently designed and promised great returns from a special installation;
he is known to have spent the war developing uranium gas centrifuges with Werner Holtz for
the Army Ordnance O�ce [p. 3174].

• Kurt Diebner had sources of enriched uranium that were independent of the Reichspost and
SS facilities, but Grothmann did not elaborate. Those might be (1) Schwietzke’s centrifuges,
(2) centrifuges in the Hamburg/Kiel area managed by Paul Harteck, Wilhelm Groth, and
Konrad Beyerle, (3) the “isotope sluice,” a centrifuge-like device developed by Diebner’s close
collaborator Erich Bagge, and/or (4) presently unknown additional sources.

It is important to find more information about all of these uranium enrichment facilities. It is also
possible that there were other important enrichment facilities that Grothmann did not know about
or did not mention in the interviews.]
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D.5 Fission Reactors for Breeding Pu-239 and/or U-233

[Ludwig Bewilogua (German, 1906–1983), Kurt Diebner, Paul Harteck, Otto Haxel (German, 1909–
1998), and many others worked in teams trying to develop fission reactors suitable for breeding
plutonium-239 from natural uranium-238 or uranium-233 from natural thorium-232. Two reactors
were on the brink of criticality by the end of the war, and there is some evidence that other reactors
may have actually become operational during the war.

This section covers:

D.5.1. Scientific knowledge about breeding Pu-239 and U-233.

D.5.2. Known and suspected fission reactors.

For breeding using particle accelerators (electronuclear breeding), see Section D.6.]

D.5.1 Scientific Knowledge About Breeding Pu-239 and U-233

[The following documents demonstrate the knowledge of scientists in Germany:

• By 1934, scientists knew that element 94, or plutonium-239, could be produced and purified
(p. 3339).

• No later than 1940, scientists understood that plutonium-239 could be used to create a bomb
(pp. 3340–3358).

• During the war, scientists also understood that uranium-233 could be produced and used to
create a bomb (pp. 3359–3360).]
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Ida Tacke Noddack [Noddack 1934]

Man kann ebensogut annehmen, daß bei dieser
neuartigen Kernzertrümmerung durch Neutronen
erheblich andere “Kernreaktionen” stattfinden,
als man sie bisher bei der Einwirkung von
Protonen- und ↵-Strahlen auf Atomkerne
beobachtet hat. Bei den letztgenannten Be-
strahlungen findet man nur Kernumwandlungen
unter Abgabe von Elektronen, Protonen und
Heliumkernen, wodurch sich bei schweren Ele-
menten die Masse der bestrahlten Atomkerne
nur wenig ändert, da nahe benachbarte Ele-
mente entstehen. Es wäre denkbar, daß bei der
Beschießung schwerer Kerne mit Neutronen diese
Kerne in mehrere größere Bruchstücke zerfallen,
die zwar Isotope bekannter Elemente, aber nicht
Nachbarn der bestrahlten Elemente sind.

[...A]us dem �-strahlenden Element 93 das
Element 94 entstehen müßte. Dieses Element
sollte man verhältnismäßig leicht chemisch von
93 trennen können.

One could assume equally well that when
neutrons are used to produce nuclear dis-
integrations, some distinctly new nuclear
reactions take place which have not been
observed previously with proton or alpha-
particle bombardment of atomic nuclei. In
the past one has found that transmutations
of nuclei only take place with the emission of
electrons, protons, or helium nuclei, so that
the heavy elements change their mass only a
small amount to produce near neighboring
elements. When heavy nuclei are bombarded
by neutrons, it is conceivable that the nu-
cleus breaks up into several large fragments,
which would of course be isotopes of known
elements but would not be neighbors of the
irradiated element.

[...B]eta decay of element 93 would pro-
duce element 94. It should be relatively easy
to separate this chemically from element 93.

G-55. Josef Schintlmeister and Friedrich Hernegger. Concerning a Heretofore Un-
known Alpha Emitting Chemical Element. June 1940.

Mit diesen Konzentraten wird gegenwärtig das
chemische Verhalten des neuen Elementes weiter
erforscht. Seine bisher festgestellten chemischen
Eigenschaften ermöglichen übrigens bereits eine
weitgehende Anreicherung, prinzipiell sogar schon
die Reindarstellung. Sie können unserer Au↵as-
sung nach nur so gedeutet werden, dass ein Eka-
Osmium (Ordnungszahl 94) oder allenfalls ein
Eka-Rhenium (Ordnungszahl 93) vorliegt.

With these concentrates, the chemical be-
havior of the new element is currently being
researched further. Incidentally, its chemical
properties that have hitherto been determined
already make it possible to enrich it exten-
sively, and in principle, even to purify it. In
our opinion, they can only be interpreted as
having an eka-osmium (element 94) or at least
an eka-rhenium (element 93) present.



3340 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

G-59. Carl Friedrich von Weizsäcker. The Possibility of Obtaining Energy from U238.
17 July 1940. [See pp. 3342–3347.]

[...] 238U durch thermische Neutronen [...] Das
erste Neutron erzeugt das Isotop 239U, das
nach Hahn in 23 Minuten zerfällt. Dabei muss
239Eka-Re entstehen. Im folgenden wird die
Wahrscheinlichkeit der Entstehung und der
Spaltbarkeit dieses Kerne geprüft. [...]

Dieses Eka-Re kann dann in dreifacher
Weise verwendet werden:

1. zum Bau sehr kleiner Maschinen

2. als Sprengsto↵

3. durch Beimischung zur Umwandlung
anderer Elemente in grossen Mengen.

[...] 238U by thermal neutrons [...] The first
neutron produces the isotope 239U, which
according to Hahn decays in 23 minutes. That
must produce 239Eka-Re [a new element]. In the
following, the probability of the creation and
the fissionability of these nuclei is examined. [...]

This Eka-Re can then be used in three
ways:

1. to build very small reactors

2. as an explosive

3. by mixture for the conversion of other
elements in large quantities.

Carl Friedrich von Weizsäcker. 1941. Energieerzeugung aus dem Uranisotop der Masse
238 und anderen schweren Elementen (Herstellung und Verwendung des Elements 94).
6 June 1941. [AMPG 7314; Karlsch 2005, pp. 320–324]

Patentansprüche.

1. Verfahren zur Energieerzeugung aus 238U,
dadurch gekennzeichnet, daß 238U mit zwei
thermischen Neutronen beschossen wird,
wodurch zunächst über �-Zerfälle ein Element
94 der Masse 239 entsteht, das durch das zweite
Neutron eine Kernspaltung erfährt, bei der
sowohl eine ungeheure Energie abgegeben wird,
als auch neue Neutronen und Kerne entstehen.

2. Verfahren zur Energiegewinnung aus 238U
nach Anspruch 1, dadurch gekennzeichnet, daß
die zur Umwandlung größerer Mengen des 238U
in Element 94 notwendigen Neutronen in einer
“Uranmaschine” erzeugt werden.

Patent claims.

1. Method for the production of energy from
238U, characterized in that 238U is bombarded
with two thermal neutrons, whereby after beta
decays forms an element 94 with mass 239,
which by the second neutron experiences a
nuclear fission, in which both a tremendous
energy is released, as well as new neutrons and
nuclei arise.

2. The method for generating energy from
238U according to claim 1, characterized in
that the neutrons necessary to convert large
quantities of the 238U into element 94 are
generated in a “uranium machine.”
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3. Verfahren zur Energieerzeugung aus 238U
bzw. Element 94 nach Anspruch 1, dadurch
gekennzeichnet, daß das durch Neutrone-
nanlagerung erzeugte Element 94 durch
bekannte chemische Verfahren von dem
verbleibenden Uran abgetrennt wird und dann
in reiner bzw. geeignet wählbarer Konzentra-
tion verwendbar vorliegt.

4. Verfahren zur Energieerzeugung und
Neutronenproduktion aus schwer spaltbaren
schweren Kernen (z.B. 238U, Thorium, Blei,
Bismut etc.), dadurch gekennzeichnet, daß das
nach Anspruch 3 erhaltene Element 94 diesen
Elementen in geeigneter Menge zugesetzt wird,
so daß sie einen autokatalytischen Spaltprozess
durch Neutronen durchmachen können, bei
dem Energie erzeugt wird und neue Atomkerne
entstehen.

5. Verfahren zur explosiven Erzeugung von
Energie und Neutronen aus der Spaltung des
Elements 94, dadurch gekennzeichnet, daß das
nach Anspruch 3 hergestellte Element 94 in
solcher Menge an einen Ort gebracht wird, z.B.
in eine Bombe, daß die bei einer Spaltung
entstehenden Neutronen in der überwiegenden
Mehrzahl zur Anregung neuer Spaltungen
verbraucht werden und nicht die Substanz
verlassen.

6. Verfahren zur Erzeugung sehr kleiner
handlicher Maschinen zur Gewinnung von
Kernenergie und von Neutronen, z.T. nach
Anspruch 3 and 4 und unter Zugrundelegung
der Kenntnisse über eine “Uranmaschine”,
dadurch gekennzeichnet, daß man nur so viel
Element 94 an einem Ort vereinigt, (u.U. nach
Beimischung geeigneter, neutronenbremsender
und/oder absorbierender Zusatzelemente)
daß Explosionen vermieden werden, und die
Energieabgabe kontinuierlich erfolgt.

3. The method for generating energy from the
element U or element 94 according to claim
1, characterized in that the neutron-produced
element 94 is separated from the remaining
uranium by known chemical methods, and
then is available in pure or suitably selected
concentration.

4. Method for the production of energy
and neutron production from heavy fissionable
nuclei (for example, 238U, thorium, lead, bis-
muth, etc.), characterized in that the element
94 obtained according to claim 3 is added to
these elements in a suitable amount, so that
they can undergo an autocatalytic fission pro-
cess by neutrons, in which energy is generated
and new atomic nuclei are formed.

5. Method for the explosive generation of
energy and neutrons from the fission of the
element 94, characterized in that the element
94 produced according to claim 3 is brought
to a location in such an amount, e.g. in a
bomb, that the vast majority of the neutrons
produced during each fission event are used to
produce new fission events and do not leave the
substance.

6. Process for the production of very small,
handy machines for obtaining nuclear energy
and neutrons, in part according to claims 3
and 4, and on the basis of the knowledge of a
“uranium machine,” characterized in that one
brings together only so much element 94 in one
place (depending on the admixture of suitable,
neutron-slowing and/or absorbing additional
elements) that explosions are avoided and the
energy is discharged continuously.
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Figure D.139: Carl Friedrich von Weizsäcker’s July 1940 report explaining the feasibility of breeding
plutonium-239 and using it to make fission bombs. [G-59].
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Figure D.140: Carl Friedrich von Weizsäcker’s July 1940 report explaining the feasibility of breeding
plutonium-239 and using it to make fission bombs. [G-59].
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Figure D.141: Carl Friedrich von Weizsäcker’s July 1940 report explaining the feasibility of breeding
plutonium-239 and using it to make fission bombs. [G-59].
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Figure D.142: Carl Friedrich von Weizsäcker’s July 1940 report explaining the feasibility of breeding
plutonium-239 and using it to make fission bombs. [G-59].
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Figure D.143: Carl Friedrich von Weizsäcker’s July 1940 report explaining the feasibility of breeding
plutonium-239 and using it to make fission bombs. [G-59].
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Figure D.144: Carl Friedrich von Weizsäcker’s July 1940 report explaining the feasibility of breeding
plutonium-239 and using it to make fission bombs. [G-59].
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G-94. Fritz Houtermans. Zur Frage der Auslösung von Kern-Kettenreaktionen. August
1941. Same as report G-267. [See pp. 3350–3357.]

[U.S.-created English abstract:] Brief summary covering the following aspects: Analysis of the fac-
tors which prevent nuclear fission. Possibility of fission with fast neutrons. Fission with thermal
neutrons. Need for enrichment of U235. Di�culty and expense of isotope separation. Moderators:
D2O, beryllium or beryllium oxide, carbon. E↵ect of temperature on absorption of thermal neutrons.
Possibility of chain reaction with natural isotope mixtures of U at low temperatures. Calculations
for critical mass. Although di�culty of getting economical power from lower temperature pile, there
are other gains possible, e.g., radioisotopes; formation of 239 isotope, which is also subject to fission
by thermal neutrons.

[Excerpts:]

[I.] Kernspaltung wurde bisher bekanntlich an
den Atomkernen U238, U235, Th232, Pa231 und
Jo230 beobachtet. Kernspaltung kann durch
geladene Teilchen (Protonen oder Deuteronen)
einer Energie von etwa 5–6 MeV, �-Quanten
einer Energie der gleichen Größenordnung und
durch Neutronen ausgelöst werden. [...]

[VII.] Vergleichen wir etwa die Neutronen-
ergiebigkeit einer solchen Apparatur mit der
besten bisherigen Neutronenquelle, einem
Zyklotron, so zeigt sich leicht, daß eine
solche Anlage mit einer Menge natürlichen
Urangemischs von ca. 1 t der Leistung von
etwa 104 bis 105 Zyklotrons entspricht. [...]

Denn bei allen denkbaren Apparaturen,
die eine Kettenreaktion an isoliertem U235

gestatten, würde ja nur 1/139 der gesamten
zur Verfügung stehenden Uranmenge als
“Brennsto↵” oder “Explosivessto↵” benutzt
werden, während bei der Isotopentrennung
auch für die unverwertbaren Mengen von U238

Energie aufgewandt werden muß.

[I.] Nuclear fission has been observed to date
for the atomic nuclei U238, U235, Th232, Pa231

and Jo230. Nuclear fission can be triggered
by charged particles (protons or deuterons)
with an energy of approximately 5–6 MeV, �
photons with an energy of the same magnitude,
and by neutrons. [...]

[VII.] If, for example, we compare the neutron
yield of such a reactor with the best previous
neutron source, a cyclotron, it is easy to see
that such a reactor, with a quantity of natural
uranium mixture of about 1 ton, has a power
of about 104 to 105 cyclotrons. [...]

For all conceivable devices that permit a
chain reaction with purified U235, only 1/139
of the total available uranium would be used
as “fuel” or “explosive”, while during isotope
separation, impractical amounts of energy must
also be expended on U238.
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Um diesen Punkt näher zu verstehen, müssen
wir uns die Frage stellen, was aus denjenigen
Neutronen wird, die bei der hier behandelten
Kettenreaktion (U–schwere Bremssubstanz
bei tiefer Temperatur) entstehen und nicht
nach außen entweichen. Wir sehen oben,
daß durch Ausschaltung der Neutronen-
einfangung durch den Wassersto↵ der einzig
noch vorhandene Konkurrenzprozess, der in
der Tat einen großen Teil der Neutronen
schluckt, die Resonanzeinfangung des U238

ist. Bei dieser Resonanzeinfangung entsteht
bekanntlich zunächst der 23 min-Körper,
ein U239

92 , aus dem durch �-Zerfall zunächst
Ek-Re23993 entsteht, das wahrscheinlich selbst
wieder �-aktiv ist und einem weiteren Körper
der (4n+3)-Reihe liefert. [...] Im letzteren
Falle aber muß das entstehende langlebige
Isotop des Atomgewichts 239 selbst wieder
Thermospaltung zeigen. [...] Jedes Neutron,
das anstatt an U235 Spaltung zu bewirken von
U238 eingefangen wird, scha↵t also einen neuen,
durch thermische Neutronen spaltbaren Kern.
Wir können daher eine Apparatur, die es ge-
stattet, mit einem Energieumsatz an wägbaren
Mengen U235 die Kettenreaktion ablaufen
lassen, gleichzeitig als eine Isotopenumwand-
lungsapparatur ansehen. Der Vorteil gegenüber
einer Isotopentrennungsapparatur ist aber der,
daß das neugescha↵ene Produkt, das ja eine
Kernladung von 93 oder mehr hat, chemisch
nicht mehr mit dem Uran identisch und da-
her mit gewöhnlichen chemischen Methoden
abzutrennen ist. Da nun viel größere Mengen,
nämlich das 139fache an U238 zur Verfügung
stehen, so ist die Verwertbarmachung desselben
als “Brennsto↵” für eine Kettenreaktion ein
für unsere Themenstellung viel wichtigerer
Vorgang, als die Isotopentrennung, die bloß
das U235 zu verwerten gestattet.

Für die Anregung zu dieser Arbeit und
deren Ermöglichung danke ich Baron Manfred
von Ardenne.

To understand this point in more detail, we
have to ask ourselves what will become of
the neutrons that are formed during the chain
reaction (U-moderator at low temperature) and
do not escape to the outside. We see above that
by eliminating neutron capture by hydrogen,
the only competitive process that actually
absorbs a large portion of the neutrons is the
resonance capture by U238. This resonance
capture is known to produce the 23-minute
nucleus, U239

92 , for which � decay results in
Ek-Re23993 , which is likely to be �-active again
and produces another (4n+3)-type body. [...] In
the latter case, however, the resulting long-lived
isotope of atomic weight 239 must again be
fissionable by thermal neutrons. [...] Every
neutron which, instead of fissioning U235, is
captured by U238 creates in this way a new
nucleus, fissionable by thermal neutrons. We
can therefore regard an apparatus that allows
the chain reaction to proceed with an energy
conversion of measurable amounts of U235 as an
isotope conversion apparatus. The advantage
over an isotope separation apparatus, however,
is that the newly created product, which indeed
has a nuclear charge of 93 or more, is no longer
chemically identical to uranium and therefore
can be purified by ordinary chemical methods.
Since much larger quantities are available,
namely 139 times more U238, the utilization of
it as “fuel” for a chain reaction is a much more
important process for our topic than isotope
separation, which only allows U235 to be used.

For suggesting this work and making it
possible, I thank Baron Manfred von Ardenne.
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Figure D.145: The August 1941 report by Fritz Houtermans (working in collaboration with Manfred
von Ardenne) explaining the feasibility of breeding plutonium-239 and using it to make fission
bombs. [G-94].
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Figure D.146: The August 1941 report by Fritz Houtermans (working in collaboration with Manfred
von Ardenne) explaining the feasibility of breeding plutonium-239 and using it to make fission
bombs. [G-94].
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Figure D.147: The August 1941 report by Fritz Houtermans (working in collaboration with Manfred
von Ardenne) explaining the feasibility of breeding plutonium-239 and using it to make fission
bombs. [G-94].
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Figure D.148: The August 1941 report by Fritz Houtermans (working in collaboration with Manfred
von Ardenne) explaining the feasibility of breeding plutonium-239 and using it to make fission
bombs. [G-94].
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Figure D.149: The August 1941 report by Fritz Houtermans (working in collaboration with Manfred
von Ardenne) explaining the feasibility of breeding plutonium-239 and using it to make fission
bombs. [G-94].
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Figure D.150: The August 1941 report by Fritz Houtermans (working in collaboration with Manfred
von Ardenne) explaining the feasibility of breeding plutonium-239 and using it to make fission
bombs. [G-94].
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Figure D.151: The August 1941 report by Fritz Houtermans (working in collaboration with Manfred
von Ardenne) explaining the feasibility of breeding plutonium-239 and using it to make fission
bombs. [G-94].
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Figure D.152: The August 1941 report by Fritz Houtermans (working in collaboration with Manfred
von Ardenne) explaining the feasibility of breeding plutonium-239 and using it to make fission
bombs. [G-94].
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[German reports captured by the U.S. Alsos Mission also show that there was wartime work on
chemical methods for processing irradiated fission fuel and purifying di↵erent components from it.
Unless otherwise noted, text for G-series captured German nuclear reports cited here consists of
the English-language abstracts prepared by American scientists who studied the German reports.]

G-259. Otto Hahn and Fritz Strassmann. The Chemical Separation of Elements and
Atomic Species Produced by Uranium Fission (General Part). 1944.

Introductory considerations on separation of U fission products are given. Extraction of U as nitrate
is possible if amounts larger than several 100 g are irradiated, the other method is more advisable
for amounts smaller than that: three methods are proposed for extraction of the remaining smaller
amounts of U from the fission products, separation of the U as sodium pyrouranate by precipitation
with a solution of caustic soda, precipitation by ammonium to ammonium pyrouranate, dissolv-
ing of this by surplus ammonium carbonate to uranium carbonate, and precipitation as sodium
uranylacetate.

G-260. Otto Hahn and Fritz Strassmann. Chemical Separation of Uranium Fission
Products. Halogens, Rare Gases, Earth Metals and Alkaline Earth Metals. 1944.

Distillation methods, precipitation by Ag ions, and solvent extraction for I and Br separation
are reported in detail. Indirect identification of Xe and Kr proved less reliable than their direct
identification in specially constructed counting tubes. Di↵erent tubes and methods of operation are
illustrated. Indirect identification of halogens by determination of noble gases formed by halogen
decay are given for Rb and Cs, Sr and Ba. Detailed extraction methods for the single elements
are given for Zr, Nb, Mo, Tc, Sn, Sb, Te, Se, As, Ge, Ga, Zn, Co, and Ni. Isotopes intermediary
between Br35 and Br39 could not be identified. A procedure to separate all fission products from a
single sample of irradiated U concludes the report.

G-111. Josef Schintlmeister. The Placing in the Periodic Table of the Element with
Alpha Rays of 1.8 cm Range. 1941.

See reports G-55 and G-112 for chemical identification of this element. Element can be atomic
number 93 or 94 but its alpha decay energy and stability as regard beta decay shows it is not 93.
It mass number is most likely 244 but it could be 246, or 242. This can be determined, for 244 and
242 can be split by thermal neutrons while 246 will require faster neutrons.

This element is precipitated by H2S from strongly acid solutions and it does not form compounds
in strongly oxidizing solutions (HNO3 and H2SO4).

G-112. Josef Schintlmeister and Friedrich Hernegger. Further Chemical Investigation
of an Element with Alpha Rays of 1.8 cm Range. 1941.

Some chemical properties of new element. Ammonia and sodium hydroxide precipitate about half
the element. Carbonate precipitates it quantitatively. In distillation with nitric acid or hydrochloric
acid the element is not distilled, but with sulfuric acid a high percentage of the element is distilled
over. Hydrogen sulfide precipitates it quantitatively from strong acid solutions. Other chemical
properties listed.
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[The following document demonstrates that scientists in Germany understood how to convert Th-
232 to make a U-233 bomb.]

Fritz Houtermans, How to use thorium for nuclear energy from fission. 3 September
1945. Typographical errors in the original document have been retained below. [NARA
RG 77, Entry UD-22A, Box 173, Folder 60.22-1 RUSSIA: Research—TA (43–Jun 46)]

How to use Thorium for nuclear energy from fission.

Take pure thorium or thoriumoxide, mix to it some U 235 or Pu 239 separated from U238. The
amount of U235 or 239 necessary will presumably be lower than 0.7%, because resonance capture
in Th seems to be stronger than in U238. By neutron capture Th233 is formed. The mixture should
be such that in heavy water, possibly also in metallic beryllium, or even BeO, or in graphite the
chain reaction is just started, retarded only by resonance capture of Th232. It may be that the
chain reaction will work only at low temperatures, if the width of the Th-resonance capture is given
by Doppler-broadening. This will be true especially, the heavier the material is for slowing down
the neutrons, i.e for graphite. It might be necessary to cool away even at low temperatures the
energy released by the chain reaction, but any neutron lost will form an atom of Th 233, which
decays with T=23 min to Pa 233, a body known to emit �-rays also and to decay into U 233. U 233
seems to have rather a long half life, and may be ↵-active. But from general considerations similar
to those of Bohr-Wheeler, I should be rather think that U 233 has a fission treshold low enough
that thermal neutrons will be able to make thermofission. Since you get weighable quantities of
neutrons from the chain reaction in the separeted isotope U235 or 239 you will thus be able to
enrich either U 233 to such an extent, that the chain reaction will start at normal temperatures or
else to separete U 233 chemicall from the thorium mixture and use it as U235 or 239 as fuel for the
machine.

September 3rd, 1945 F.G. Houtermans

P.S. by Gerard P. Kuiper, Frankfurt-Hochst, 7 Sept., 1945.

This is Prof. Houtermans’ prediction of how the Russians will make the atomic bomb. No copy
of it has been made; this is the original. If any “profit” or “credit” will result from his proposal
its author requests that the benefits will go to his wife, Mrs. Houtermans, Physics Department,
Radcli↵e College, Cambridge, Mass.

Gerard P. Kuiper

Alsos Mission

G2, HQ, USFET
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F. A. C. Wardenburg. Interrogation of Dr. Ing. Ernest Nagelstein. 2 November 1944.
[NARA RG 77, Entry UD-22A, Box 169, Folder 32.7002 GERMANY—ALSOS MIS-
SION Administrative Matters (1940–1945)]

[...] The atomic bomb is made of either thorium or uranium, Nagelstein is not sure which. He was
told by Doering, however, that Auer is making metal thorium and no uses of thorium in the metallic
state are known. [...]

S.A. Goudsmit and F.A.C. Wardenburg. 17 October 1944. Subject: Thorium Products
taken to Auer Gesellschaft, Germany. [AFRHA A5189 frame 0018]

The following information was obtained from M. Paul Gregory, acting Director of the Societé des
Terres Rares, 67, Rue de Preny, Paris (17o).

During the occupation the company was under the supervision of employees of the Auer Gesellschaft.
The president of Auer, Dr. Quadebert [???], visited Paris occasionally. The man in direct charge of
all Auer interests in occupied territory was Dr. Ihwe, who did much travelling.

The Germans showed at first only mild interest in Thorium. They did buy various rare earth
compounds, probably for use in colored glasses. Early in 1944, however, they requisitioned all
available Thorium sufate, namely about 95 tons. They took 85 tons, but left 10 tons for the French.
During the occupation they had acquired about 850 tons of monazite, which is equivalent to about
86 tons of Thorium oxide.

The sudden interest in Thorium products is unusual, according to M. Gregory. He stated that
is considered as a waste product in rare earth production. He claimed not to understand what
the Germans wanted it for. (Dr. Blumenfeld, the director of the company, now in New York, had
previously called our attention to the use of Thorium oxide in the Fischer-Tropsch process).

BIOS 675. The Production of Thorium and Uranium in Germany.

Metallic thorium and uranium were produced on a large scale in Germany by the reduction of their
respective oxides with calcium using a calcium chloride flux. The major part of the production
during the war came from Werk II of the Deutsche Gold- und Silber-Scheide-Anstalt (Degussa)[...]

Thorium oxide was supplied by Auer Gesellschaft, Berlin, which had large stock piles of Monazite
sand, i.e., an enriched sand consisting mostly of Monazite, Magnetite, Zirconia, Thoria and Quartz.
After reduction of the oxide, the thorium metal was returned to Auer Gesellschaft or in some cases
sent under their control directly to the consumers[...] The uranium ore was coming from Czecho-
Slovakia and Belgium Congo and was supplied from their stock piles by the Auer Gesellschaft for
reproduction. [...]

Raw calcium, obtained under the form of large ingots, was melted under special conditions to obtain
a pure metal free from oxide or nitride contamination. [...]
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D.5.2 Known and Suspected Fission Reactors

[Pu-239 or U-233 could have been bred in a fission reactor. Np-237 [Sanchez et al. 2008] could also
have been bred in a reactor (e.g., by knocking a neutron out of U-238), although it probably would
have been more di�cult to produce in quantity than Pu-239 or U-233 [Benedict et al. 1981].

There is evidence for several potential reactors in German-controlled territory, and one or more of
those reactors may have been operational during the war (see map in Fig. D.153):

1. The reactor of Werner Heisenberg’s group, first located at the Kaiser Wilhelm Institute for
Physics in Berlin-Dahlem, and later moved to Haigerloch (pp. 3364–3370). This is by far the
best known of the German fission reactors. With proper support and operation, it could have
achieved criticality (a self-sustaining neutron chain reaction) during the war, but it never did
[Goudsmit 1947; Groves 1962; Irving 1967; Pash 1969; Powers 1993; Walker 1989].

2. The reactor of Kurt Diebner’s group, first located at Gottow/Kummersdorf, and later moved
to Stadtilm (pp. 3371–3384). According to o�cial histories, this reactor never achieved criti-
cality during the war. In fact, there is some evidence that it may have achieved criticality in
late 1944 in Gottow, and/or in March 1945 in Stadtilm [Karlsch 2005].

3. A reactor built and operated by the SS, likely in an underground facility in Thuringia, that
was reported to have been operational in March 1945 (pp. 3381–3384).

4. A possible reactor and fuel reprocessing facility in the Bergkristall tunnel complex at St.
Georgen/Gusen near Linz, Austria, that may have been operational during the war (pp.
3385–3425 and 4011–4019).

5. A possible reactor at Unterraderach near Friedrichshafen (on the coast of the Obersee Bo-
densee) that was reported to have been operational in 1944 (pp. 3426–3427).

6. A possible reactor at an underground facility in Berlin-Lichterfelde that was reported to have
been operational in 1944 (p. 3430).

7. “Atomic reactors” that were reportedly located in East Prussia and that may have been
operational during the war (p. 3431).

8. A tightly guarded, heavy concrete installation at the I.G. Farben Leverkusen plant that might
have been a fission reactor (pp. 3437–3438).

9. Other possible sites for fission reactors (p. 3439)?
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If one or more fission reactors were functioning during the war, that could help explain the high
priority that Germany placed on producing heavy water (an excellent neutron moderator for fission
reactors) at numerous locations (p. 3484).

The Soviet Union demonstrated its first fission reactor (F-1) on 25 December 1946, only about 12
months after its captured German nuclear scientists were able to begin setting up the captured
German nuclear materials (including at least 300 tons of German-produced uranium oxide, which
fueled both F-1 and the larger second Soviet reactor for breeding Pu-239). If German scientists and
German materials accomplished that feat so quickly after starting over in the Soviet Union after
the war, they certainly could have done it in German territory during the war.

In addition to the potential reactors listed above, there were also a few small, subcritical fission
piles that appear to have been used purely for experimental purposes, such as those built by Robert
Döpel’s team in Leipzig and Paul Harteck’s team in Hamburg.]
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Figure D.153: Sites of known or suspected reactors for the German nuclear program.
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1. The fission reactor of Werner Heisenberg’s group

G-371. Alvin M. Weinberg and Lothar W. Nordheim. Memorandum on the State of
Knowledge in Nuclear Science Reached by the Germans in 1945. 8 November 1945.
[Note: Despite being listed in the G-series, this was a United States report analyzing
some of the German reports. “P-9” was the U.S. codename for heavy water. “P-9U”
would be a heavy-water-moderated uranium reactor.]

We have just had an opportunity to read a few of the German Kernphysikalische Forschungsberichte.
We are writing in order to correct what we believe to be a very prevalent misconception concerning
the state of the art as known to the Germans in 1945. We will proceed by posing a number of
relevant questions and then answering them insofar as we can from the few reports we have been
allowed to see. Presumably when more reports are made available we will be able to document our
statements more fully.

I. Did the Germans know the correct lattice dimensions for a P-9U system?

Via the grapevine we have heard rumors that the Germans were experimenting with plate lattices
far too rich in U. Apparently these rumors were based on very early reports which are not yet avail-
able to us. At present, however, the answer to the above question is an unequivocal yes. The March
1944 “Forschungsberichte” contain a description of experiments on various lattice arrangements per-
formed by Bothe and Fünfer. The experiments are integral ones in which the strength of a source is
measured with and without the lattice in place. The main conclusion drawn from these experiments
is “eine Kombination von 20 cm D2O und 1 cm U-Metall der Dichte 18 (wird) etwas die günstigste
sein . . . Bisher hat man wohl mit einem grösseren U-Bedarfgerechnet.” This conclusion is exactly
the same as that reached by us, on the basis of calculations in August 1943 (CP-923). The German
work apparently was done at the same time as ours.

Plates seem to have been preferred because they were most convenient for experiments. The ad-
vantage of cubes was recognized as early as June 1943 (Höcker), and the use of cylinders had been
suggested on technical grounds.

II. Did the Germans know the critical dimensions of the P-9 machine?

We have not had access to the reports in which critical size calculations are made. However, there
are repeated references, in the reports available to us, of about 4 tons as the required amount of
P-9. This figure is essentially correct.

The Laplacians measured by the Germans are of the order 1000 ⇥ 10�6 cm�2. This value is in
excellent agreement with ours. It indicates, and this is important, that the U metal used by them
was about as pure as ours.

III. What was the state of German theory of the chain reaction?

Here we are badly hampered by the unavailability of the reports. What we do have shows:

(1) Calculation of optimal lattice dimensions was understood and followed pretty much the same
lines as ours. The calculated results on P-9 spheres agree well with ours.

(2) The group model for reflector calculations was introduced in early 1944. This was a little later
than the time we began to use it extensively.
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(3) Generally we would say their approach was in no wise inferior to ours; in some respects it
was superior.

IV. Why didn’t the Germans succeed in establishing a chain reaction with P-9?

The answer is simple; they did not have su�cient P-9. The latest reference is to a 1.5 ton P-9
experiment. According to our estimates, with the volume ratio they used (20:1), they would have
needed somewhat less than 4 tons.

V. Are there any “scientific secrets” concerning the design of the chain reaction which the
Germans do not seem to have understood?

From the general state of the art as deduced from the few reports we have seen, we would say their
understanding of the principles is comparable to ours. The only non-engineering “secrets” we can
think of which might a↵ect the design of a chain reaction is the poisoning by Xe135, and possibly,
the properties of Pu240.

VI. What bearing does this have on publication of the parts of the PPR [Performance Progress
Report (?)] dealing with principles of the chain reaction?

The Germans knew how to design a lattice which will work. From the practical standpoint this
is all that matters. The details of elegant perturbation theory or transport theory (which would
be contained in Vol. III) or the details of heat transfer calculations (Vol. IV) would tell them
nothing essential to the determination of lattice dimensions. They already know how to calculate
the optimum dimensions.

A question of ethics is raised by the existence of the German reports. In many cases useful informa-
tion is contained therein. It is certainly extraordinary, in a scientific treatise, to attribute a given
result to an American author without at the same time giving due credit to his German counterpart
who is known to have also done the work. Such a situation will arise for example, in Vol. III in the
discussion of the multi-group methods where the Germans have duplicated our work.

VII. What bearing does this have on the general question of our “secrets”?

On this we can presume to speak only as individuals.

The general impression from the German reports is that they were on the right track and that
their thinking and developments paralleled ours to a surprising extent. The fact that they did not
achieve the chain reaction is primarily due to their lack of su�cient amounts of heavy water.

In one of the reports a vivid description is given of the German e↵orts in this respect. The heavy
water factories in Norway were designed for a capacity of 3–4 tons a year and were successfully
operating during part of 1942 and 1943. This capacity would have been su�cient for the construction
of a pile. However, the production was interrupted by sabotage and finally the main factory was
destroyed by a bombing attack. Toward the end of 1944 plans were made to initiate production of
heavy water in Germany and to use enriched uranium in order to reduce the material requirements.

It is also fairly clear that the total German e↵ort was on a very considerably smaller scale than the
American e↵ort. This may be due to the strained German economy or to the less favorable attitude
of their government. The fact remains that an independent group of scientists, of much smaller size
than ours, operating under much more adverse conditions achieved so much.
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We must proceed therefore on the basis that anyone knowing what is in the German reports can
establish a chain reaction, provided he has su�cient materials. The Smyth report will give additional
very helpful hints. The time when others can establish a chain reaction is therefore no longer a
matter of scientific research but mostly a matter of procurement. The policies of our authorities
must, it seems to us, be formulated with a clear realization of these facts.

[Alvin Weinberg and Lothar Nordheim were experts in the U.S. fission reactor program. There are
several important points regarding their memo:

• Even among the well-informed personnel of the U.S. Manhattan Project and over half a year
after the war ended in Europe, there was a “very prevalent misconception” that the Germans
had a poor understanding of applied nuclear physics. That misconception was apparently
propagated by people such as Samuel Goudsmit, and has remained widespread ever since,
despite this U.S. scientific memo stating that that misconception was entirely false.

• Weinberg and Nordheim, two high-ranking people in the U.S. Manhattan Project writing
6–12 months after the U.S. Alsos Mission had retrieved the relevant reports from Europe,
repeatedly protested that about the “few [German] reports we have been allowed to see,” and
that “we have not had access to the reports.” Do those statements indicate that the United
States was concealing German reports even from its leading Manhattan Project scientists,
or that the United States was taking over 6–12 months before finally getting those reports
to its leading scientists? If so, why was the United States suppressing information about
the German nuclear program? Alternatively, if Weinberg and Nordheim had all the German
reports that Alsos captured, their complaints suggest that a large number of relevant reports
had been destroyed or hidden by the Germans.

• “The Germans knew how to design a [fission reactor] lattice which will work,” “the German
work apparently was done at the same time as” the U.S. work, “their approach was in no
wise inferior to” the U.S. approach, and “in some respects it was superior.”

• That equivalent work was achieved by a German group (apparently meaning the Kaiser Wil-
helm Institute group led by Werner Heisenberg) that was much smaller than the corresponding
American program. That shows great ability on the part of the German scientists, but it also
demonstrates that Weinberg, Nordheim, and other high-ranking U.S. o�cials were unaware
of all of the other parts of the German nuclear program—the large majority of the program.

• Allied sabotage and bombing of the heavy water factories in Norway (not any German lack
of scientific ability) greatly delayed operation of a fission reactor in Germany.

• Weinberg and Nordheim were aware of heavy water production in Norway, and of German
plans to produce heavy water elsewhere. Since their knowledge was admittedly very incom-
plete, it is possible that significant amounts of heavy water were actually produced elsewhere.

• Although Weinberg and Nordheim were unaware of a German pile that achieved a chain
reaction, they admitted that their knowledge was very incomplete; it is possible that there
was a German chain reaction that was unknown to these and perhaps even all U.S. o�cials.

• Weinberg and Nordheim essentially stated that it would be unethical for the United States to
give public credit for applied nuclear physics innovations to scientists working in the wartime
U.S. program but not to scientists from the wartime German program who were documented
to have made the same (or better) innovations. That is in fact what the United States did
and has continued to do.]
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Figure D.154: The former Kaiser Wilhelm Institute for Physics, the original site of the Heisenberg
group’s fission reactor experiments, now houses the archive of the Max Planck Institute.
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Figure D.155: U.S. personnel dismantling the Haigerloch fission reactor experiment in 1945.



D.5. FISSION REACTORS FOR BREEDING PU-239 AND/OR U-233 3369

Figure D.156: Atomkeller Museum in Haigerloch now.
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Figure D.157: Atomkeller Museum in Haigerloch now.
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2. The fission reactor of Kurt Diebner’s group, and

3. A possible fission reactor built and operated by the SS (in Thuringia?)

English translation of Walther Gerlach. 2 January 1945. Citation for Award of the War
Service Cross First Class with Swords to Dr. K. DIEBNER, Member of the Board
of Works. [NARA RG 77, Entry UD-22A, Box 166, Folder 32.22-1—GERMANY—
Research—TA—(1943–June 1946)]

After uranium fission by means of neutrons became known back in 1939, Dr. Kurt Diebner, Member
of the Board of Works, pointed out the importance of this discovery as a possible source of energy
and was thereupon ordered by his superiors to form an association which was first made a part
of Army Ordnance but which is now subordinated to the Deputy for Nuclear Physics. Within the
framework of this Association, he and his own work-group took part in the experiments.

The geometric arrangement (cube arrangement) employed on the basis of his deliberations has
turned out to be the most successful arrangement yet hit upon, although at the time ranking
scientists saw nothing particularly significant in it; for example, with only one-third the supply of
uranium and heavy water, he succeeded in achieving the same results that Prof. Bothe and Prof.
Heisenberg did employing other geometrical arrangements. Diebner got a neutron increase of 106%
with his experimental model; that is, he achieved a most e�cient production of energy. The scope
of the arrangement was limited because of the amount of material available to him at the time.

The results achieved by his work-group were so decisive that the cube arrangement is now em-
ployed in a large-scale experiment in which, in Prof. Heisenberg’s opinion, a practicable uranium
burner from the available supply of D2O and metallic uranium is anticipated, so far as large-scale
experiments can be judged with certainty from laboratory e↵orts.

[Publicly, after the war Samuel Goudsmit of the U.S. Alsos Mission and Leslie Groves of the
Manhattan Project denigrated Kurt Diebner as being far inferior to Heisenberg in scientific talent,
and in fact as being mainly an administrator and not a scientist.

Privately they found this document that proved that Diebner had been given a formal award by
Walther Gerlach (an impeccable physicist, and presumably a good judge of physics) for doing ex-
tensive scientific research, and for achieving much better results than Werner Heisenberg. Markings
on the document show that U.S. o�cials responded to this document by classifying it Top Secret
and burying it in their files.
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Leslie Groves even wrote a secret 1946 memo stating that Diebner “has a pretty good grasp of
the German project” and explicitly recognizing that he was among the handful of “those German
scientists of outstanding ability in the field of nuclear physics and chemistry who, by their past
reputation and present knowledge, would be of more value to the national interest of this country
if they could be employed here rather than in any other country. [...I]t is extremely important that
these persons be prevented from giving their services to a potential enemy of the United States”
(p. 3950).

In 1939, Kurt Diebner may well have been the only person on Earth whose scientific expertise
included:

1. TNT implosion bomb designs (“hollow-charge explosives”).

2. Fission chain reactions (proposals for uranium reactors and bombs).

3. High-energy-induced fusion reactions (“high-voltage particle accelerator for atomic transfor-
mations”).

Those are the three major elements of the German nuclear device that was apparently tested by
March 1945 (see p. 3789), or of modern nuclear bombs.

Likewise, Diebner occupied leadership roles that included the Army (Heereswa↵enamt), Kaiser-
Wilhelm Institute for Physics, Reich Research Council (Reichsforschungsrat), and the SS (when
the SS controlled most research in the later stages of the war, if not earlier), and that spanned the
entire German nuclear program from its very first meetings in 1939 in Berlin to the last days of
the war in May 1945 in Thuringia.

Thus Diebner was one of the most important people in the German nuclear program, and possibly
even the single most important person.

However, the false public depictions of Diebner’s abilities by Samuel Goudsmit and Leslie Groves
after the war were highly e↵ective, and most historical books and documentaries for the last 75+
years have unquestioningly followed their lead in treating Diebner as a minor, peripheral o�cial or
even a scientific loser.]
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Figure D.158: Kurt Diebner (left) and Gerhard Ho↵mann (right) setting up a nuclear physics
experiment at the University of Halle-Wittenberg ca. 1932.
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Figure D.159: Four unidentified members of Kurt Diebner’s group at Gottow/Kummersdorf wearing
protective suits while working on fission experiments in 1941.
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Figure D.160: Kurt Diebner’s Gottow III fission pile (1943–1944) [Bundesarchiv Militärarchiv
Freiburg N 822/13].
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Figure D.161: Historisch-Technisches Museum Versuchsstelle Kummersdorf: Former location of the
Diebner group’s Gottow fission pile.
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Figure D.162: Historisch-Technisches Museum Versuchsstelle Kummersdorf: Apparent chemical pro-
cessing building with special waste water streams.
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F. A. C. Wardenburg, Stadtilm Operation, 30 April 1945 [NARA RG 77, Entry UD-
22A, Box 171, Folder 32.7003-3 GERMANY: US Wartime Positive Int. (Nov. 44–June
45)].

I. Instructions have been received to forward all captured TA documents to Washington for final
analysis. No further analysis of Stadtilm documents will, therefore, be made by the Alsos Mission.

II. For the benefit of Washington personnel who will study the documents, the following summary
is given of classification already started on this side:

(a) The material consists of unfiled papers, mainly technical data and reports, and of correspondence
files and folders. Each of these file folders has been numbered on the back. Many of them have been
read and an index of the important material made on separate cards.

(b) Now folders with the following general subject titles have been set up:

1. Organization
2. Financial
3. Pile experiments
4. Heavy Water
5. Uranium
6. Ultra centrifuge
7. Isotope Separation Other
8. Betatron
9. Medical
10. Miscellaneous
11. KWI for Chemistry
12. Personnel
13. Instruments & Measurements
14. Target Data
15. Non-TA General Intelligence

(c) Some of the original files have been stripped of important material which has been put in the
above folders according to the subject. Cards for these folders which have been [illegible] but not
yet classified are included in the envelope marked “Folders [illegible] done.” Folders for [illegible]
cards appear in neither envelope have not yet been read.

[Tubealloy or TA was the U.S. code name for uranium.

Where are these files now?]
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Figure D.163: The former Atomkeller in Stadtilm. Note the modern cube sculpture and water
fountain to commemorate Diebner’s experiments with uranium cubes and heavy water.
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Figure D.164: The former Atomkeller in Stadtilm. In the lower photo, note the circular pit in the
floor, now filled in with concrete, which once held the heavy water with uranium cubes suspended
in it from the overhead beam.
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Werner Grothmann on reactor breeding of Pu-239 (and U-233) [Krotzky 2002]. For a
discussion of the background and reliability of this source, see p. 3120.

[S. 40] Es gab klare Erkenntnisse, dass nicht
alleine das Uran als Sprengsto↵ dienen konnte
sondern auch Plutonium und weitere Sto↵e, da
kenne ich mich aber noch weniger aus als bei
diesen Bezeichnungen. Jedenfalls ist wohl 1943
klar geworden, dass man mit Plutonium eine
große Sache machen kann. Es war aber so, dass
die Erzeugung ganz schwierig sein würde.

[p. 40] There was clear evidence that not only
uranium could serve as an explosive, but also
plutonium and other substances, about which
I know even less than these names. In any
case, it was clear in 1943 that one could do
a great deal with plutonium. It was the case,
however, that production would be quite dif-
ficult.

[S. 43] Ich vermute, dass es bei der Plutonium-
Forschung zwischen einzelnen Wissenschaftlern
eine Konkurrenz gab. Konkret kann ich dazu
sagen, dass Diebner in einem Gespräch mit dem
Chef [Himmler], das ganz kurzfristig angesetzt
war betont haben muß, ich war ja bei solchen
Gesprächen nie dabei, höchstens wenn es darum
ging, was unsere Leute an begleitenden Maßnah-
men leisten sollten, aber das hatte dann ja nichts
mit der Forschung zu tun, also da gab es ein
Gespräch mit Diebner, als sein Reaktor in Betrieb
gegangen war, wo er sich über die Möglichkeiten
geäußert hatte, bald richtige Bomben zu bauen.
Das wussten wir schon, wenn ein Atomreaktor
läuft, ist es viel leichter, Material für die Bombe
zu erhalten. [...] Das weiß ich noch ganz genau,
dass Himmler danach eine Besprechung hatte bei
der angeregt worden war, eine Verbindung zwis-
chen Kammler und jemand von den Physikern zu
scha↵en, damit man die Bedingungen besprechen
konnte, die man braucht, wenn man einen neuen
Reaktor einrichten will. Was danach gemacht wor-
den ist, weiß ich nicht, mir ist nur bekannt, dass
unser eigener Reaktor auch noch laufen lernte,
das war ein großer Tag für uns, leider war das
aber schon kurz vor Kriegsende, deshalb konnte
das nichts mehr bewirken. [...] Zu Diebner muß
ich aber noch sagen, dass ich nicht sicher bin, ob
sein Reaktor von ihm oder von seinen Leuten so
geregelt worden ist, daß der deshalb angelaufen
ist. Es war ja so, daß wir erfuhren, daß es ja
einen Unfall gegeben hatte. Ich weiß nicht, war
es ein Unfall im Betrieb, oder hat es einen Unfall
gegeben, bei dem das Ding losging. Ich hörte da
verschiedene Gerüchte.

[p. 43] I suspect that there was competition
among individual scientists in plutonium re-
search. In concrete terms, I can say that there
was a conversation with Diebner and the boss
[Himmler], which had been scheduled at very
short notice; I was never present at such con-
versations, at most when it came to what our
people were supposed to do in accompany-
ing measures that had nothing to do with
the research. So there was a conversation with
Diebner when his reactor went into operation,
where he himself talked about the possibilities
to build real bombs soon. We already knew
that when an atomic reactor is running, it is
much easier to get material for the bomb. [...]
I remember that Himmler had had a meet-
ing to create a connection between Kammler
and someone from the physicists to discuss
the conditions needed to set up a new reactor.
What happened afterwards, I do not know, I
only know that our own reactor was still run-
ning, that was a great day for us, but unfortu-
nately it was already shortly before the end of
war, so that nothing more could be done. [...]
Regarding Diebner, however, I must say that
I am not sure whether his reactor was con-
trolled by him or by his people, which is why
it started. It was true that we learned that
there had been an accident. I do not know, it
was an accident in the plant, or there was an
accident, at which the thing went o↵. I heard
di↵erent rumors.
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[S. 31] Es gab dann auch noch ein Unglück ohne
schlimme Folgen in Gottow bei Diebner. Dem
ist sein Reaktor vielleicht durchgegangen, wie
ich ja sagte. Das war möglicherweise die erste
wirkliche Kettenreaktion auf der Welt, die sich
selbst erhalten hat. Leider ließ sie sich nicht
stoppen.

[S. 8] Unser Reaktor, der im März 45 anlief,
war ja lange vorher schon eingebaut worden
und auch nur noch mit viel Glück in Betrieb
gegangen.

[S. 43] Ich bin mir bis heute fast sicher,
dass zum Beispiel bis jetzt nur ganz wenige
wirklich etwas über unseren eigenen Atomreaktor
wissen und dass der wirklich gelaufen ist. Die
Konstruktion war schon sehr modern, das hat
Diebner doch begeistert, weil es seine Ideen ja
letztlich nochmals bestätigt hatte und er hatte
ja zuvor schon Erfahrungen mit seinem Reaktor
gehabt.

[p. 31] There was then also an accident
without bad consequences in Gottow with
Diebner. His reactor may have run away, as
I said. This was perhaps the first real chain
reaction in the world that sustained itself.
Unfortunately it did not stop.

[p. 8] Our reactor, which started in March 45,
had already been installed a long time before
and had only just started with good luck.

[p. 43] I am still almost certain that,
for example, only very few really know some-
thing about our own nuclear reactor and that
it really ran. The construction was already
very modern, Diebner was enthusiastic about
that, because it had finally confirmed his
ideas and he had already had experience with
his reactor.

[As potential fission fuels that were known during the war, Grothmann mentioned uranium [235],
plutonium [239], and “other substances, about which I know even less than these names”—probably
a reference to transmuting thorium-232 into uranium-233.

Grothmann knew of at least two fission reactors that had gone critical during the war:

1. The Diebner group’s reactor, which went critical and actually had an accident before it could
be stopped. That incident apparently occurred in late 1944 while the reactor was still at
Gottow.

2. A completely separate reactor that was directly operated by the SS. According to Grothmann,
that reactor first became operational in March 1945, but it had been built quite some time
before that. Its “construction was already very modern,” which suggests that the SS reactor
was designed to breed fuel for nuclear weapons and not simply to be a small initial science
experiment to achieve criticality. Although Grothmann did not specify a location for this SS
reactor, it may have been in an underground installation somewhere in Thuringia, since most
of Grothmann’s knowledge in the interview was focused on nuclear and rocket research at
underground installations in Thuringia.]
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Helmut J. Fischer. 1987. Hitler und die Atombombe: Bericht eines Zeitzeugen. pp.
77–78.

Es war wohl der letzte Tag im März 1945,
als am frühen Morgen Dr. Graue vom Kaiser-
Wilhelm-Institut für Physikalische Chemie und
Elektrochemie in meinem Büro erschien. “Die
Uranmaschine läuft”, berichtete er aufgeregt
und bat mich zu seinem Chef, Prof. Thiessen,
der in der Nacht zuvor einen Telefonanruf von
Gerlach erhalten hatte. Ich verständigte meinen
vorgesetzten Gruppenleiter Dr. Spengler, und
bald saßen wir zu viert beieinander in Thiessens
Institut: Thiessen, Graue, Spengler und ich.
Das Telefongespräch, von dem Thiessen
berichtete, war o↵enbar unter großen Mühen
zustande gekommen, die Verständigung war
sehr schlecht gewesen. Immerhin ergaben sich
aus Gerlachs Anruf zwei wichtige Nachrichten.
Die erste meldete den großen Erfolg mit einer
kritischen Uranmaschine. Die zweite Nachricht,
die Gerlach mir übermitteln wollte, bezog sich
auf die Gefährdung der Forschungsstätte in
Stadtilm durch das Vorrücken der amerikanis-
chen Truppen auf Thüringen.

Hier muß ich nun aus dem, was mir später
bekannt wurde, hinzufügen, daß Gerlachs
übergroße Freude über den erfolgreichen Ver-
such mit einer Uranmaschine berechtigt, seine
Nachricht aber nicht ganz richtig übermittelt
worden war. Die kritische Uranmaschine war
noch nicht fertig, sondern nur “beinahe fertig”.
Es fehlte eine vergleichsweise geringe Menge
von Uran und eine entsprechende Menge
von Schwerem Wasser, um den Versuch ganz
so, wie man es gewünscht hatte, ablaufen
zu lassen. Dieses restliche Material war in
Haigerloch nicht mehr vorhanden, wohl aber
in Stadtilm. Daher die Sorge Gerlachs um die
Forschungsstätte Stadtilm. Nur dort war das
Material, das den krönenden Abschluß der
Bemühungen um eine kritische Uran-Maschine
ermöglichen konnte.

It was probably the last day in March 1945
when Dr. Graue from the Kaiser Wilhelm
Institute for Physical Chemistry and Electro-
chemistry appeared in my o�ce early in the
morning. “The uranium machine is running,”
he reported excitedly and referred me to his
boss, Prof. Thiessen, who had received a phone
call from Gerlach the night before. I contacted
my superior group leader, Dr. Spengler, and
soon four of us sat together in Thiessen’s insti-
tute: Thiessen, Graue, Spengler and me. The
telephone conversation Thiessen reported had
apparently come about with great di�culty,
the communication had been very poor. After
all, two important messages resulted from
Gerlach’s call. The first reported the great
success with a critical uranium machine. The
second message that Gerlach wanted to send
me related to the threat to the research site
in Stadtilm from the advance of the American
troops to Thuringia.

From what I learned later, I must add that
Gerlach’s overjoy at the successful attempt
with a uranium machine was justified, but that
his message had not been transmitted quite
correctly. The critical uranium machine was
not yet finished, but rather “nearly finished.”
There was a comparatively small amount of
uranium and a corresponding amount of heavy
water missing to allow the experiment to run as
desired. This remaining material was no longer
available in Haigerloch, but in Stadtilm. Hence
Gerlach’s concern about the Stadtilm research
site. Only there was the material, which could
make the crowning conclusion of the e↵orts
possible around a critical uranium machine.
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Commentary from Rainer Karlsch on the previous passage from Helmut Fischer
[Jonastalverein Archive].

Rund zwanzig Jahre vor der zitierten
Schilderung hatte Fischer den Verlauf der
Ereignisse anders wiedergegeben: “Es musste
schnell gehandelt werden. Denn der entschei-
dende Versuch mit der Uranmaschine war
in Stadtilm erzielt worden.” [Diese Sätze
hat Fischer später gestrichen. Vgl. Helmut
J. Fischer, Feuerwehr für die Forschung, In-
stitut für Zeitgeschichte München, Ms. 321/1-4]

Auch Fischers Vorgesetzter Spengler schrieb
von einem funktionierenden Reaktor: “Im
Anschluss an diese Sitzung [an 23. März fand
im Harnack-Haus eine Sitzung mit Graue,
Fischer, Schumann, Geist und Diebner statt—
Dienstkalender Walther Gerlach, Deutsches
Museum München] erzählten sie [Gerlach] mir,
wie nahe die deutsche Atomkraftmaschine
vor ihrem Abschluss stünde. Einige Wochen
[Tage?] später berichtete Dr. Graue vom
Erfolg, aber auch gleichzeitig von der drohen-
den Gefahr, dass die Forscher [in Stadtilm]
vom Feind überrollt würden. Es war mir
möglich, den Chef der Sicherheitspolizei zu
bewegen, eine Autokolonne unter der Leitung
des Oberführers Ehrlinger in Marsch zu setzen,
und die Atomforscher, ihre Unterlagen und
ihre Einrichtungen in Schutz zu bringen.”
[Schreiben von Spengler an Gerlach vom 12.
März 1948, Institut für Zeitgeschichte München]

Beide SD-Mitarbeiter sprachen nicht von
Haigerloch, sondern von Stadtilm. Gerlach
befand sich seit dem 30. März in Hechingen
und sorgte sich um seine Leute in Stadtilm. Das
dürfte der Hauptgrund für seinen hektischen
Anruf am 31. März bei Thiessen gewesen sein.
Thiessen verständige sofort den SD. Fischer
und Spengler machten sich daraufhin auf den
Weg zu Graue in der Kriegswirtschaftsstelle
des Reichsforschungsrates. Unklar bleibt wo
der SS-Reaktor gestanden haben soll.

About twenty years before the description
quoted, Fischer had given a di↵erent account
of the course of events: “We had to act quickly.
For the decisive attempt with the uranium
machine had been made in Stadtilm.” [Fischer
later deleted these sentences. Cf. Helmut J.
Fischer, Fire Department for Research, Institut
für Zeitgeschichte Munich, Ms. 321/1-4]

Fischer’s superior Spengler also wrote of a
functioning reactor: “Following this meeting
[on 23 March a meeting with Graue, Fischer,
Schumann, Geist and Diebner took place in
the Harnack House—Dienstkalender Walther
Gerlach, Deutsches Museum München] they
[Gerlach] told me how close the German
nuclear engine was to its conclusion. A few
weeks [days?] later Dr. Graue reported about
the success, but also about the threatening
danger that the researchers [in Stadtilm] would
be overrun by the enemy. It was possible for
me to persuade the chief of the security police
to march a motorcade under the leadership
of Chief Ehrlinger and to protect the nuclear
researchers, their documents and their facili-
ties.” [Letter from Spengler to Gerlach dated
12 March 1948, Institut für Zeitgeschichte
Munich]

Both SD employees did not talk about
Haigerloch, but about Stadtilm. Gerlach had
been in Hechingen since March 30 and cared
for his people in Stadtilm. This must have been
the main reason for his hectic call to Thiessen
on March 31. Thiessen immediately informed
the SD. Fischer and Spengler then made their
way to Graue in the War Economic O�ce of
the Reich Research Council. It remains unclear
where the SS reactor is said to have been.
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4. A possible fission reactor in the Bergkristall tunnel complex in Austria

[Rudolf Haunschmied and Andreas Sulzer have gathered a huge amount of unpublished archival
documents, witness statements, aerial photographs, and other evidence that strongly suggests that
part of the Bergkristall tunnel complex at St. Georgen/Gusen near Linz, Austria was conducting
nuclear-weapons-related work during the war. From some of the evidence, it sounds as if the complex
may have even included an operational fission reactor and facilities for extracting bred plutonium-
239 or uranium-233 from irradiated reactor fuel. German forces sealed the entrances and air shafts
to that part of the tunnel complex shortly before the end of the war, and they have remained
sealed for 75+ years. Air and water samples taken from the site in recent years have remarkably
high levels of radioisotopes, which may or may not be due to purely natural causes.

Until all of the documentary evidence is available, and/or until the site can be properly exca-
vated and analyzed, the true nature of this facility cannot be settled. A very small sample of the
documentary evidence is presented below and on the following pages.

U.S. o�cials inspected this site and interrogated witnesses after the war; see pp. 4011–4019. Their
reports on what they found and learned there have never been publicly released. Can those reports
be located in archives and declassified?]

PW Intelligence Bulletin 2/50. 1 April 1945 [AFHRA A5186 frames 0598–0599]

13. V-2 Factory, ST GEORGEN a/Gusen (Austria)

Preamble. Most of PW’s information came from a girl who lives in ST GEORGEN. He met the girl
while hospitalized in LINZ during Nov and Dec. 44. PW also saw the factory from the train while
passing through ST GEORGEN en route to LINZ from FRESTADT.

Location and Layout. GSGS 4416/W9/974858. The entrance to the tunnel in which the factory is
located is appr 3 m x 4 m. It is visible from the RR line appr 200 m away. A narrow-gauge RR
leads to the site.

Production. PW’s only indication that V-2s are manufactured at the factory is his informant’s
statement to the e↵ect that because of an explosion in the factory in Sept 44 the commitment of
the V-2 was delayed considerably. The explosion caused the death of 100 persons and the destruction
of important machinery.

Personnel. Five large wooden barracks, located adjacent to the RR tracks, house an undetermined
number of foreign workers. In addition, prisoners are brought in daily from the concentration camp
in MAUTHAUSEN for work at the factory. Civilian workers are billeted in villages in the vicinity.

At the time of PW’s departure in Dec 44 it was planned to keep workers inside the factory at all
times, using artificial sunlight to keep them in good health. The plan was devised to eliminate the
frequent breaches of security which had occurred.

Workers who lived in the barracks adjacent to the RR line were completely dissatisfied with living
conditions. Once they even set fire to the barracks.

Flak. PW is not informed about Flat defenses.

(Source: C/Gefr Julius WAGNER, Feld Ers Stl 256)
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Figure D.165: Photograph of Hitler visiting the Reichswerke Hermann Göring at Linz, Austria on
4 April 1943, apparently surrounded by nuclear scientists.
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Figure D.166: Photographs of Hitler visiting the Reichswerke Hermann Göring at Linz, Austria on
4 April 1943.
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Figure D.167: Photographs of Hitler visiting the Reichswerke Hermann Göring at Linz, Austria on
4 April 1943.
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Figure D.168: One of a series of logbooks of train shipments to and from St. Georgen an der Gusen
[Collection Rudolf A. Haunschmied, from St. Georgen an der Gusen train station].
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Logbooks of train shipments to and from St. Georgen an der Gusen [Collection Rudolf
A. Haunschmied, from St. Georgen an der Gusen train station]. [The complete records
fill several books. The entries below are just a few individual examples.]

[Day.mo.yr] [From] [To] [Cargo (cover names)]

24.04.44 Salzgitter Wa↵en SS Atomgruppen [Domgruppen?]
26.04.44 Witkowitz DEST Mineralwasser
10.05.44 Oranienburg Wa↵en
15.05.44 Redl Zipf DEST Maschinen
20.05.44 Redl Zipf DEST Maschinen
23.05.44 Redl Zipf SS Maschinen
27.05.44 Redl Zipf Arge Mave Pressluftrohre
06.06.44 Oranienburg
22.08.44 Fiebinger Witkowitz Mineralwasserflaschen
23.08.44 Ohrdruf Ing. Kammler Abwasserreinigungsanlage
23.08.44 Jambes Nord (Belgien) SSWVHA Scharfwasser
29.08.44 Witkowitz Eckermann Mineralwasser
04.09.44 Ing. Kammler Witkowitz leere Flaschen
05.09.44 Oranienburg SSWVHA Maschinen
06.09.44 Oranienburg SSWVHA Maschinen
07.09.44 Salzgitter Schachtbau/Böhm/Flügge Baugeräte
07.10.44 Salzgitter Flügge, Böhm Baugeräte
09.10.44 Auschwitz KZL Unterkunftgeräte
10.10.44 Auschwitz KZL E↵ekten
11.10.44 Oranienburg SSWVHA E-Teile
12.10.44 Witkowitz Eckermann Mineralwasser
25.10.44 Nettingsdorf Ing. Kammler Kessel
28.10.44 Oranienburg SSWVHA Maschinen 2 wgs
02.11.44 Nettingsdorf Ing. Kammler Kessel
25.12.44 Limburgerhof Fiebinger Eisenteile
31.12.44 SS Führungsstab Arnstadt Maschinen 2 wgs
05.01.45 Auschwitz KZL Wehrmachtsgut 9 wgs
09.01.45 Brömme Crawinkel Baumaterial 3 wgs
12.01.45 Brömme Crawinkel Baumaterial
14.01.45 Limburgerhof Kammler O.V.
24.01.45 Brömme Crawinkel Eisenwaren
26.01.45 Oranienburg DEST Ersatzteile
04.02.45 Pribram DEST Geräte
05.02.45 Oranienburg KDZ L Zugladung 2 wgs
05.02.45 Berlin-Lichtenberg Fiebinger Eisen
09.02.45 Ing. Kammler Kirchdorf/Tirol Elektromaterial
09.02.45 Pribram DEST Geräte
22.02.45 Redl Zipf DEST Agelin Tank
22.02.45 DEST Redl Zipf Sto↵flaschen
24.02.45 Ing. Kammler Kirchdorf/Tirol Elektromaterial
04.03.45 Oranienburg DEST 7653069 11 wgs
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[Note that the sources of these trains appear to be linked to the nuclear program:

• Witkowitz was part of the city of Maehrisch-Ostrau, mentioned in the document on p. 3283
as having one of at least two I.G. Farben factories that were using “30,000 employees” to
produce “the component of a new explosive” that was of great interest to U.S. intelligence.

• Ohrdruf was alleged to have underground facilities for nuclear-related work and is where a
nuclear weapon was apparently tested (pp. 3757↵., 3782↵.).

• Belgium is where the uranium refineries and storage facilities of Union Minière du Haut
Katanga were located [Irving 1967, p. 65]. After being controlled by Germany for over four
years, they were captured by Allied forces in early September 1944 (p. 3069), just a couple of
weeks after that train left on 23 August.

• Oranienburg was the home of both Auergesellschaft, which processed uranium and thorium
ore [Irving 1967; Nagel 2016], and an even more mysterious SS facility that appears to have
been involved with nuclear weapons development (pp. 3571, 3573).

• Salzgitter was the primary location of the Reichswerke Hermann Göring, a massive government-
run metallurgical company for refining and casting iron and other metals of military impor-
tance (in this case perhaps uranium or plutonium, or other metal parts for nuclear bombs or
reactors?).

• Auschwitz apparently had a heavy water production facility (p. 3764) and was said to be
linked to the production and testing of atomic bombs (p. 3773).

Also note that the recipients of these trains appear to be related to the nuclear program [Haunschmied
et al. 2007; Haunschmied in Joseph Fisher 2017, pp. 175–240]:

• DEST (Deutsche Erd- und Steinwerke GmbH) was an SS-run company originally founded in
1938 to exploit concentration camp labor in granite quarries like Gusen or Mauthausen and
belonged to the SS-WVHA from March 1942. Its regional headquarters for the Mauthausen-
Gusen complex were located at St. Georgen/Gusen since 1940. In 1943 the St. Georgen
branch of DEST became a key contractor for companies like Steyr-Daimler-Puch AG and
Messerschmitt GmbH in order to safeguard the production of advanced weapons in huge
factories in Gusen and St. Georgen above ground as well as underground. Even SS quarries at
Beneschau [Benesov] in Bohemia were controlled by the St. Georgen branch of DEST during
the period 1943–1945.

• Karl Fiebinger was the chief engineer of many massive underground facilities for advanced
weapons production in the Third Reich.

• Hans Kammler was the SS general who controlled virtually all of the advanced weapons
programs, including the nuclear program, by the end of the war.

• SS-WVHA (SS-Wirtschafts- und Verwaltungshauptamt) was the SS Main Economic and Ad-
ministrative O�ce, which provided huge amounts of funding and political support for SS-run
weapons programs and production facilities.
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• SS-Obersturmführer Werner Eckermann was chief of the SS-Führungsstab (leadership sta↵)
“B8” for the construction and operation of the “Bergkristall” underground plant at St. Geor-
gen/Gusen. He was Kammler’s representative for his St. Georgen operations and reported to
Kammler’s SS-Sonderinspektion IV. In the period between October 1943 and June 1944 he
was also responsible for Kammler’s operation “Schlier” at Redl-Zipf, Austria.

• Siegfried Flügge was one of the very first nuclear physicists to propose how fission reactions
could be used to create reactors and bombs (p. 3097), and he was a leading figure in the
German nuclear weapons program from its beginnings in 1939 until the end of the war (pp.
3102, 3233, 4040–4037).

• Böhm is listed immediately alongside Siegfried Flügge as a recipient for important com-
ponents. A Technical Sergeant Böhm was in charge of coordinating engineering tasks and
deliveries at Gusen.

• KZL (Konzentrationslager) was the general designation for a concentration camp, in this case
the Gusen concentration camp and production facility.

After the war, the United States gained detailed knowledge from most of these places and people,
yet has never released reports on what it learned:

• The Belgian facilities of Union Minière du Haut Katanga were captured by U.S. forces in
September 1944 (p. 3069).

• The Salzgitter headquarters of the Reichswerke Hermann Göring was captured by U.S. forces
in April 1945.

• The Ohrdruf area was captured by U.S. forces in early April 1945 (pp. 3863–3867). Other
than photos of concentration camp inmates, details of what the United States learned from
the underground installations and from interrogations of personnel have never been publicly
released. In order to succeed with the construction task at Ohrdruf, Karl Fiebinger sent his
best on-site planning manager at the end of 1944 directly from St. Georgen an der Gusen
(Bergkristall) to Ohrdruf [Rudolf Haunschmied, in Joseph Fisher 2017, pp. 175–240] .

• Gusen itself was captured by U.S. forces in early May 1945 (p. 4011↵.). As with Ohrdruf, other
than a few photos, details of what was learned from the underground installations and from
interrogations of personnel have never been released [Haunschmied et al. 2007; Haunschmied
in Joseph Fisher 2017, pp. 175–240].

• The United States received intelligence on nuclear-related work at Auschwitz (p. 3764), the
Ohrdruf/Arnstadt/Crawinkel area (pp. 3863, 3867), Oranienburg (p. 3080), and Witkowitz
(p. 3283).

• Karl Fiebinger worked in the United States for many years after the war as a “consul-
tant” on secretive government projects (pp. 4031–4036, 4038). His accomplishments in the
United States included designing underground missile silos for intercontinental ballistic mis-
siles, which may shed light on the true nature and extent of his wartime work for Germany
[Freund and Perz 1987, p. 44].
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• Siegfried Flügge worked in the United States after the war at the extremely specific and
highly unusual invitation of Edward Teller, the leading physicist in the postwar U.S. nuclear
weapons program (p. 4040).

• Hans Kammler was captured by the United States and interrogated for many months or
perhaps even years after the war (pp. 3994–4008).

Walter Chmielewski, the son of Karl Chmielewski, the former Commandant of the
Gusen concentration camp. 2016 filmed interview with Andreas Sulzer [Sulzer and
Brauburger 2019a, 2019b].

Es war nur die Rede von insgesamt (sollen es)
30–40 Kilometer sein was da an Stollen angelegt
worden sind und zum Teil eben auf zwei Ebe-
nen. Also das kam durch bei Gesprächen mit
SS-Leuten und dort findet jetzt Atomforschung
statt. Mit Hochdampf geforscht werden soll,
das noch zur Rettung der Nation, so ungefähr,
die Atombombe fertig werden könnte, damit da
noch einmal agiert werden kann, Ja. Das war
eindeutig bei Gusen im Gespräch, dass diese
Forschungen bereits stattfinden.

There was the precise talk of a total (of about)
30–40 kilometers of tunnels which have been
created and partly in fact on two levels. This
came through in talks with SS people and there
is now nuclear research being carried out there.
Under high pressure there is research, which
could still save the nation, so to speak; the
atomic bomb could be constructed, so that the
initiative can be recovered again, yes. This was
clearly stated at conversations in Gusen, that
this research is already taking place.

[In Chmielewski’s complete interview, he stated that:

• There was a huge underground concentration camp between St. Georgen and Langenstein.

• By mid-1944 a direct order from Hitler was received to accelerate the work on the atomic
bomb (at any cost in material or human life) at St. Georgen and slow down the e↵orts on the
Me-262 jet, given that only the first weapon was “war decisive” (“kriegsentscheidend”).]
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Figure D.169: Map of the Gusen concentration camps and the Bergkristall and Kellerbau tunnel
complexes [AFHRA, courtesy of Rudolf Haunschmied].
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Key for Fig. D.169:

(1) Mariengrube or Mögle-Grube (central access to individual tunnels of Bergkristall).

(2) Main entrance to Bergkristall (former Huemer sand pit near Saurüsselberg).

(3) Boiler and bath house for Bergkristall civilians.

(4) St. Georgen/Gusen railway station and start of the SS Schleppbahn to Gusen I and Gusen II
camps.

(5) Dump for sand excavated by inmates during tunnel construction; called “Kippe.”

(6) Bergkristall wastewater treatment plant, which was built for approximately 10,000 people.

(7) Home of DEST apprentices and first o�ce of Karl Fiebinger’s construction company at St.
Georgen.

(8) Ventilation tower of Bergkristall at the Karlinger house.

(9) Chain of Bergkristall sentry posts with watchtowers.

(10) DEST garages at the Rapata house (later tank garages for the Soviet occupation force).

(11) Second settlement of DEST in St. Georgen, called “Deutsche Erd- und Stein Siedlung.”

(12) Air-raid shelter of the DEST leadership at St. Georgen (outpost of the WVHA).

(13) Gusen I camp roll call area with prisoner kitchen and brick prisoner blocks.

(14) Not shown.

(15) Main entrance to Gusen I camp (so-called “Jourhaus”). In front are the barracks of the SS
guards for Gusen.

(16) Coal bunker, depot, blacksmith’s shop, and farm yard.

(17) Messerschmitt production halls (from 1943 onward, production of fuselages and wings for the
Me 109).

(18) Sewage treatment plant for Gusen I camp and production halls I-V for Steyr-Daimler-Puch
AG.

(19) Gusen II camp (housing for prisoners for Bergkristall construction and production).

(20) Kastenhof-Oberbruch quarry and guard chain.
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(21) Kastenhof quarry with huge gravel crusher and terminal station of SS Schleppbahn at Gusen
I.

(22) Chain of guards.

(23) High water tank for KL Gusen II.

(24) Chain of items.

(25) Pierbauer quarry. A separate field railway track also went up to this quarry.

(26) Gusen quarry.

(27) Unidentified.

(28) Gusen gravel pit.

(29) Deep vertical shaft where there may be an underground concentration camp [see pp. 3404–
3405].

(30) Housing barracks I-IV for harbor construction.

(31) Kellerbau underground plant where production facilities of Messerschmitt GmbH, Steyr-
Daimler-Puch AG, and Wa↵entechnische Lehranstalt der Wa↵en-SS Graz were located.

(53) Gravel crusher and loading site for Danube gravel to make concrete for Bergkristall. A separate
railway connected the Danube bank with the concrete mixer at the Bergkristall construction site.
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Figure D.170: Composite of U.S. aerial surveillance photos of the area including the Bergkristall
tunnel complex at St. Georgen/Gusen, taken on 2 April 1945. [AFHRA, courtesy of Andreas Sulzer].



3398 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.171: U.S. aerial surveillance photo of the area including the Bergkristall tunnel complex at
St. Georgen/Gusen, taken on 2 April 1945. At the upper left, note the two labelled “new pipelines”
that were apparently bringing water to and from the tunnels that may have been involved in nuclear
work. At the left end of the upper pipeline “(i)” is a mysterious octagonal structure that was filled
in by German forces before the arrival of the U.S. military [AFHRA Report U 57 on St. Georgen,
courtesy of Rudolf Haunschmied].
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Figure D.172: Enlargement of the upper left of U.S. aerial surveillance photo of the area including
the Bergkristall tunnel complex at St. Georgen/Gusen, taken on 2 April 1945. Note the two labelled
“new pipelines” that were apparently bringing water to and from the tunnels that may have been
involved in nuclear work. At the left end of the upper pipeline “(i)” is a mysterious octagonal
structure that was filled in by German forces before the arrival of the U.S. military [AFHRA
Report U 57 on St. Georgen, courtesy of Rudolf Haunschmied].
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Figure D.173: U.S. aerial surveillance photo of the area directly northwest of the known Bergkristall
tunnels, taken on 15 March 1945. Just to the right of the center of the photo is a large octagonal
structure with very thick walls. The center of the octagon is open and appears to be rather deep
in the ground. Also note other nearby structures and air vents. These structures do not appear on
any surviving maps of the Bergkristall tunnels [AFHRA, courtesy of Andreas Sulzer].
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Figure D.174: U.S. aerial surveillance photo of the area directly northwest of the known Bergkristall
tunnels, taken on 16 April 1945. The octagon and adjacent structures have been filled in with fresh
dirt, indicating that this part of the underground installation has been sealed by German forces
before the arrival of the U.S. military [AFHRA, courtesy of Andreas Sulzer].
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Figure D.175: Examples of octagonal fission reactors that were built in other countries after World
War II. Compare with the images on pp. 3400–3401 and 3412.
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Figure D.176: Examples of octagonal fission reactors that were built in other countries after World
War II. Compare with the images on pp. 3400–3401 and 3412.
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Figure D.177: U.S. aerial surveillance photo of the area directly south of the Gusen II camp,
approximately 1.5 km southeast of the Bergkristall tunnel complex, taken on 2 April 1945. In the
lower half of the photo, note all of the open air vents to a very large underground installation. This
underground installation does not appear on any surviving maps of tunnels in the area. Zigzag
patterns were air-raid trenches that were filled with prisoners as human shields against Allied
bombing, suggesting great military value for the installation [AFHRA, courtesy of Andreas Sulzer].
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Figure D.178: U.S. aerial surveillance photo of the area directly south of the Gusen II camp,
approximately 1.5 km southeast of the Bergkristall tunnel complex, taken on 16 April 1945. In the
lower half of the photo, note that almost all of the air vents have been filled in, indicating that the
underground installation has been sealed by German forces before the arrival of the U.S. military
[AFHRA, courtesy of Andreas Sulzer].
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Figure D.179: Map of 7 kilometers of the Bergkristall tunnel complex now. Up to 19 kilometers of
additional tunnels were sealed by the Third Reich shortly before the end of the war and are not
shown on this map. The blue octagonal structure appears in 1945 aerial photos but not in any
surviving tunnel maps.
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Sammlung Franz Jakob [courtesy of Andreas Sulzer].

[?? Jakob (18??–19??) was an Austrian engineer who was involved in the construction of the
Bergkristall underground tunnels up to 1945. From 1945 to 1955, occupying Allied forces exerted
control over Austria in general and the tunnels in particular. When Austria regained full indepen-
dence in 1955, Jakob promptly proposed to the Austrian government that they should create fission
reactors, and that the reactors should be located in the Bergkristall tunnels. His proposal explained
that the wartime tunnels were already ideally suited for fission reactors, conveniently omitting any
explanation of why the tunnels just happened to have been designed that way. His proposal also
explained that many of the experts involved in designing and building the tunnels during the war
were still available to help establish operational fission reactors there.

Jakob’s 1944 photos of Bergkristall clearly show that there were multiple levels of tunnels, not just
a single level as the Austrian government has claimed. Multiple levels would also make the total
length of the tunnels far longer than the o�cially recognized size. See especially pp. 3408–3409.

Jakob’s 1955 proposal and accompanying notes included sketches of two fission reactors (Atom-
Meiler) he wanted to make operational in the Bergkristall tunnels; see pp. 3412–3413. They look
remarkably like the two octagonal structures protruding from the Bergkristall tunnels in the March–
April 1945 aerial photos (pp. 3400–3401).

Jakob’s 1955 proposal also mentioned how extensively the underground facility had been stripped
by occupying forces after the war, first by the United States and then by the Soviet Union. Where
are all the archival reports on everything that was found and removed by Allied forces?

Many of Jakob’s wartime photos of Bergkristall and his 1955 proposal and notes were preserved by
his son Franz Jakob and later presented to Andreas Sulzer.]
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Figure D.180: 1944 photograph of Bergkristall entrances, clearly showing at least three levels of tun-
nels [Sammlung Franz Jakob, courtesy of Andreas Sulzer]. Surviving maps only show the uppermost
level of tunnels, not the lower levels.
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Figure D.181: 1944 photograph of Bergkristall entrances, clearly showing at least three levels of tun-
nels [Sammlung Franz Jakob, courtesy of Andreas Sulzer]. Surviving maps only show the uppermost
level of tunnels, not the lower levels.
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Figure D.182: 1944 photograph of Bergkristall under construction [Sammlung Franz Jakob, courtesy
of Andreas Sulzer].
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Figure D.183: 1944 photograph of Bergkristall under construction [Sammlung Franz Jakob, courtesy
of Andreas Sulzer].
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Figure D.184: Engineer Jakob’s 1955 sketches of two “Atom-Meiler” (atomic piles or fission reactors)
he proposed to make operational in the Bergkristall tunnels look remarkably like the two octagonal
structures protruding from the Bergkristall tunnels in the March–April 1945 aerial photos (pp.
3400–3401) [Sammlung Franz Jakob, courtesy of Andreas Sulzer].
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Figure D.185: Engineer Jakob’s 1955 sketches show several levels of tunnels at Bergkristall, and his
proposed fission reactors extend from the surface down five levels deep [Sammlung Franz Jakob,
courtesy of Andreas Sulzer].
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Figure D.186: The first page of Engineer Jakob’s 1955 proposal for two operational fission reactors
in the Bergkristall tunnels [Sammlung Franz Jakob, courtesy of Andreas Sulzer].
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Dipl. Arch. J/W Wien, 17. Nov. 55

. Projekt: “Atom-Meiler” (Forschungsstätte)

Der Vorschlag umfaßt im wesentlichen die
Auswertung eines vorhandenen unterirdischen
Werkes zum Einbau von 1 oder 2 Atom-Meilern.

Die Ausnützung dieses, für solche Zwecke
besonderes geeigneten Werkes und der Einbau
eines oder zweier “Schwimmbad-Reaktoren”
würden eine wesentliche Verbilligung, bzw.
Kosteneinsparung gegenüber einer kompletten
Neuanlage in ähnlich günstiger Lage und
gegebenen Voraussetzungen ergeben.

Veranlaßt durch eine Zeitungsmeldung,
wonach die Energie-Kommission im Österreich
ein Atomwerk an der Donau plant, erlaube ich
mir, auf die einmalige Gelegenheit der Nutzung
eines bereits verhandenen, besonders günstig
gelegenen und allen Vorteilen ausgestatteten
unterirdischen Werkes, aufmerksam zu machen.

Diese bombensichere unterirdische Anlage
mit einer vorhandenen Nutzfläche von ca.
45.000 m2 und Gleisanschlüssen, könnte auf
60.000 m2 Nutzfläche erweitert werden.

Die aus Beton, bzw. Stahlbeton hergestell-
ten 4.5 bis 6.0 m breiten Stollenräume von
mehr als 7.0 km Länge, mit allen wieder
instandsetzbaren modernsten Einrichtungen
(Lüftuntungen, Heizungen, Beleuchtungen,
Installation, sanitären Einrichtungen, etc.),
Trockenheit und idealer geographischer,
verkehrstechnischer und geologischer Lage
(ehem. feinmechanischer Betrieb), wäre die
geeigneteste Voraussetzung zur Unterbringung
einer Atomforschungsstätte.

Dipl. Arch. J/W Vienna, 17 Nov. 1955

. Project: “Atomic Pile” (Research Site)

The proposal essentially comprises the evalua-
tion of an existing underground plant for the
installation of 1 or 2 atomic piles.

The utilization of this plant, which is par-
ticularly suitable for such purposes, and the
installation of one or two “swimming-pool re-
actors” would result in a substantial reduction
in costs compared with a completely new plant
in a similarly favorable location and given
conditions.

Inspired by a newspaper report, according
to which the Energy Commission in Austria is
planning a nuclear power plant on the Danube,
I take the liberty of drawing attention to the
unique opportunity of using an already existing
underground plant, which is particularly well
located and equipped with all the advantages.

This bomb-proof underground facility, with an
existing usable area of approximately 45,000
m2 and sidings, could be expanded to 60,000
m2 of usable area.

The 4.5 to 6.0 m wide tunnels made of
concrete or reinforced concrete, more than 7.0
km long, with all the modern facilities that
can be restored (ventilation, heating, lighting,
installation, sanitary facilities, etc.), dryness
and ideal geographical, transport and geological
location (former precision engineering plant),
would be the most suitable conditions for
housing an atomic research facility.
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Diese Anlage wurde 1944/45, also in einem
Jahr, mit einem Kostenaufwand von mehr als
500 Millionen Schilling und hunderte Toter, als
technische Großleistung errichtet.

Nach Übernahme durch die Amerikaner
und fast vollständiger Demontage durch diesel-
ben, übernahm die russische Besatzungsmacht
die Anlage, welche die restliche Demontage
durchführte.

Durch unzulängliche Teilsprengungen versuchte
man die Anlage zu zerstören. Untersuchungen
ergaben, daß die entstanden Teilschäden keine
nachhaltigen Zerstörungen verursachten, in
verhältnismäßig kurzer Zeit mit geringen Mit-
teln und Materialaufwand instandzusetzen sind.

Diese Anlage gäbe mit ihren bestehenden Kanal-
systemen, Abwasser- und Kläranlage, sowie
geologischen Verhältnissen die preiswerteste
Ausnützung für ein Atomforschungszentrum,
eventl. Atomkraftwerk samt Labors und
Forschungsstätte.

Die außerordentliche Lage in der Nähe der
Donau, anliegender Straße, Bahnanschluß, etc.
würde weitere bedeutende Kosteneinsparungen
ergeben.

Außserdem würden nur geringe Ablösen der
oberirdischen Grundbesitze nötig sein, da bereits
die Besitzer einmalige Ablösen erhielten, oder
sich durch Abverkauf der 1945 zurückgelassenen
Materialien und Güter entschädigten.

Das Nutzwasser kann 2–3 m unter der derzeit-
igen Sohle in reichlichem Maße (Zufluß von
nahegelegenem Fluß) für Kühlung, Schutz
gegen radioaktive Strahlung, Regelung der
Spaltgeschwindigkeit, sanitäre Einrichtung, etc.
leicht entnommen werden.

This facility was built in 1944/45, in one year,
at a cost of more than 500 million shillings
and hundreds of deaths, as a major technical
achievement.

After being taken over by the Americans
and almost completely dismantled by them,
the Russian occupation forces took over the
plant and carried out the remaining disman-
tling.

Attempts were made to destroy the plant
by inadequate partial demolitions. Investiga-
tions showed that the partial damage caused
no lasting destruction and could be repaired
in a relatively short time with little resources
and materials.

This plant, with its existing sewer sys-
tems, sewage and wastewater treatment plant,
as well as geological conditions, would provide
the most economical utilization for a nuclear
research center, possibly a nuclear power
plant, including laboratories and research
facilities.

The extraordinary location near the Danube,
adjacent road, railroad connection, etc. would
result in further significant cost savings.

In addition, only small redemptions of the
above-ground properties would be necessary,
since the owners already received one-time
redemptions, or compensated themselves by
selling the materials and goods left behind in
1945.

The service water can be easily extracted
2–3 m below the present invert in abundance
(inflow from the nearby river) for cooling,
protection against radioactivity, regulation of
fission rate, sanitary facilities, etc.
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Durch Einziehung von Stahlbetondecken samt
erforderlichen Pfeilern (Gründung in geringer
Tiefe 2–4 m auf Granit), Einbau von Be-
tontanks für die “Schwimmbad-Reaktoren”,
sowie Unterbringung der Kraft-Maschinenen,
Heizwerk, Labors und Forschungsstätten in den
Stollen wäre das generelle Zentrum zu scha↵en.

Oberirdisch könnten die Allgemein-
baulichkeiten (Biologisch-medizinische
Abteilung, Bibliothek, Archiv, Lese- und
Vortragsaal, Forschungsstelle mit Pflanzen-
haus und Tierfarm, Kühlturm, Büroräume,
Werkstätten, Kantine und Küche, Emp-
fangsräume, Personalzimmer, Förderanlagen,
etc.; Tankstelle, Parkplatz, Trafostation etc.)
in organischer Reihung, zweckmäßig und dem
Gelände angepaßt erstellt werden.

Die gesamte Planung und Sammlung der
Erfordernisse müßte durch sämtliche ein-
schlägigen Fachgruppen (Experten) ermittelt,
eventl. nach eigenenden Studien im Ausland
ergänzt werden und an Hand eines Modelles
demonstriert werden.

Anschließend wären die Kosten zu ermit-
teln und nach Klärung der rechtlichen und
finanziellen Verhältnisse eine abschnittsweise
Ausfúhrung der Anlage angezeigt.

Durch verhältnismäßig einfache Absperrung
des Gebietes und Aufbau der oberirdischen
Teilanlagen würde eine gewisse Geheimhaltung
gewährleistet erscheinen.

Ich fühle mich verpflichtet, auf diese besonderen
Umstände besonders aufmerksam zu machen,
da:

1. dem österr. Volk unter Nutzung des
bereits vorhandenen nur Vorteile erwachsen
können,

The general center could be created by the
installation of reinforced concrete ceilings
with the necessary pillars (foundation at a
shallow depth of 2–4 m on granite), installation
of concrete tanks for the “swimming pool
reactors,” as well as accommodation of the
power machines, heating plant, laboratories
and research facilities in the tunnels.

Above ground, the general buildings (biological-
medical department, library, archives, reading
and lecture hall, research center with plant
house and animal farm, cooling tower, o�ces,
workshops, canteen and kitchen, reception
rooms, sta↵ rooms, conveyors, etc.; gas station,
parking lot, transformer station, etc.) could
be created in an organic order, functional and
adapted to the terrain.

The entire planning and collection of the
requirements would have to be determined
by all relevant professional groups (experts),
possibly completed after own studies abroad
and demonstrated on the basis of a model.

Subsequently, the costs would have to be
determined and, after clarification of the
legal and financial circumstances, a section-
by-section execution of the plant would be
indicated.

By relatively simple cordoning o↵ of the
area and construction of the above-ground
sections, a certain degree of secrecy would
appear to be guaranteed.

I feel obliged to draw special attention to
these special circumstances, since:

1. the Austrian people can only benefit
by using what is already available,
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2. große finanzielle Investitionen erspart werden,

3. ein vorhandenes, brachliegendes—für andere
Zwecke schwer verwendbares—Bauwerk einer
tatsächlich guten Sache zugänglich gemacht
würde,

4. eine der modernsten, sichersten und eigen-
willigsten Anlagen der Welt entstünde und

5. die Kenntnisse der noch am Leben befind-
lichen Ingenieure, Bauleiter und Techniker, sowie
teilweise vorhandene Unterlagen kostensparende
Mitarbeit, Auswertung ihres Wissens zur besten
Ausnutzung der vorhandenen Anlagen ergeben
könnten.

Es wird nochmals betont, daß diese Anre-
gung zum größten Nutzen der Wissenschaft, der
praktischen Auswertung zur Energiegewinnung,
rein finanzieller Art durch Nutzung vorhandener
großzügigster bombensicherer Anlagen und zum
besonderen Ruf österr. Technik, sowie dem
gesamten Volke selbst sein könnte.

Es ist als sicher anzunehmen, daß eine un-
voreingenommene Prüfung die günstige Lage,
Nutzbarmachung mit verhältnismäßig geringen
Mitteln und diese einmalige Gelegenheit erken-
nen lassen wird. Die aufgewendete Mühe und
erforderlichen Projektunterlagen werden sich
reichlich bezahlt machen.

Außerdem erscheint es besonders wichtig,
nochmals darauf hinzuweisen, das Wissen der
ehemals am Neubau des Werkes maßgeblich
beschäftigten Fachkräfte zum Wohle und Nutzen
eines großen Werkes nicht verloren gehen zu
lassen.

2. large financial investments are saved,

3. an existing, fallow—for other purposes
hardly usable—building would be made acces-
sible to an actually good cause,

4. one of the most modern, safest and
most unique facilities in the world would be
created, and

5. the knowledge of the still living engi-
neers, construction managers and technicians,
as well as partially existing documents could
result in cost-saving cooperation, evaluation
of their knowledge for the best utilization of
the existing facilities.

It is emphasized again that this sugges-
tion could be to the greatest benefit of science,
the practical evaluation for energy production,
purely financially by use of existing most
generous bomb-proof plants and to the special
reputation of Austrian technology, as well as
the entire people itself.

It is safe to assume that an unbiased ex-
amination will reveal the favorable situation,
utilization with relatively small means and
this unique opportunity. The e↵ort spent and
the required project documentation will pay
o↵ in abundance.

In addition, it seems particularly impor-
tant to point out once again not to let the
knowledge of the skilled workers, who were
formerly significantly involved in the construc-
tion of the plant, be lost for the good and
benefit of a large plant.
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Nach dem Ausbau eines solchen “Atommeilers”
mit angeschlossener Forschungsstätte hätte das
neutrale freie Österreich den Anschluß an die
Wissenschaften, Forschung und Technik der Welt
gefunden.

Billige Energiegewinnung, Fortschritt in der
Gesunderhaltung des gesamten österr. Volkes und
erforderliche Schritthaltung der ausländischen
Wissenschaft gibt unserem Volke die Möglichkeit
einer tatsächlichen Selbstständigkeit.

In Erwartung, daß vorliegende Anregung
günstige Aufnahme findet, stehe ich gerne zu
weiteren Auskünften, Vorschlägen und Unterla-
gen zur Verfügung.

After the development of such an “atomic
pile” with an associated research facility, neu-
tral, free Austria would have been connected
to the sciences, research and technology of
the world.

Cheap energy production, progress in
maintaining the health of the entire Austrian
people, and the need to keep pace with
foreign science will give our people the
possibility of actual independence.

In the expectation that this suggestion
will be favorably received, I am at your
disposal for further information, suggestions
and documents.
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Figure D.187: After the war, a U.S. military “Special Projects” team investigated underground
facilities in Austria [AFHRA C5098 electronic version p. 925].
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Figure D.188: The cover letter for the U.S. military’s “Special Projects” investigation of Austria is
prominently labelled “Underground Pile” and underlined three times to emphasize the importance
of those words [AFHRA C5098 electronic version p. 923]. Did the U.S. military find evidence of
a wartime “underground pile” (fission reactor) in Austria, for example at St. Georgen/Gusen? Or
was it just a remarkably excessive way of labeling that document to go with the “pile” of other
documents on underground facilities? Where is the report that this cover letter referred to?
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Figure D.189: Site of the former Gusen I concentration camp now.
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Figure D.190: The entrance to the Bergkristall tunnel complex. [Above: Wikicommons. Below:
Rudolf Haunschmied]
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Figure D.191: Inside the Bergkristall tunnel complex now. [Courtesy of Rudolf Haunschmied]
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Figure D.192: In the Bergkristall tunnel complex, the Austrian government has installed a gas-proof
transparent plastic barrier between the publicly accessible tunnels and those beyond, in order to
block radioactive gases that are coming from the inaccessible tunnels. Even so, the radioactive gas
levels in the publicly accessible tunnels are so great that the Austrian government has stipulated
that (1) they can only be open to public visitors twice per year, (2) they must be thoroughly
ventilated for many hours before each public visiting day, and (3) visitors cannot remain in the
tunnels longer than one hour. [Courtesy of Rudolf Haunschmied]
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5. A possible fission reactor at Unterraderach near Friedrichshafen

A Signaler d’Urgence. Undated but apparently late 1943. [Archives of the French
Army Ministry of Defense, courtesy of Andreas Sulzer]

On a decouvert en Allemagne l’existence d’une
usine spéciale qui fabrique des engins nouveaux
et redoutables: Projectiles de 200 Kgrs, à
enveloppe d’aluminium qui seraient lancés par
dessus le Détroit. Ces engins exploseraient à
l’arrivée et détraraient tout ce qui est vivant
dans un rayon de 20 Km.

L’usine se trouve dans une dépression de
terrain assez accentuée (40 m.), elle est
protégée par 40 pièces de D.C.A. [défense
contre l’aviation] et à la moindre alerte, est
camouflée par un nuage de fumée.

L’emplacement de cette usine est dans le
WURTEMBERG dans le triangle formé par
FRIEDRICHSHAFEN au Sud, MARKDORF
au NORD-OUEST, OBERTEMINGEN au
NORD.

D’apres le croquis ci-joint, la dépression
de terrain dans laquelle se trouve l’usine, parait
être orientée sensiblement EST-OUEST, a
son extrémité EST aboutit la route venant de
FRIEDRICHSHAFEN, qui, à ci-cet, endroit
tourne brusquement à droite.

Les tirs doivent commencer fin Décembre
ou commencement de Janvier.

Ce sont peut-être les représailles annonçées par
le Maréchal GOERING.

Il est extrèmement di�cile et dangereux
de s’approcher de cette usine. Tout le personnel
employé doit vivre dans l’enceinte même de
l’usine et ne peut sortir sous aucun prétexte.

Ces renseignements sont absolument sûrs,
l’usine a été visitée

In Germany was discovered the existence of a
special factory which manufactures new and
formidable machines: 200-kilogram projectiles,
with an aluminum envelope, which would be
launched over the [English] Channel. These
devices would explode upon arrival and destroy
everything that is alive within a radius of 20 km.

The factory is located in a fairly deep depres-
sion (40 m.), it is protected by 40 anti-aircraft
guns, and at the slightest alert is hidden by a
cloud of smoke.

The location of this plant is in WURTEM-
BERG in the triangle formed by
FRIEDRICHSHAFEN in the south, MARK-
DORF in the northwest, OBERTEMINGEN in
the north.

According to the attached sketch, the de-
pression of the ground in which the factory
is located, seems to be oriented essentially
EAST-WEST, at its EAST end ends up on
the road coming from FRIEDRICHSHAFEN,
which, at this point, turns abruptly to the right.

Firing must start at the end of December
or beginning of January.

These may be the reprisals announced by
Marshal GOERING.

It is extremely di�cult and dangerous to
approach this factory. All sta↵ employed must
live within the factory premises and may not
leave under any circumstances.

This information is absolutely certain, the
plant has been visited
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Autre renseignement donné par un o�cier
Alsacien travaillant en Allemagne au sujet de
l’arme secrète:

Les Allemands avaient préparé pour la Iere
quinzaine d’Aoùt, le bombardement de Londres.

Ce bombardement devait avoir lieu au moyen
d’engins qui auraient lancé de BERLIN même
des bombes à gaz et à microbes propulsées
par un dispositif à air comprimé. Cela ne s’est
pas réalisé jusqu’a présent mais semble vouloir
l’être bientôt.

Other information regarding secret weapons
provided by an Alsatian o�cer working in
Germany:

The Germans had prepared for the first
fortnight of August, the bombing of London.

This bombardment was to take place us-
ing devices that would have thrown gas and
microbial bombs from BERLIN itself, propelled
by a compressed air device. This has not been
achieved so far but seems to be happening
soon.

Figure D.193: Wartime French map showing the location of a highly secret nuclear facility near
Friedrichshafen that may have been a fission reactor.

S. McClintic, Headquarters U.S. Strategic Air Forces in Europe, O�ce of the Director
of Intelligence, to George C. McDonald. 6 January 1945. Big Ben (Rockets). [AFHRA
A5734 electronic version p. 1092]

[...] At UNTERRADERACH, near FRIEDRICHSHAFEN, there is a large semi-underground fac-
tory which was constructed early last winter where strange experiments were taking place. Heavy
clouds of smoke filled the sky in the day and at night a red glow. The experiments caused the earth
to shake. These experiments are with atoms and when the experiments proved successful the plant
went into operation. Workmen were not allowed to leave the factory. [...]
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[This appears to be the same location as that described in the previous French report. Could this
have been the location of a working fission reactor?

• The work was atomic, and so secret that “workmen were not allowed to leave the factory,”
as stated by both the American and French intelligence reports.

• The area is on the southern border of Germany, far from Allied forces at that time.

• The area is also on the coast of the Obersee Bodensee, which could have supplied as much
water as needed to cool the reactor. The heavy clouds of smoke might have been steam from
water coming out of the reactor.

• If the reactor was not operated very carefully, times at which it briefly went supercritical,
or occasional buildups of steam, hydrogen, or other gases, might have “caused the earth to
shake.”

• If there was no containment structure around the reactor, there might have been a visible
glow at night.

• “When the “experiments... with atoms... proved successful the plant went into operation” to
produce something new and dangerous.

• The plant produced material for “200-kilogram projectiles, with an aluminum envelope,
which... would explode upon arrival and destroy everything that is alive within a radius
of 20 km.” While the radius of destruction seems to have been exaggerated by the French
intelligence report, a large radius of destruction for a small device definitely sounds nuclear,
consistent with the plant involving “experiments... with atoms.”

• One possible explanation that is consistent with the very limited available data is that the
plant was producing fission fuel for ⇠200-kg low-yield tactical fission weapons such as those
described by Eric Schumann (pp. 3624–3626) and Werner Grothmann (pp. 3642–3645). An-
other possibility is that the plant was producing irradiated fission reactor fuel that could
be combined with conventional explosives in a ⇠200-kg bomb to make a radiological “dirty
bomb.”

• This plant may have been related to the Forschungsanstalt Graf Zeppelin in Friedrichshafen,
and specifically to the brothers Georg Madelung (German, 1889–1972, a bomb and aerospace
expert) and Erwin Madelung (German, 1881–1972, an atomic physicist) who worked there.

Can other reports about this facility be found in archives?

Can the possible site near Friedrichshafen be located and inspected now?

This area is known to have had a plant producing liquid oxygen for the A-4 (V-2) rockets, but
what is described in the two documents above sounds quite di↵erent than a liquid oxygen plant. It
seems likely that there were several di↵erent advanced weapons plants located in that area.]
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6. A possible fission reactor at an underground facility in Berlin-Lichterfelde

RENSEIGNEMENT. Origine: O�cier de l’E.M.G.G. 18 January 1950. [Archives of
the French Army Ministry of Defense, courtesy of Andreas Sulzer]

Io.—RENSEIGNEMENTS D’ARCHIVES.—

a)—Docteur ENGEL
—Ingénieur allemand travaillant à ANDILLY
pour le compte de l’O.N.E.R.A.

b)—Société X......

Io.—RENSEIGNEMENTS PROPREMENTS
DITS.—

ENGEL (a) aurait été, à la fin de la guerre,
après avoir été Directeur de SKODA, Chef
des recherches du groupe d’armement HER-
MANN GOERING; à ce titre, il aurait eu rang
d’égalité avec les Directeurs des six usines de
ce groupe dont les raisons sociales auraient été:
SKODA, EXPLONIA, etc... Il aurait reçu le
pouvoir absolu de prélever dans ces 3 usines
tout matériel ou tout personnel qu’il lui aurait
semblé bon.

Par ailleurs, un groupe français que l’on
désignera par “Société X...” (b) et qui en tout
cas ne serait pas SCHNEIDER, aurait détenu
28 % des actions de SKODA et les Allemands
n’auraient pas pu s’en emparer. Le groupe qui
détiendrait ces actions exercerait actuellement
so activité à PARIS, où il se liverait à la vente
de divers matériels, dont des armes.

Le 6 Janvier 1950, le Dr. ENGEL (a), à
la recherche d’instruments de laboratoire,
est entré fortuitement en relations avec cette
Société X... dont il aurait ignoré l’existence
auparavant. Il y aurait été reconnu par des
personnes d’ailleurs inconnues de lui, et des
membres de cette société lui auraient dit ce qui
suit:

Io. —ARCHIVAL INFORMATION.—

a)—Doctor ENGEL
—German engineer working at ANDILLY for
O.N.E.R.A.

b)—Company X........

Io.—PROPERTY INFORMATION.—

ENGEL (a) was, at the end of the war,
after having been Director of SKODA, Head
of Research of the HERMANN GOERING
armaments group; as such, he had equal
rank with the Directors of the six factories
of this group whose corporate names were:
SKODA, EXPLONIA, etc... He was given the
absolute power to take from these 3 plants any
equipment or personnel that he thought were
appropriate.

In addition, a French group that will be
referred to as “Society X...” (b) and which
in any case would not be SCHNEIDER, held
28 % of SKODA’s shares and the Germans
did not take them. The group that held these
shares currently operates in PARIS, where it
sells various items, including weapons.

On 6 January 1950, Dr. ENGEL (a), in
search of laboratory instruments, fortuitously
entered into a relationship with this Society
X... of whose existence he was previously
unaware. He was reportedly recognized by
people unknown to him, and members of this
society reportedly told him the following:
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“Au cours de leur avance, les Soviets se seraient
emparés du centre d’essais de PIEBRANZ,
qu’aurait dirigé ENGEL (a). Ils auraient gardé
trois des ingénieurs de ce centre et bien qu’ENGEL
eut détruit, avant l’armistice, dans la région de
MUNICH, les documents qu’il aurait évacués,
les Russes auraient pu, avec l’aide de ces trois
ingénieurs, reconstituer les projets en cours
d’étude à PIEBRANZ, à la fin de la guerre.” [...]

Plus loin, le même article ajoute:

A peu près à ce moment (1944?) la Direc-
tion de l’Étude de l’Uranium passa de ESAU (c)
à GERLACH (f).

A côté de cette version o�cielle, les faits
suivants ont été rapportés par le Docteur ENGEL
(a) au cours d’une conversation, à PARIS, le 22
Décembre 1949.

En 1944, à LICHTERFELD, une pile atom-
ique aurait été montée par THIESSEN (g),
ARDENNE (h) et ESAU (c) dans un abris souter-
rain spécialement aménagé, gardé et très surveillé.
Leur travaux auraient abouti à la séparation
rapide de l’Uranium 235 et les Allemands se
seraient trouvés à quinze jours de la réalisation
de la bombe atomique quand un raid de blindés
soviétiques, perçant le front et s’avançant en flèche
de 30 Kms, se serait emparé de LICHTERFELD.

La colonne aurait été parfaitement au courant de
l’existence de l’organisme de recherches et même
de la disposition des lieux, car les Russes auraient
pénétré directement dans l’usine souterraine sans
même qu’on ait pu y donner l’alerte. Le matériel
aurait été aussitôt photographié minutieusement,
puis démonté et expédié à ATOMGRAD.

ESAU (c) n’aurait pas été pris, mais se serait
rendu aux Américains à quelque temps de là.
Ce serait lui qui leur aurait indiqué le procédé
permettant d’isoler l’Uranium 235, procédé telle-
ment plus rapide que ceux qui avaient été utilisés
jusqu’alors, qu’il aurait permis aux Américains
de gagner dix-huit mois sur la fabrication de la
bombe.

“During their advance, the Soviets seized the
PIBRANS test center, which ENGEL directed
(a). They kept three of the engineers of this
center and although ENGEL had destroyed,
before the armistice, in the MUNICH region,
the documents he evacuated, the Russians
could, with the help of these three engi-
neers, have reconstituted the projects under
study in PIBRANS, at the end of the war.” [...]

Further on, the same article adds:

At about this time (1944?) the leader-
ship of the Uranium Study passed from ESAU
(c) to GERLACH (f).

In addition to this o�cial version, the
following facts were reported by Doctor
ENGEL (a) during a conversation in PARIS
on 22 December 1949.

In 1944, in LICHTERFELD, an atomic
pile was allegedly assembled by THIESSEN
(g), ARDENNE (h) and ESAU (c) in a spe-
cially equipped, guarded and highly guarded
underground shelter. Their work supposedly
led to the rapid separation of Uranium 235,
and the Germans allegedly were fifteen days
from completing the atomic bomb when a
raid of Soviet tanks, piercing the front and
advancing 30 Kms, seized LICHTERFELD.

The [Soviet] unit was apparently fully aware
of the existence of the research organization
and even of the layout of the premises, as
the Russians entered the underground plant
directly without even triggering an alarm.
The material was immediately photographed
thoroughly, then dismantled and shipped to
ATOMGRAD.

ESAU (c) was not taken, but surrendered
to the Americans some time later. It was
he who allegedly told them the process for
isolating Uranium 235, a process so much
faster than those used until then, that it would
have saved the Americans eighteen months in
manufacturing the bomb.
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La réalisation de cette deuxième bombe (la
première celle de LOS ALAMOS étant au pluto-
nium) et la possibilité de pour-suivre la produc-
tion à un rythme très rapide, aurait motivé la
décision du Président TRUMAN de faire lancer
les bombes sur HIROSHIMA (la deuxième, dont
il vient d’être parlé) et sur NAGASAKI (une
troisième bombe, fabriqué en un temps très
court grâce au même procédé).

The completion of this second bomb (the first
one from LOS ALAMOS being plutonium) and
the possibility of following the production at a
very fast rate, may have motivated President
TRUMAN’s decision to drop the bombs on HI-
ROSHIMA (the second, just mentioned) and on
NAGASAKI (a third bomb, manufactured in a
very short time using the same process).

7. Possible fission reactors in East Prussia

Heinrich Himmler’s diplomatic contact, Muhammad Amin Al-Husayni, the Grand
Mufti of Jerusalem. Translated and paraphrased in: Wolfgang G. Schwanitz. Review
of Karlsch, Rainer; Petermann, Heiko, Für und Wider “Hitlers Bombe”: Studien
zur Atomforschung in Deutschland. H-Soz-u-Kult, H-Net Reviews. February 2009.
[www.h-net.org/reviews/showrev.php?id=24129] For the rest of this reference, see pp.
3873–3874.

After 1945 the Grand Mufti said that the enemy espionage by “Jewish, English and American
intelligence services” caused “the greatest damage.” They were able to discover the locations of
“atomic reactors” in East Prussia.

Royal Air Force Bomber Command. Campaign Diary August 1944.
[https://webarchive.nationalarchives.gov.uk/ukgwa/20070706054833/http://www.raf.
mod.uk/bombercommand/aug44.html]

26/27 August 1944

174 Lancasters of No 5 Group to Königsberg, which was an important supply port for the German
Eastern Front. The route to the target was 950 miles from the No 5 Group bases. Photographic
reconnaissance showed that the bombing fell in the eastern part of the town but no report is
available from the target, now Kaliningrad in Lithuania. 4 Lancasters lost.

29/30 August 1944

189 Lancasters of No 5 Group carried out one of the most successful No 5 Group attacks of the war
on Königsberg at extreme range. Only 480 tons of bombs could be carried because of the range of
the target but severe damage was caused around the 4 separate aiming points selected. This success
was achieved despite a 20 minute delay in opening the attack because of the presence of low cloud;
the bombing force waited patiently, using up precious fuel, until the marker aircraft found a break
in the clouds and the Master Bomber, Wing Commander J Woodro↵e, probably No 5 Group’s most
skilled Master Bomber, allowed the attack to commence. Bomber Command estimated that 41 per
cent of all the housing and 20 per cent of all the industry in Königsberg were destroyed. There was
heavy fighter opposition over the target and 15 Lancasters, 7.9 per cent of the force, were lost.
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[Siegfried Flügge, who was probably the top nuclear physicist in the German nuclear weapons
program, worked for many di↵erent organizations that were all involved in the nuclear program,
apparently serving to coordinate the scientific details of all of their activities. Intriguingly, he was
appointed to a professorship at the University of Königsberg in East Prussia in 1944, near the end
of the war, as Russian forces were advancing (p. 4042). That appointment only makes sense if there
was a nuclear facility there that was deemed critical to the war, such as fission reactors breeding
plutonium for nuclear weapons.

During the war, Königsberg had a large sta↵ of inorganic chemists with world-class expertise in
methods that would have been useful for reprocessing irradiated fuel from fission reactors. After the
war, many of those chemists were interrogated by at least two teams from the U.S. Alsos Mission,
which suggests that U.S. o�cials suspected the Königsberg chemists had been involved in nuclear
work [AFHRA B1763 frames 0004–0034]. See pp. 3433–3436.

There were tens of thousands of forced laborers working in and near Königsberg during the war.
They are known to have worked with toxic chemicals such as ship paints and su↵ered the conse-
quences [Jasiński 1994]. This labor pool might also have been used for hazardous nuclear work.

During the period 26–30 August 1944, U.K. Royal Air Force bombers, operating at the very limits
of their range, devastated targets in and near Königsberg. That only makes sense if there were
targets of great military value and urgency, such as a nuclear facility on the verge of producing
enough fuel for nuclear weapons. It also explains the Grand Mufti’s comment. The o�cial Royal
Air Force explanation that Königsberg was only attacked because it was a port does not seem
su�cient, since the attack was mainly directed at surrounding targets other than the port, and
Königsberg continued to be used as a port after the 26–30 August 1944 attacks.

Despite the Allied bombings and fierce o↵ensives by Soviet forces, German troops successfully
defended East Prussia until April 1945, rather than retreating to more central areas of Germany
and using their strength to defend those. Once again, that only makes sense if there were something
in East Prussia that Germany considered so important it had the potential to decide the outcome
of the war, even very late in the war.

After the war, East Prussia was claimed as Soviet territory, even though it was geographically
disconnected from any other Soviet territory, rather than allotting it to the surrounding countries,
Poland or Lithuania. Again, that suggests something rather unusual was found there. (Of course,
it did also provide a desirable seaport for the Soviet Union.)]
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Figure D.194: During the war, Königsberg had a large sta↵ of inorganic chemists with world-
class expertise in methods that would have been useful for reprocessing irradiated fuel from fission
reactors. After the war, many of those chemists were interrogated by at least two teams from the
U.S. Alsos Mission [AFHRA B1763 frames 0004–0034].
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Figure D.195: During the war, Königsberg had a large sta↵ of inorganic chemists with world-
class expertise in methods that would have been useful for reprocessing irradiated fuel from fission
reactors. After the war, many of those chemists were interrogated by at least two teams from the
U.S. Alsos Mission [AFHRA B1763 frames 0004–0034].
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Figure D.196: During the war, Königsberg had a large sta↵ of inorganic chemists with world-
class expertise in methods that would have been useful for reprocessing irradiated fuel from fission
reactors. After the war, many of those chemists were interrogated by at least two teams from the
U.S. Alsos Mission [AFHRA B1763 frames 0004–0034].
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Figure D.197: During the war, Königsberg had a large sta↵ of inorganic chemists with world-
class expertise in methods that would have been useful for reprocessing irradiated fuel from fission
reactors. After the war, many of those chemists were interrogated by at least two teams from the
U.S. Alsos Mission [AFHRA B1763 frames 0004–0034].
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8. A possible fission reactor at I.G. Farben Leverkusen

H. K. Calvert to Francis J. Smith. 29 January 1945. Subject: I.G. Farben Plant, LE-
VERKUSEN. [NARA RG 77, Entry UD-22A, Box 171, Folder 32.7003-3 GERMANY:
US Wartime Positive Int. (Nov. 44–June 45)]

29 January 1945

Subject: I.G. Farben Plant, LEVERKUSEN

To: Major Francis J. Smith
Room 5119, New War Dept. Bldg., Washington, D.C.

1. The following information has been extracted from a PW report dated 11 January 1945:

“At the LEVERKUSEN I G Farben Works, PW learned through an uncle, who is a
director, that a special department has been installed in concrete structures like pill-
boxes, to which access is gained only through special passes, even high-ranking o�cers
being refused admission under a special order issued 18 Nov by factory police. There is
heavy A.A. defence of all calibers, and the general belief is that experiments are being
made with special weapons of some kind.”

2. The PW is Obergefreiter, captured between Bastogne and Longvilly 30 December 1944. He was
serving as a messenger for the 7th Co., III Battalion, 31st Regt, 167th Volksgrenadier Div. 18. Oct
44 his home in Bonn was bombed out, and he applied for 30 days’ leave. During November he made
a trip through most of southern Germany to find a place to resettle his family.

3. There is enclosed herewith three interpretation reports covering I.G. Farben, Leverkusen. As
heavy concrete constructions are characteristic of some phases of our project, it is believed that
these interpretation reports and photos should be made available to technicians available to your
o�ce for their interpretation as being of interest to us.

For the Military Attaché:

H. K. CALVERT
Major, F.A.

Assistant to the Military Attaché.

Incls. 3 reports:
No. D.251; D.918R; D.643(R)

[For the original document, see Fig. D.198

There was a highly secret, heavy concrete installation at the I.G. Farben Leverkusen plant that the
Manhattan Project’s Foreign Intelligence Unit believed could be a fission reactor. (Alternatively,
it might have been a uranium enrichment facility.) It is known that I.G. Farben Leverkusen was
doing extensive work involving uranium hexafluoride throughout the war, and that other I.G.
Farben facilities were producing many other potentially nuclear-related materials.

Where are all the detailed reports on this interrogation, any other wartime intelligence on this site,
and postwar inspections of this site and interrogations of personnel who worked there?]
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Figure D.198: There was a highly secret, heavy concrete installation at the I.G. Farben Leverkusen
plant that the Manhattan Project’s Foreign Intelligence Unit believed could be a fission reactor
[NARA RG 77, Entry UD-22A, Box 171, Folder 32.7003-3 GERMANY: US Wartime Positive Int.
(Nov. 44–June 45)].
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Figure D.199: Leo Szilard to Karl Taylor Compton, 1 June 1942 [NARA RG 227, Microfilm M1392,
Bush-Conant File Relating to the Development of the Atomic Bomb, www.PaperlessArchives.com,
p. 6148]. Was this only a report of one of the subcritical fission experiments, or did a German fission
reactor at an unknown site achieve criticality by 1941–1942?
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D.6 Electronuclear Systems for Breeding Pu-239 and/or U-233

[Walther Bothe (German, 1891–1957), Walter Dällenbach (Swiss, 1892–1990), Max Steenbeck (Ger-
man, 1904–1981), Rolf Wideröe (Norwegian but studied and worked in Germany, 1902–1996), and
many others pioneered particle accelerators from their beginnings in the 1920s through World War
II (p. 2850).

The following documents show that in German-controlled areas, a considerable number of high-
energy particle accelerators were produced, and in some cases used, as high priorities during the
war. Purely scientific research would not have been su�cient justification for all of the funding,
labor, and materials that went into these accelerators when war needs and shortages were so dire. As
discussed in Appendix C (p. 2850), one motivation for some of the accelerator work was apparently
the development of directed energy weapons, yet that would only account for some small fraction
of the accelerators that were produced. Most of the accelerators appear to have been closely linked
with the German nuclear weapons program.

There are at least three possible applications for accelerators in a nuclear weapons program:

1. Measuring fundamental nuclear properties that are relevant to designing nuclear reactors and
bombs. One or two modest accelerators would have been su�cient for that purpose, and
Germany already had access to the Joliot-Curie cyclotron in Paris for such measurements.

2. Using a compact ⇠6 MeV (million electron volt) betatron to produce free neutrons in a fission
bomb at the optimal time during implosion, as discussed on pp. 3796 and 4174.

3. Using a number of accelerators in parallel to produce enough neutrons without a fission
reactor in order to breed militarily useful amounts of fissile plutonium-239 from uranium-238,
or fissile uranium-233 from thorium-232. This process is called electronuclear breeding. Fissile
neptunium-237 [Sanchez et al. 2008] could also have been bred via particle accelerators (e.g.,
by knocking a neutron out of U-238), although it probably would have been more di�cult to
produce in quantity than Pu-239 or U-233 [Benedict et al. 1981].

The sheer number and high priority of the accelerators covered in the following documents suggests
that many of those accelerators were intended for electronuclear breeding. There is some evidence
that such systems may have been operational during the war.

For information on the physics of electronuclear breeding, see p. 4148.

In addition to the documents in this section and in Appendix C, an extremely impor-
tant piece of evidence is Georgy Flerov’s story about multiple cyclotrons in a highly
secret underground SS/Reichspost installation in Silesia on pp. 3808–3814.]
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Werner Grothmann on electronuclear breeding of Pu-239 [Krotzky 2002]. For a dis-
cussion of the background and reliability of this source, see p. 3120.

[S. 40] Wichtig ist aber, dass dann später, als
wir uns in die Forschung eingeklinkt hatten,
auch versucht worden ist, Plutonium herzustellen,
auch ohne einen Reaktor. Ich kann dazu nur
sagen, das, was ich dazu heute noch weiß, habe
ich erst ganz kurz vor Kriegsende erfahren und
es sind auch nur einige Teile von dieser Sache,
weil mich das ja auch nicht im Amt betraf, mit
Ausnahme von besonderen Maßnahmen, die ich
im Auftrag von Himmler persönlich übernehmen
musste. Aber da hat mich auch niemand von den
Fachleuten informiert, sondern ich hörte nur mal
so Andeutungen.

[S. 41] Es war jedenfalls so, dass versucht
worden ist, Plutonium zu erzeugen, ohne dass
man den Reaktor hatte. In der Theorie war das
möglich, wie man Himmler erklärt hatte, in der
Praxis so gut wie unwahrscheinlich. Zum Beispiel
fehlten dazu erst mal die Geräte. Es hat aber
Versuche gegeben, im Labormaßstab, also da sind
in kleinstem Maßstab Versuche gemacht worden,
Plutonium herzustellen. Man muß sich das so
vorstellen, dass die Ergebnisse, die man erzielen
wollte, nur unvorstellbar geringe Mengen er-
bracht hätten, vielleicht so Milligramm oder noch
weniger. Es ging ja erst mal auch nur darum zu se-
hen, ob die Theorie stimmt und ob das überhaupt
klappen würde. Ich hörte dann mal, dass man das
vor allem in Österreich versucht hatte, dass die
Physiker aber enttäuscht waren, weil es eben nicht
ging, Ich weiß nicht, woran es lag, das habe ich
nicht erfahren, es gab aber dazu Besprechungen.
Im Sommer 1944, als sich die Uran-Geschichte
schon ordentlich entwickelt hatte, sind dann
entschiedene Maßnahmen vorgenommen worden,
weil es dann doch Hinweise daraufgegeben hatte,
dass man Plutonium herstellen könnte, wenn auch
mühsam und mit sehr geringen Mengen. Es hat
dazu von Himmler den Auftrag gegeben, unsere
technischen Möglichkeiten zu nutzen, um die
ersten Geräte dafür zu bauen. Die Konstruktion-
szeichnungen dafür waren aber nicht von unseren
Leuten. [...]

[p. 40] It is important, however, that later,
when we were engaged in the research,
attempts were also made to produce pluto-
nium, even without a reactor. All I can say
is that what I know about it today I did
not learn until very shortly before the end
of the war, and then only a few parts of this
matter, because that did not concern me
in o�ce, except for special measures that
I personally had to undertake on behalf of
Himmler. But I was not informed by any of
the experts about that, rather I only heard
hints.

[p. 41] At any rate, it was attempted
to produce plutonium without having a
reactor. In theory this was possible, as
Himmler was told, though as good as
unlikely in practice. For example, the
equipment was missing. However, attempts
were made to produce plutonium on the
laboratory scale, that is, on a small scale.
One has to imagine that the results which
one wanted to achieve would have only
produced inconceivably small amounts,
perhaps a milligram or even less. There
was only time to see whether the theory
was correct and whether it would work at
all. I heard then that this had been tried
especially in Austria, but that the physicists
were disappointed because it just was not
possible, I know I did not know what it
was, but there were discussions about it.
In the summer of 1944, when the uranium
program had already been developed prop-
erly, decisive measures were taken, because
there was evidence that plutonium could
be produced, albeit with di�culty and
in very small quantities. It was Himmler
who commissioned us to use our technical
capabilities to build the first machines for
it. The construction drawings for it were not
from our people. [...]
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Außerdem hatte die Reichspost in der Nähe eine
eigene ganz geheime Forschungseinrichtung, zu der
ich aber nichts weiß. Die Maschinenanlage für die
Plutonium- Sache ist von österreichischen Firmen
und im Protektorat hergestellt worden. Das war
so, weil es ja bessere Kontakte österreichischer
Wissenschaftler zu ihren eigenen Firmen gab, die
arbeiteten übrigens hervorragend. [...]

[S. 41] Der Betrieb der Anlage sollte so or-
ganisiert werden, daß wir die Einrichtung stellen
und auch den Bau der unterirdischen Räume. Die
Techniker dort sollten sie für uns betreiben und
die fachliche Aufsicht hätten Ohnesorges Leute
bekommen. [...]

Nach dem Krieg habe ich dann mal gehört,
wir hätten Material für eine oder zwei Plutonium-
Bomben gehabt. Ich kann dazu nur sagen, dass
ich das nicht glaube. Ich bin ja in dem Thema
nicht drin. Wir haben nach meiner Kenntnis dazu
nichts gehabt. Ob andere Gruppen irgendwo etwas
erzeugt haben, weiß ich nicht, ich weiß aber, wie
unglaublich schwierig das alles war. [...]

Ob von den Österreichern noch was konkret
zum Plutonium gemacht worden ist, kann ich mir
eigentlich nicht vorstellen, obwohl man manchmal
so Gerüchte hörte.

In addition, the Reichspost had its own very
secret research facility nearby, but I do not
know anything about it. The equipment for
the plutonium matter was manufactured by
Austrian companies and in the Protectorate.
This was so because Austrian scientists had
better contacts to their own companies,
which did excellent work by the way. [...]

[p. 41] The operation of the facility
was supposed to be organized such that
we provided the facility and also the con-
struction of the underground rooms. The
technicians there should operate them for us
and Ohnesorge’s people would provide the
technical supervision. [...]

After the war I heard that we had ma-
terial for one or two plutonium bombs. I
can only say that I do not believe it. I am
not on that topic. We had nothing to my
knowledge. Whether other groups produced
something anywhere, I do not know, but I
know how incredibly di�cult it all was. [...]

I can’t imagine whether the Austrians
did anything concrete about plutonium,
although one sometimes heard such rumors.

[Grothmann’s description certainly sounds like electronuclear breeding. It agrees well with other
sources here, such as the manufacture of cyclotrons in the Czechoslovakian Protectorate and Flerov’s
account of what may have been an electronuclear breeding facility in Silesia. (Details on both of
those only came out after Grothmann’s death, so his story appears to have been an independent
confirmation.) The details remembered by Grothmann are also highly consistent with the physics
of electronuclear breeding, even though Grothmann was not a scientist. Note that because of the
extreme secrecy of the nuclear program, even Grothmann was unsure how much plutonium was
produced by the end of the war.

As shown in Appendix C (p. 2850), numerous documents demonstrate that there was extensive
work throughout the war on particle accelerators, which would have been highly suitable for elec-
tronuclear breeding. Please see all of those documents in Appendix C. A few additional relevant
documents are presented on the following pages.]
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Caperton B. Horsley. 22 June 1945. CIOS ER 129. Siemens-Reiniger-Werke A.G. A.
Erlangen. B. Rudolstadt.

A. [Erlangen] 1. This plant designs and manufactures X-ray apparatus and other electro-medical
equipment. It is the largest plant of its kind in Germany. It recently had about 3,000 employees.
During the last several years it has also manufactured, but not designed, some components for
aircraft radio, instrument and control equipment.

2. The following men were interviewed: [...]

All of the above men were very cooperative.

3. A considerable amount of information was obtained regarding:

A. Their latest developments in X-ray equipment, one and six meter high-frequency medical
equipment, metal locators, shock therapy equipment, supersonic [ultrasonic] therapy equip-
ment, and Betatrons.

B. The location and general description of the most important Betatron, Cyclotron, Van de
Graa↵ generator, and mass spectrograph installations in Germany and territory that has
been occupied by the Germans.

C. Recent German research in atomic physics; particularly regarding isotope separation.

D. The possible present location of a number of German physicists and directors of research
programs. [...]

B. [Rudolstadt] 1. This plant manufactured a complete line of X-ray tubes, and valve tubes for
use in X-ray equipment. They have also recently manufactured amplifier tubes for use in telephone
systems, surge arresting tubes for protecting communications lines, several types of small gas filled
detectors for use in “timing” circuits for bombs and shells, and fluoroscopic and intensifying screens.
[...]

3. A number of tubes were found that were superior in certain respects to tubes now being manu-
factured in the United States.

4. The following personnel were interviewed [...]

All of the above men were exceedingly cooperative, and a considerable amount of seemingly valuable
information was obtained from them regarding:

A. The entire German X-ray industry.

B. Recent magnetron and other U.H.F. tube developments by Siemens-Halske.

C. The names and addresses of a number of physicists who have recently been doing work on
isotope separation.

D. The possible location of a number of men who have been in charge of recent U.H.F. develop-
mental and experimental work.
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Caperton B. Horsley. 16 July 1945. CIOS ER 174. C. H. F. Müller A.G., Hamburg,
Fuhsbuttel, Roentgenstrasse 24.

This company designed and manufactured the following equipment:

a) A line of X-Ray tubes, and a number of valve tubes for X-ray equipment

b) A line of X-Ray tube housings with flexible high tension cables.

c) A small transformer and X-Ray tube head for use with dental and Army field units.

d) Certain miscellaneous X-Ray equipment items.

e) “Cascade” high voltage generators, from 900 to 2,400 Kv. for deutron acceleration.

The following equipment was manufactured, but not designed by this company:

a) “Underwater Sound Equipment” assemblies.

b) Aircraft instrument and electrical equipment components.

c) Gas filled rectifiers for communication work.

[...] In addition to the above:

a) They were about to start the production of a magnetron that had been designed by Tele-
funken.

b) They had designed and constructed an experimental 2 M.V. betatron.

c) Working on specifications supplied by the “MV Research Assn”, at Wrist, they had con-
structed and delivered to Wrist a 15 M.V. betatron.

The following persons were interviewed, all of whom were cooperative:

Otto Gundermann, Administration Manager
Dr. Werner Fehr, Assistant Manager
Kurt Weigel, Manager of X-Ray Tube Division
Arthur Lipphaus, Mechanical Engineer
Alfred Kuntke, Chief Research and Development Engineer
Adolf Ho↵mann “Construction” Engineer

The following information was obtained:

a) General information regarding their recent production figures.
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b) Complete information regarding their X-Ray tube developments during the past 5 years.

c) Complete information regarding their design and construction of their “Cascade” high voltage
unit.

d) Complete information regarding their patent applications since 1938.

e) Miscellaneous information regarding magnetrons, betatrons, infra-red photoelectric cells, the
use of their “Cascade” units, and the activities of Dr. Ritz and Dr. Müller, both of whom
were formerly connected with this company.

A number of photostats and blueprints were made of existing documents and drawings to provide
the information outlined above. The only original documents removed from this plant covered
miscellaneous information regarding magnetrons and betatrons.

The following production items were taken from this plant for further examination:

a) Several of their more recently developed X-Ray tubes.

b) Several high voltage rectifier tubes.

c) An end-ground industrial X-Ray tube head

d) 1 dental X-Ray tube head.

e) 1 magnetron

f) An experimental 2 M.V. betatron

g) A few miscellaneous production parts.

The total floor area of this plant is about 80,000 square feet. As of the first of this year the number
of employees was about 500. The plant is in good condition and well equipped. [...]

List of Equipment, etc., Evacuated by Mr. Horsley of T.I.I.C. from 21 AG Area 1, July, 1945.

No originals except Dr. Müller’s Betatron Notebooks and Misc. Magnetron Data from C.H.F.
Müller.

BOX 1.
A. Müller Drawings re. Tubes 300 Kv. Rectifier, etc.
B. Seifert Data.
C. Miscellaneous (Electron Microscope, Philips Valve Works data, Seifert Industrial X-Ray book,
Infrared data etc.)
D. Müller Underwater Sound Unit assembly drawings.
E. Müller Patent Applications.
F. Müller Magnetron Parts.
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G. Müller gas filled Communication Tubes and Special resistance Wire.
H. Siemens & Halske Three Part Anode.

BOX 2.
2 M.V. Betatron Tubes.

BOX 3.
A. Müller Drawings of New Tubes and Dental Head.
B. Müller Neutron generator Drawings.
C. Müller Technique and Sales Bulletins, Philips Organization Chart, write-up of Hydrogen Casting
and Thoriated Filament Processes.
D. Müller Patent Applications.
E. Philips Technical Roundups.

BOX 4.
A. Müller Drawings of New Tubes and Dental Tube Head.
B. Müller, Neutron Generator Drawings.
C. Müller Technique and Sales Bulletins, Philips Organization Chart, write-up of Hydrogen Casting
and Thoriated Filament Processes.
D. Müller Patent Applications.
E. Philips Technical Round-up.
F. 15 M.V. Betatron Drawings.
G. 200 M.V. Betatron Layouts.
H. Kulenkamp↵ Paper.
I. Wrist Generator Data.
J. Wrist Patent Applications.
K. Contact Therapy Book.

[This company was designing and manufacturing high-voltage deuterium-filled tubes for use as
fusion neutron sources. It was also designing and manufacturing high-voltage betatrons. Both of
those would have made excellent neutron initiators for a fission bomb. In fact, both of those neutron
initiators were apparently described in Ilyichev’s March 1945 intelligence report on a German fission
implosion bomb design; see pp. 3789 and 4172. If these devices were mass-produced, they might
have also been useful for electronuclear breeding of fission fuel.]
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Figure D.200: Caperton Horsley’s report CIOS XXVIII-31, Investigation of the X-Ray Industry in
Germany, states that wartime German companies produced high-voltage fusion neutron generators,
betatrons, cyclotrons, color-changing temperature-sensitive paint, a wide variety of highly advanced
medical equipment, etc.
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Figure D.201: Caperton Horsley’s report CIOS XXVIII-31, Investigation of the X-Ray Industry in
Germany, states that wartime German companies produced high-voltage fusion neutron generators,
betatrons, cyclotrons, color-changing temperature-sensitive paint, a wide variety of highly advanced
medical equipment, etc.
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Figure D.202: Caperton Horsley’s report CIOS XXVIII-31, Investigation of the X-Ray Industry in
Germany, states that wartime German companies produced high-voltage fusion neutron generators,
betatrons, cyclotrons, color-changing temperature-sensitive paint, a wide variety of highly advanced
medical equipment, etc.
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Figure D.203: Caperton Horsley’s report CIOS XXVIII-31, Investigation of the X-Ray Industry in
Germany, states that wartime German companies produced high-voltage fusion neutron generators,
betatrons, cyclotrons, color-changing temperature-sensitive paint, a wide variety of highly advanced
medical equipment, etc.
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Figure D.204: Caperton Horsley’s report CIOS XXVIII-31, Investigation of the X-Ray Industry in
Germany, states that wartime German companies produced high-voltage fusion neutron generators,
betatrons, cyclotrons, color-changing temperature-sensitive paint, a wide variety of highly advanced
medical equipment, etc.



3452 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.205: Caperton Horsley’s report CIOS XXVIII-31, Investigation of the X-Ray Industry in
Germany, states that wartime German companies produced high-voltage fusion neutron generators,
betatrons, cyclotrons, color-changing temperature-sensitive paint, a wide variety of highly advanced
medical equipment, etc.
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Figure D.206: Caperton Horsley’s report CIOS XXVIII-31, Investigation of the X-Ray Industry in
Germany, states that wartime German companies produced high-voltage fusion neutron generators,
betatrons, cyclotrons, color-changing temperature-sensitive paint, a wide variety of highly advanced
medical equipment, etc.
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Figure D.207: Caperton Horsley’s report CIOS XXVIII-31, Investigation of the X-Ray Industry in
Germany, states that wartime German companies produced high-voltage fusion neutron generators,
betatrons, cyclotrons, color-changing temperature-sensitive paint, a wide variety of highly advanced
medical equipment, etc.
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Figure D.208: Caperton Horsley’s report CIOS XXVIII-31, Investigation of the X-Ray Industry in
Germany, states that wartime German companies produced high-voltage fusion neutron generators,
betatrons, cyclotrons, color-changing temperature-sensitive paint, a wide variety of highly advanced
medical equipment, etc.
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[Caperton Horsley (U.S., 1903–1988) was an expert on X-ray tubes who worked for several U.S.
medical equipment companies. As a civilian investigator in Germany after the war, he found:

• “The names and addresses of a number of physicists who have recently been doing work on
isotope separation.”

• “The location and general description of the most important Betatron, Cyclotron, Van de
Graa↵ generator, and mass spectrograph installations in Germany and territory that has
been occupied by the Germans.” These particle accelerator sites all over German-controlled
territory could have been useful for electronuclear breeding.

• High-voltage fusion neutron generators, suitable for use as neutron initiators in fission bombs,
and more advanced than the neutron initiators that were being developed in the United States.

These were extremely important aspects of the German nuclear program that Leslie Groves’s Alsos
Mission failed (at least publicly) to discover.

Leslie Groves responded by censoring Caperton Horsley’s reports and apparently reprimanding
Horsley, who does not seem to have discussed the German nuclear work again after that.]

Monthly Intelligence Summary. July–August 1945. [NARA RG 77, Entry UD-22A,
Box 168, Folder 202.3-1 LONDON OFFICE: Combined Intell Rpts.]

X SECURITY

a. It came to the attention of this o�ce that one Caperton B. HORSELY, a CIOS investigator, had
conducted an investigation in Germany during the course of which he had obtained considerable
information about betatrons. The CIOS evaluation report referring to the betatron information
was distributed in regular channels but this o�ce censored the detailed report and prevented the
distribution of undesirable information in the final report.

The system in e↵ect with CIOS for censorship of TA material was reviewed with the secretariat of
that organization and measures were taken calculated to tighten TA security.

[Caperton Horsley’s CIOS reports were censored by Leslie Groves’s o�ce because he discovered crit-
ical information regarding the German nuclear program. Where are the original, complete versions
of his reports? Where is the other information he obtained, such as the names of German scientists
doing isotope enrichment, or sites throughout German-controlled territory that were manufacturing
or using particle accelerators?]
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Air Raid, Sabotage Held Up Nazi Work on Atomic Bomb. Paducah Sun Democrat
(Paducah, Kentucky) 23 August 1945.

PRAGUE, Aug. 23—(AP)—A shattering American air raid, Czech sabotage and an accident frus-
trated German experiments in Czechoslovakia seeking to develop an atomic bomb, newspaper
accounts said here today.

A German engineer named Eisenbeck worked with the problem of releasing atomic energy in a
radio plant at Vysocany, the accounts said. A blast and fire at the plant in 1943 followed by an
American raid halted work soon after the plant resumed operations.

Some mysterious apparatus was dispatched to the Imperial Research Institute in Berlin, but Czech
workers believed they managed to damage the delicate mechanism before it was shipped, the stories
said.

[“Eisenbeck” was probably W. Isenbeck (German, 1912–19??). After the war, he worked on particle
accelerators and nuclear/particle physics at Karlsruhe and CERN.

The “American raid” may refer to a U.S. air raid on the Prague area that occurred on 25 March
1945. If that raid was at least in part due to this nuclear work, it indicates both that Germany
possessed a potentially threatening nuclear weapons program up to the end of the war, and that
the United States government was keenly aware of that fact.

The nuclear-related work mentioned in this article was probably the construction of cyclotrons
or parts for cyclotrons. Cyclotron components are known to have been manufactured during the
war at the Marconi Radioslavia plant in the Prague Vysočany neighborhood (mentioned here), at
the Volman plant in Čelákovice near Prague, and potentially at other locations in Czech territory.
Cyclotrons could have been directly useful for an electronuclear breeding program to produce
plutonium-239 or uranium-233. With suitable design modifications, they could also have been useful
for electromagnetic separation of uranium-235 from uranium-238.

Versions of this same story also appeared in a number of other newspapers, such as:

Amarillo Daily News (Amarillo, Texas) 23 August 1945, p. 12.

Democrat and Chronicle (Rochester, New York) 23 August 1945, p. 20.

Morning Herald (Uniontown, Pennsylvania) 23 August 1945, p. 9.

Somerset Daily American (Somerset, Pennsylvania) 23 August 1945, p. 5.

Daily Mail 24 August 1945, p. 1.]
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US Embassy, Prague, 15 September 1945 [NARA RG 77, Entry UD-22A, Box 160,
Folder APR 45–Dec. ’45; NARA RG 319, Entry NM3-58 Box 7 Folders TO: CZECHOSLO-
VAKIA 9-16-45–12-31-45 and FR: CZECHOSLOVAKIA 9-3-45—12-31-45]

From: US Embassy, Prague, Czechoslovakia

To: War Department

Nr: 18 15 September 1945

TOP SEC Msg nr 18 to Milid and USFET Main for G-2 sgd Woldike.

War Minister Svoboda, General Bocek and General Molotkov arrived Moscow 14th for purpose of
pressing for withdrawal of Russians troops per original agreement and also to endeavor to stop
continued industrial requisitioning by Russians.

Russians have demanded and forced General Bocek to direct compliance that all German plans,
models, parts, formulas pertaining atomic bomb, new rocket weapons, Radar disturbing submarine,
disturbing paint etc. be turned over to them. At recent London Conference of Foreign Ministers
source states that China Russia and France unsuccessfully demanded secrets of Atomic Bomb; The
following day one Battalion Russian Infantry plus Technical Troops occupied Jachimov (Achimuv)
(St Joachimsthal) mine and factory, only place producing Uranium in central Europe, despite fact
that occupation this area not provided for in Russo-Czech agreement. Russians have since demanded
Czechs treble output. My source is Czech General Sta↵ Colonel directly concerned rated A.

End

Corrected copy of CM-IN-12983 (16 Sept 45) Gen Bissell
ACTION: Gen Bissell
INFO: Gen Arnold, Gen Hull, Gen Groves, C of S
CM-IN-13810 (17 Sept 45) DTG 15/1800B da

[To aid in visualizing the locations mentioned in this document and the following
several documents, see p. 2040.

Note that this and the following messages to and from Prague involve very high-level U.S. military
o�cials responsible for air and nuclear defense:

General of the Army Henry H. Arnold, Commanding General of the Army Air Forces.

Major General Leslie Groves, Commanding General of the Manhattan Project for all nuclear-
weapons-related work and intelligence.

Major General Clayton Bissell, who was Chief of Intelligence for the Army Air Forces.

Brigadier General John Edwin Hull, who was Head of the Operations Division, War Department,
General Sta↵.]
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Military Intelligence Division W.D.G.S., Military Attaché Report Czechoslovakia.
Subject: Scientists Experimenting on Secret Weapons. I.G. No. 0403.0700. Prague.
Report No. R-42. 2 October 1945. [NARA RG 319, Entry NM3-85M, Box 19, Folder
925256]

Source and degree of reliability: Czechoslovak Counter Intelligence O�cer — A-3

1. In accordance with directions contained in War Department Cable No. 68418, of 24 September
1945, the following list of scientists, Czech and German, with their specialties and present status,
is submitted.

2. a. the HÜTTIG GROUP is probably the most important. Professor HÜTTIG was the head of the
Czechoslovak Radiological Institute during the Occupation; this is the only group which worked on
practical application in warfare of the splitting of the atom. They are not known to have conducted
any practical experiments, but they worked on the theory under the supervision of a German,
Professor Dr. BRAUN, who has just been located in Czechoslovakia and is expected in PRAHA
today’s date, where he will be available to Czech authorities. In addition to the calculations for
the atomic bomb, Professor HÜTTIG perfected a radar-disturbing paint for U-boats, a sample
of which has been promised this o�ce. Within the last few days a complete Cyclotron, which I
understand is an apparatus used in the splitting of the atom, was found in the VOLMAN Factory
at CELAKOVICE, Central Bohemia, and has been moved to PRAHA.

The HÜTTIG Group consists of:

Professor HÜTTIG, German, free but available to Czech authorities.

His principal assistant, Dr. KAFKA, German, free but available to Czech authorities.

Professor Dr. ZACEK, Czech, free but available to Czech authorities.

Professor BIEHONEK, Czech, free but available to Czech authorities.
The two latter are subject to arrest at any time.

Professor Dr. PANZAKIEWITZ, a specialist on Measuring Devices, German, in protective custody.

Professor Dr. KARAS, mathematician; he also worked on and presumably perfected a “Mother
Rocket” or multiple rocket, German, in protective custody.

Professor Dr. v. MEYEREN, specialist on Measuring Devices, German, in protective custody.

Dr. SEDLACEK, Assistant to HÜTTIG, German, protective custody.

Dr. PAUL WENZEL, principal chemist of the HÜTTIG GROUP, German, protective custody.

An engineer named PSCHERA, assistant to HÜTTIG, German, protective custody.

Three engineers named BREUER, THEIMER and WAGENKNECHT, also HÜTTIG assistants,
Germans, in protective custody.

Dr. GIESOLF, Dutch Collaborator, in protective custody, already exploited by American Technical
Intelligence Team.



3460 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

b. Next in importance are,

Dr. HELMAR FRANK, an expert on Infra-Red Rays; he is a German and in protective custody.

An engineer, GEORG GILLES, who worked on V weapons. He is a German, and in protective
custody. It is understood that an agreement has been reached whereby GILLES will ultimately be
released and turned over to American authorities to work for them, but this has not been definitively
established.

Dr. ROHSMANN, expert on explosives, German, free, but available.

An engineer named NEUMANN, an expert on Ground Installation for V-3 and on the so-called
“HAWAII” and “HAASE-GERÄTE”, German, free but available.

Professor WIECHOVSKI, an expert on mechanical details of the V-3; formerly worked in PEENEMÜNDE;
German, free but available.

c. An engineer named KOSAK, German, voluntarily or otherwise left PRAHA to work for the
Russians (see paragraph 4, Report R-32, this o�ce, dated 30 September 1945).

d. The LEINWEBER GROUP, which worked on rockets of various kinds, consists of,

Engineer LEINWEBER, expert on Acoustic Rockets; German, in protective custody.

Engineer GÜNTHER, assistant to LEINWEBER, who also independently worked on Submarine
Rockets; German, protective custody.

Engineer SALAMOUN, expert on “Waterfall” or “Cascade” [Wasserfall surface-to-air] Rockets;
German, protective custody.

e. Two German engineers named BAUER and KÄSER, who are at liberty in LIBEREC where they
have a small factory, are the inventors of a new system of rapid automotive propulsion. They are
said to possess a number of world-widepatents; for the time being, they are being left alone by the
Czech authorities.

3. All of the above can be made available at any time for interview.

AAGE WOLDIKE
Lt. Col GSC
Military Attaché

[This report stated that the Hüttig group was working on theoretical calculations for the atomic
bomb, under the supervision of a “Professor Dr. Braun” who may have helped to coordinate their
work with a larger German nuclear weapons program. Who was Braun? What organization was he
from?
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The Alsos Mission found reports from some members of the Hüttig group in the files of Walther
Gerlach, the German Plenipotentiary for Nuclear Physics during the final stages of the war.

Note that the report mentioned a cyclotron that was produced in wartime Czechoslovakia; this
cyclotron is also mentioned in subsequent documents.

Some of the engineers who worked on the “V-3” rocket are specifically identified here.

For more information on Helmar Frank, see pp. 1034–1056, 2592–2593, 4484, 4490, and 4507.]

BIOS 871. Work of Professor Hüttig on Ferromagnetic Substances for Use in Radar
Camouflage. p. 25.

(d) Prof. Dr. GUSTAV F. HÜTTING

Autobiography. H.12

G. F. Hüttig was born in Prague/Czechslovakia May 13th 1890. From 1907 he was studying technical
chemistry in Prague, where he became 1912 Engineer and got 1913 the doctors degree of technical
science. [...H]e became scientific collaborator of A. Hantzsch on the University of Leipzig. In 1914
he became Assistant in the institute of W. Biltz on the mining academy in Clausthal a. Harz in
Hannover[...] In 1921 he became in Clausthal University teacher of inorganic and physical chemistry.
From 1922–26 he was professor of inorganic, analytical and physical chemistry at the university of
Jena. From 1926 till May 5th, 1945, he was Professor of inorganic and analytical chemistry at the
German High Technical School in Prague and director of the institute. In the last years he was also
Professor of the University of Prague[...] From 1929 on he was scientific collaborator and counsellor
of the “Deutsche Gold- und Silberscheideanstalt” in Frankfurt a. Main.

Scientific Works.

The own research-works concern in the main point the following spheres: the knowledge of the
chemical a�nity especially its application on the chemistry of complexes, hydrates of salts, oxide-
hydrates/hydroxides, active matters, stoichiometry, catalysis, mixed catalyzisers, reactions between
solid bodies, system of reactions-types, powder-metallurgy production of aluminium from silicates,
producing of matters with certain qualities and more. [...]



3462 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

The Puzzle of Podmokly. Time. 12 November 1945.

Had the atomic armaments race begun? In Moscow a writer for The New Times declared that
reactionary forces in the U.S. were bent on “blackmailing humanity” by trying to keep the atomic
bomb a U.S. property.

From western Czechoslovakia, where the Elbe river bursts through the Sudeten mountains into the
flat meadow lands bordering Germany, came a di↵erent story.

Nestled in the mountains six miles from Podmokly was a vast underground factory, the Weser
Works. In the first three months of liberation the Weser Works were quiet, deserted. Now they
hummed with hidden activity. Czech and Russian security police kept close watch on the di�cult
mountain approaches.

The underground factory was a product of the war. When the Germans came to Podmokly (which
they called Bodenbach) they seized the Krizik Works, Czechoslovakia’s largest producer of copper
wire, the area was rich in coal and hydroelectric power, and had excellent communication facilities.
Later they imported French, Belgian and Russian laborers, and set them to work expanding the
Krizik plants. Laboratories were built, buildings enlarged, new units erected. One of the new units
was put underground, and was supersecret. It was known simply as “the Weser.”

The Losing Race.

In time the first secret of the Weser became apparent. Its parent plant was producing V-weapons.
But it also manufactured cyclotrons for atomic experimentation. As the Allies bombed German
laboratories, the Weser shipped new cyclotrons to secret destinations in the Reich where Hitler’s
scientists were running a losing race with history. At least three cyclotrons were shipped in the last
year and a half of war.

The retreating Germans left the Weser grounds littered with the fuselages, fins and working parts of
V-bombs. In iron safes were plans for Vergeltungswa↵e-4, said to be a giant, radio-controlled rocket
capable of being fired from Prague to the Americas. The Germans also left parts of cyclotrons and
other equipment for research in nuclear physics.

For a time the Russians showed no particular interest in the underground factory. Strangers wan-
dered in & out at will. But the explosions over Hiroshima and Nagasaki brought a quick change.
The security police moved in, and Germans who had worked in the factory were rounded up, put
back to work. Former o�cials of the Krizik Works were kept out. In northern Bohemia the Russians
took over the Jachymov mine, famed for its uranium deposits.

If the Weser’s cyclotrons were what interested the Russians, Moscow was still in the experimental
stage of atomic development. The U.S. had entered the production stage in 1943.

[The Weser and Krizik Works near Podmokly was a very large German weapons research, de-
velopment, and production complex during the war (and had been founded long before, p. 939).
It was reportedly involved in nuclear weapons work, advanced rockets, and other revolutionary
innovations.

What exactly was the V-4 rocket?

Why did Weser/Krizik produce at least three cyclotrons (or maybe more) during the war?

Can all of the records from the Weser/Krizik complex be located in Russia and released?]
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Joint Intelligence Committee. Exploitation of German Scientists and Technicians. 5
January 1946. J.I.C. 317/10. [NARA RG 218, Entry UD-1, Box 475, Folder CCS
471.9... (5-1-45)... Sec. 3]

[...]

3. The most important factors currently limiting increases in Soviet military power are shortages
of (1) industrial facilities, and (2) competent scientists and technicians. The U.S.S.R. is making
vigorous e↵orts to overcome the latter shortage by the intensive exploitation of German scientists
and technicians. Unless the migration of important German scientists and technicians into the
Soviet Zone is immediately stopped, we believe that the Soviets within a relatively short time may
equal U.S. developments in the fields of atomic research and guided missiles and may be ahead of
U.S. development in other fields of great military importance, including infra-red, television, and
jet propulsion. In the field of atomic research, for example, we estimate that German assistance
already has cut substantially, probably by several years, the time needed for the U.S.S.R. to achieve
practical results. (See Appendix “C” for additional details).

4. Important German scientists and technicians in the U.S. Zone are steadily migrating openly
or clandestinely into Soviet hands. The U.S.S.R. is o↵ering such men employment under excellent
conditions both in the Soviet Zone of Germany and in the U.S.S.R. Where Soviet o↵ers have not
been a su�cient inducement to German scientists and technicians to leave the U.S. Zone, the Soviets
have secretly removed them by force. American visits to the Soviet Zone are, furthermore, strictly
limited to a particular purpose and are permitted only with Soviet escort to see that the mission
authorized is strictly adhered to. Departure of German scientists and technicians from the Soviet
Zone is apparently limited only to those Germans for whom the U.S.S.R is certain it will have no
further use.

5. Virtually every important German laboratory, research establishment, or factory in the Soviet
Zone concerned with new devices, not bombed out, is either in full operation or has been transferred
to the U.S.S.R. with all its key personnel. The Soviets already have acquired technical knowledge,
equipment, and personnel from the Germans which should eventually enable them not only to
duplicate many important German developments, but also to continue along the lines of German
research. There is no doubt, however, that the continued recruiting by the Soviets of large numbers
of German scientists and technicians from outside the Soviet Zone will accelerate materially the
results to be obtained, as well as deny them to the United States.

6. A comprehensive list of important German scientists and technicians in the U.S. Zone, their
technical competence, and the size and composition of their families has not been compiled. Such
a list is necessary to determine the capabilities of these Germans, estimate the specific e↵ort their
continued denial to the U.S.S.R. would have on Soviet scientific and technical progress and to
determine what, if any, long-range plans are appropriate. Such a list would also be of assistance to
the War and Navy Departments in determining what German scientists and technicians should be
exploited for military purposes in the United States. It would be desirable also to have available in
the U.S. accurate information regarding Germans whom government agencies other than the War
and Navy Departments might desire to exploit for non-military purposes. [...]
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APPENDIX “C”

U.S.S.R. EXPLOITATION OF GERMAN SCIENTISTS AND TECHNICIANS

1. Interrogation of qualified German personnel both in Europe and this country, as well as numerous
intelligence reports, all indicate that long-range exploitation of German scientific and technical
personnel and facilities is both thorough and intelligent throughout the Soviet Zone. Briefly the
situation in some fields is:

a. Atomic research: The 7 top men working on atomic research in Germany were: Prof. HEISEN-
BERG, Prof. HERTZ, Baron VON ARDENNE, Prof. BOTHE, Prof. STETTER, Dr. GERLACH,
and Prof. BEVILOGUE [Ludwig Bewilogua, wartime expert on uranium piles and low temperature
physics at the Kaiser Wilhelm Institute for Physics in Berlin]. Of these HERTZ, BEVILOGUE, VON
ARDENNE, and BOTHE (Formerly in the U.S. Zone) are now working for the U.S.S.R. with many
of their assistants. Practically the entire sta↵ of the German “URANMOTOR” Project at KRAZEK
[actually Krizik-Werke or Krizik Works, part of the Weser-Werke complex near Podmokly] in
Czechoslovakia under Prof. HUETTIG is working for the U.S.S.R., so are large numbers of the
sta↵ of the Kaiser Wilhelm Institute connected with atomic research.

Still in the U.S. Zone at Zell-Am-See are an important group of German atomic scientists under
Dr. STETTER and Prof. MATTAUCH. Tempted by alluring Soviet o↵ers, this group is drifting
one by one into Soviet employ.

b. Infra-red and television. Many of Germany’s finest factories and engineers in the field of elec-
tronics are now in Soviet hands. Of special important are Dr. STUETZER, formerly Reich Plenipo-
tentiary for High Frequency Research, and Dr. STEIMEL of TELEFUNKEN. Among the many
important plants that have fallen intact into Soviet hands are several plants of BLAUPUNKT and
FERNSEH, outstanding manufacturers of infra-red and television equipment. There is little doubt
that in these fields, German developments were ahead of those in other countries. [...]

c. Guided Missiles. A number of the best men in this field, including such men as Prof. VON
BRAUN and Prof. WAGNER are at present in this country. Prof. KRAMER is at present in French
hands, but they too will be the object of solicitation by the U.S.S.R. on their eventual return to
Germany. Whereas the Soviets transferred the Kaiser Wilhelm Institutes at LICHTERFELDE and
LANKWITZ to the Soviet Union, with all the available equipment and personnel, and control the
research and testing establishments at PEENEMUENDE, BORNHOLM, and DRESDEN, they still
lack the best scientists in the guided missiles fields. Hence, their continuing e↵orts to obtain the
services of such scientists outside the Soviet zone.

d. Aircraft research and manufacturing establishments. Aircraft research establishments and engi-
neers already in Soviet hands include [...]

[Note statements such as: “unless the migration of important German scientists and technicians into
the Soviet Zone is immediately stopped, we believe that the Soviets within a relatively short time
may equal U.S. developments in the fields of atomic research,” and “in the field of atomic research...
German assistance already has cut substantially, probably by several years, the time needed for
the U.S.S.R. to achieve practical results.” This once-top-secret report of the U.S. Joint Intelligence
Committee seems to acknowledge that wartime German scientists had knowledge and capabilities
equal to U.S. developments in the field of atomic research, by stating that those scientists had the
ability to rapidly confer such knowledge and capabilities to the postwar U.S.S.R.
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The report appears to acknowledge that wartime German knowledge and accomplishments in mis-
siles, electronics, and jet aircraft significantly surpassed any non-German-assisted U.S. or Soviet
programs in those areas.

What exactly did Ludwig Bewilogua accomplish in nuclear physics during and after the war?
Where are the records on him and all of his work? He is listed here alongside Werner Heisenberg
and Walther Gerlach, yet he and his work are almost unknown.

Gustav Hertz and Manfred von Ardenne were generously rewarded by Stalin for their contributions
to the development of the Soviet atomic bomb. What all did they accomplish in Germany during
the war? What information about their wartime accomplishments reached the Soviets and made
them so eager to find and employ Hertz and von Ardenne? What exactly did they do for the Soviet
program?

What was “the German ‘URANMOTOR’ Project” at Krizik, which had an “entire sta↵”?

What exactly were all the wartime and postwar research and development projects at the Krizik-
Werke/Weser-Werke complex near Podmokly?]

Hewlett Thebaud. 2 February 1946. France Ordnance Atomic Bombs. [NARA RG 38,
Entry 98C, Box 9, Folder TSC # 2601–2700]

Information has been received from what are believed to be thoroughly reliable sources that during
the German occupation of Holland, the Dutch constructed a cyclotron at the Headquarters of the
Philips Lamp Works at Eindhoven, Holland.

The cyclotron was built from copper and other metals allocated to the German Army, yet its
construction was so cleverly concealed from the Germans as never to have been made known to
them.

There is no evidence of any atomic research in connection with the cyclotron. Work is now pro-
gressing in the television field and a larger screen model is now in the process of demonstration.

[It seems highly unlikely that a German-occupied Dutch factory would spontaneously decide to
build a cyclotron for themselves using misappropriate German materials. Far more likely is that
the cyclotron was built by the Dutch factory under contract to the German Army, but not delivered
before the end of the war. This appears to be another example of the abundance of particle accel-
erators that were being produced and utilized for high-priority but unspecified purposes during the
final years of the Third Reich.]
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Vladimir L. Rychly. Report No. 2655: Report on Visit to Czechoslovakia. 11 February
1946. [NARA RG 38, Entry 98C, Box 9, Folder TSC # 2601–2700]

A. Between 3 January and 22 January, arrangements were made with the Czech’k General Sta↵ to
visit a number of plants that had been working for the German Navy during the war. Contact was
made with this Sta↵ through the British and U.S. Military Attachés who introduced me to Gen.
BOCEK. The Czech authorities granted the permission but informed me that I would have to be
escorted throughout by the Czech Secret Police (O.B.Z.). The plants visited were the following:

1. C.S.R. ZBROJOVKA at BRNO (Moravia) [formerly Wa↵enwerke-Brünn]. This firm has in all
some eight plants in a radius of 70 Klms of BRNO. [...] Also removed [by the Russian Tech Control
Commission] were all documents, drawings and a number of leading technicians.

2. PRVNI PRNENSKA STROJIRNA, BRNO (Moravia). [...] From this plant all documents were
removed by the Russians, but no further work was carried out under their supervision.

3. BATA, ZLIN (Moravia). [...] Rubber for experimental [anti-sonar and/or anti-radar stealth]
coverings of U-boat hulls. [...]

4. ZIKMUND-CHEMA at LUTIN (Moravia). [...] All documents and valuable machinery were
removed by the Russians who, however, evacuated none of the technicians and scientists.

5. STEIN and SPOL at BRNO (Moravia). [...] Everything of interest was removed by the Russians.

6. SCHMIDDING at PODMOKLY (Bohemia). [...] By October 1945 the Russians stopped produc-
tion, removed the completed torpedoes and other weapons, duplicates of all documents and number
of German engineers to Russia.

7. WESERWERKE at DECIN (Teschen) (Bohemia). A lot of inaccurate reports have been cir-
culated about the work carried on in the vast underground workshops of this plant. It has been
reported that cyclotrons were manufactured and that in laboratories work was being carried out
on atom smashing in conjunction with uranium isotope 235.

In actual fact the following work was carried out: production of V-1 and V-2. 55mm rockets.
Schlange. Wespe. 30mm pneumatic cannon. Remote control rockets.

This plant was very strictly guarded until 1 December 1945, and it is thought that German tech-
nicians were still employed there up to that date. The plant has now been evacuated.

8. A.E.G. at BEDRICHOV (Bohemia). Manufactured F.B. Zielsuchgeraet. Pfau. Amsel. Ida 105
mine, accoustic, induction and reacting to change in water pressure. V-1 and V-2 fuses. The com-
pleted V-4. Lichtspiegelanlage.

The German scientists Pfister and Bakes, with whom I had the opportunity to speak, and some 22
other German scientists are still working on the development of the above under Czech supervision
for the Russians. The program on which this firm is still engaged is much more extensive than that
listed above. Pfister tried to pass me a copy of the complete program of work, but this was seized
from my hand by one of the O.B.Z. o�cials present.
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The O.B.Z. o�cial promised that I should obtain a copy of this program in Prague. On arrival
there General Bocek gave orders for it to be surrendered to me, but this got to the ears of Colonel
Reicin, the right hand man of General Svoboda, who forbade the authorities to let me have a copy.

Both Pfister and Bakes seemed most keen to be of assistance to us.

9. VOLMAN at CELAKOVICE (Bohemia). Manufactured 3 cyclotrons that were removed to Rus-
sia. No work was proceeding in the factory.

10. CESKO-MORAVSKA. KOLBEN-DANEK at SLANY and PRAGUE (Bohemia). [...] This plant
was bombed out entirely and as far as is known the Russians removed nothing. [...]

11. HAVEILKA PRAGUE (Bohemia). Manufactured bridge superstructures and conning towers
for U-boat types XXI, XXIII, and XXVI W. [...]

The chief engineer of the firm carried out a tirade against the management of the works in my
presence and was there and then removed by the O.B.Z.

12. ASKANIA PRAGUE (Bohemia). Works in Prague were bombed out. No permission was granted
to see the other Askania works which were reported to me by a friendly major of the Czech General
Sta↵ as being inaccessible to Czechs and under Russian control.

B. Further information was obtained about a number of firms by uno�cial visits and by enquiries
in the right quarter.

1. Jet Propulsion laboratory at Turnov (Bohemia). This was cleaned out by the Russians in October
or November 1945, and the scientists including Germans were removed by the Russians.

2. Radium production plant at Jachymov (Bohemia). The following information about this plant
was given by a secretary in the Ministry of Mines in Prague who will produce a detailed report
of work going on in this mine. Since 1863 uranium ore has been mined here and utilized for
the manufacture of radium. Pre-war production of radium amounted to about 2 grams per year.
When the Germans moved in, they destroyed the whole factory. At this time, the entire stock of
radium amounted to 20 grams. The Germans put mining on a high priority and only mining was
done throughout the 6 years occupation. The ore was delivered by special planes to Germany and
Austria.

Before the Russians entered Czechoslovakia they made arrangements with the Allies to alter their
western boundary for the purpose of including the Jachymov mine which they considered of such
importance. On arrival, they put a strong guard around the mine. It has been reported that they
removed the ore by night in trucks, but this is unconfirmed. Since then the Russians have o�cially
left and the mine is under Czech administration though almost certainly under Russian control.
The production at present is 1 gram of radium from 10,000 kgms of ore. Engineer Koblitz has been
commissioned to put the radium processing plant into production and has been or will be sent to
England or the U.S. to study our method of production. It is not yet certain whether the output
will go to the Czechoslovak State for medical purposes or will be exported to Russia.

3. POLDINA-HUT at VITKOVICE (Moravia). [...] The Russians have taken over the whole plant.
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4. SIEMENS at CESKE BUDEJOVIC (Bohemia). Two factories were seen from the outside in this
town. There was a strong guard outside. Work is going on in altogether 17 Siemens factories and
according to a Czech sta↵ o�cer, it is under Russian supervision because only specially authorized
Czechs are allowed there.

5. STALIN WORKS at DUCHCOV (Bohemia). [...] The plant is at present guarded by 400 of the
Czech militia.

C. General Report on State of Czech Factories.

All factories formerly engaged on war production and many others besides have been nationalized
and are under the control of the so-called National Administrator, who in every case is a Communist
and has been installed under Russian influence. In almost all cases, these administrators have proved
themselves incapable of running a factory with the result that there has been trouble in the form
of protests among the employees. In some cases these administrators have already been removed
and replaced by more competent Communists.

[...] None of the Russian Naptha promised in exchange for Czech coal and textile products has been
delivered.

D. OBZ [...]

History: OBZ is the secret Service of Czechoslovakia. It was formed... on the instigation of the Red
Army. [...]

The whole organization is based on the lines of the NKVD. [...]

The Russians are by no means dependent on the OBZ for secret service activities inside Czechoslo-
vakia. They have their own excellent independent agents who in fact guide the activities of OBZ.
[...]
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[Vladimir “Val” Rychly was born in the U.S. in 1909 to parents who were immigrants from
Czechoslovakia. He grew up speaking Czech, knew ten other languages, and had a celebrated career
in U.S. Naval Intelligence. See: Marvin B. Durning. 2007. World Turned Upside Down: U.S. Naval
Intelligence and the Early Cold War Struggle for Germany. Washington, D.C.: Potomac Books.

Rychly’s report demonstrates how little postwar U.S. inspectors were able to learn of wartime
German work in Czechoslovakia. This rare visit, by a lone Navy lieutenant, came after many other
U.S. inspectors were denied or sent away empty-handed. Rychly’s report does not even mention
some of the major known wartime German research and development locations in Czechoslovakia
such as Skoda in Pilsen. Of the locations that Rychly does list, most he was not allowed to visit,
or everything had been removed from them by the time he visited. Where Rychly was allowed to
visit a site that was still active, he was closely escorted by the OBZ Czechoslovakian secret service
and denied access to any information they did not want him to have.

Virtually all documentation, prototypes, laboratories, and scientists connected to wartime German
work in Czechoslovakia were removed to the Soviet Union. Presumably that information is still
buried in Russian archives if it can be found and released.

Is there any relevant surviving information about wartime German work in Czech archives that
was not removed or destroyed by the Soviets or their Czech allies?

What other information about wartime German work in Czechoslovakia do the U.S. and U.K. have
from intelligence reports or from individuals who escaped to the west? What else can be found in
U.S. and U.K. archives?

Rychly’s report does not necessarily negate other reports about the Weser/Krizik complex being
involved with work related to nuclear weapons and advanced rockets. Since the plant was cleaned out
by the time Rychly visited, his only o�cial information about Weser was apparently whatever his
OBZ escorts wanted him to hear. As shown in item 8 of Rychly’s report (A.E.G. at BEDRICHOV),
actual work at these locations was much more extensive than admitted, and details of that work
were blocked by the OBZ and other Czech o�cials.

From several available documents, “Pfau” seems to have been a general name for certain types of
automated guidance systems for missiles and torpedoes [see for example pp. 4504, 4512; Trenkle
1987, pp. 121, 123].

Rychly stated that the V-4 rocket was actually “completed,” so it was far more than a paper
design. The fact that Rychly could mention the V-4 without further explanation suggests that
the high-ranking U.S. military o�cials to whom he was reporting were already well aware of the
existence and details of the V-4 rocket. Indeed, according to other U.S. military o�cials (p. 4504),
this V-4 had both an increased range and an improved payload compared to the much better known
A-4 (V-2) rocket. For more information on the V-4 rocket in particular and the Rychly reports in
general, see pp. 4484↵. and especially 4504.

Volman was a large engineering design and manufacturing company founded and run in Čelákovice
by Josef Volman (Austrian/Czech, 1883–1943). Why were the Germans mass-producing cyclotrons
at Volman? They reportedly shipped at least three to other German programs during the war, and
had at least three left over that were claimed by the Soviet Union after the war. Were cyclotrons
being mass-produced at Volman (and elsewhere) and then being used somewhere for electronuclear
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breeding?

Note that advanced U-boats were being produced, and in the mountains of central Europe. Ad-
vanced jet propulsion work was being done there too.

This report is strong evidence that from 1939 to 1945, Germans used uranium ore from Jachy-
mov (and perhaps other sources as well) for a secret, high-priority purpose that was not radium
extraction:

• The Germans put uranium ore mining at Jachymov on a high priority no later than 1939 and
continued until 1945.

• 10,000 kg of uranium ore yields 1 gram of radium, so if the Germans were primarily interested
in the radium, extracting the radium at or near Jachymov would reduce how much material
needed to be transported by a factor of 10,000,000, and also avoid contaminating Germany
with all the waste byproducts of the extraction. Instead, the Germans destroyed the radium-
extraction factory at Jachymov in 1939, never replaced it, and transported away all the ore.

• Uranium ore is very heavy, yet instead of using trains or trucks, the Germans used “special
planes” to carry away the ore, again indicating a very high priority as well as a sense of urgency.
It is also much harder to trace where planes go than where trains go, so this arrangement
conferred a much higher level of security too.

• O�cially Germany only had one uranium ore processing facility, Auer near Berlin, but the
“special planes” also delivered uranium ore to Austria. What facility or facilities in Austria
were processing the uranium ore—Treibacher or other places? Of the ore delivered to Ger-
many, did any go to facilities other than Auer? Did ore only go to Germany and Austria, or
could there have been deliveries to processing facilities elsewhere, such as Poland?

• The extreme level of Russian interest in Jachymov may indicate that the Russians knew how
the Germans had been using the ore from Jachymov.]
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Figure D.209: 9 August 1945 letter from the Volman company regarding the wartime production
of cyclotrons for Germany. [Vojenský historický archiv, Vědecký technický ústav 1945–1946, kart.
1. Courtesy of Jaroslav Mareš.]
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Figure D.210: 9 August 1945 letter from the Volman company regarding the wartime production
of cyclotrons for Germany. [Vojenský historický archiv, Vědecký technický ústav 1945–1946, kart.
1. Courtesy of Jaroslav Mareš.]
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9 August 1945 letter from the Volman company regarding the wartime production of
cyclotrons for Germany. [Vojenský historický archiv, Vědecký technický ústav 1945–
1946, kart. 1. Courtesy of Jaroslav Mareš.]

Subject: Cyclotron.

We have received your letter of the above dates and thank you especially for the interest you have
shown in the cyclotron, substantial parts of which were manufactured in our plant.

The order for the above-mentioned device was awarded to us by the President of the Research
Institute of the Reichspost [Amt für Physikalische Sonderfragen], Berlin-Zehlendorf 1 under No.
101 APS 47681 IE-2. The complete device was to be assembled in Miersdorf (über Zeuthen), where
a special building was erected for this purpose.

According to the information we have been able to obtain, they already have on site:

1. magnets,

2. a short-wave oscillator supplied by Lorenz Berlin-Tempelhof,

3. vacuum pumping equipment (supplier unknown)

4. ring and dipoles, product of AEG Berlin.

The following parts were supplied by us:

1. High frequency current supply to the pole plates, so called Lecherleitung, with complete water
cooling, current supply, shielding device, and adjustable holders,

2. a copper cylinder of 870 mm diameter, 2,000 mm long, fitted with fixing and operating flanges,
which are ready to be wound,

3. elbows and a shut-o↵ device to achieve a dilution of 10�6 (the relevant pumps were not
supplied by us),

4. the previous body between the cylinder and the pole attachments, 1 m long, square on one
side, passing into a circular shape with a diameter of 780 mm on the other side, with the
appropriate welding flanges (these parts are made of forged copper or brass to achieve a high
vacuum),

5. the rail track on the columns to be concreted, the part of the track that comes between the
magnets is made of brass (originally they were to be made of remanite).

The other parts, such as the ion source, the slide holder with beryl plate and the current supply for
the dipoles, were made by us, but sent to the Radioslavia company, Prague-Vysočany, where they
were perhaps destroyed in the air raid of 24 March this year. We assume that Radioslavia could
also provide you with some information regarding the device.
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Figure D.211: 4 October 1945 letter from the Czechoslovakian OBZ security service regarding the
wartime production of cyclotrons for Germany. [Vojenský historický archiv, Vědecký technický
ústav 1945–1946, kart. 1. Courtesy of Jaroslav Mareš.]
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Figure D.212: 4 October 1945 letter from the Czechoslovakian OBZ security service regarding the
wartime production of cyclotrons for Germany. [Vojenský historický archiv, Vědecký technický
ústav 1945–1946, kart. 1. Courtesy of Jaroslav Mareš.]
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4 October 1945 letter from the Czechoslovakian OBZ security service regarding the
wartime production of cyclotrons for Germany. [Vojenský historický archiv, Vědecký
technický ústav 1945–1946, kart. 1. Courtesy of Jaroslav Mareš.]

I am submitting the report on the atomic weapon for further discussion by the relevant technical
experts:

The OBZ body has sought out the chief designer of the Marconi factory, now Radioslavia, Eng.
Klika, at their new factory in Vršovice, tr. Krále Jǐŕıho, former Kanold factory. He tells about the
“cyclotron,” a device for splitting atoms, which is produced by them:

In the spring of 1944 they received drawings of the components of the atom smashing apparatus
from the Reichspost research institute in Berlin. The director of the research institute was Dr.
Salow, who also took up the problem. He had about two other assistants with him. They chose a
designer, but in the judgment of Mr. Ing. The wrong one, namely from the shipbuilding field, one
Tennies. With the help of this engineer they made drawings and commissioned them to various
companies. Marconi in Hloubět́ın received the main part of the “cyclotron”, i.e. the “vacuum
system” - D electrodes. Part of the vacuum system, i.e. the vacuum space, was handed over to
Volman-Celákovice. Stabenov-Křiž́ık still cooperated with Volman in Čelákovice.

The 50 ton magnet was supplied by Kapsch in Vienna. The 50 kW transmitter with 20 m wavelength
was made by Lorenz in Berlin. The AEG company in Berlin made the circular crown from brass.

At “Marconi,” the commissioner of Marconi, the postmaster Einbeck, Dr. Salow, head of the re-
search institute in Berlin, Tennies, engineer of the same institute and Ing. Klika, chief designer of
Marconi. The director Schebesta and the chief designer of the factory, Ruzicka, who was in charge
of the whole matter at Volmani, were present from Volmani.

The Marconi company did not achieve any positive results, because they kept encountering con-
struction errors (the designer hard-wired several parts together) and thus deliberately delayed the
completion. The raid on Libeň also hit the Marconi factory hard and destroyed everything there,
except for some 3 m tubes that belong to the cyclotron. The drawings and blueprints were burned.
Volman did have some results and the Germans also took the finished things somewhere just before
the change of government. The drawings that were saved by the company were probably handed
over by Mr. Ruzicka to the Russian Colonel Petelin, who has been following the whole thing avidly.
This o�cer summoned Ing. Klika and asked for his opinion on the whole apparatus, and wanted
him to indicate in red pencil on the drawings, which he would not give him out of hand, the places
which would otherwise have to be solved technically, but privately at home. So far this has not
happened, because Ing. Klika has reproached him for the whole apparatus being structurally all
wrong.

Ing. Klika is surprised that foreign countries have already become interested in the “cyclotron,”
whereas our army has not shown interest in it so far. He claims that directly at the Marconi
company he has a very good calculator who, using basic measurements and with the cooperation
of several experts from di↵erent branches, could constructively solve and manufacture the device,
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after getting pre-war literature from America (which was previously freely printed). The literature
needs to be used as a basis so that one does not have to work from scratch.

Mr. Ing. Klika characterises Ing. Růžička as a man who had read something in a hurry, because in
conversation he “name-drops” ions and other words. He is a 50-year-old gentleman who wants to
improve his position and therefore tried to get as many details as possible from Colonel Petyelin. The
colonel belongs to a trophy troop still in Prague. He lives somewhere on Rokoska /:on Hanspaulka:/.

Ing. Klika has the impression that German military circles have issued an appeal to all research
institutes in the Reich to look into this problem. He points out that the Rhode & S[ch]warz,
Munich, produced the “cyclotron” or its components for the Manfred von Ardenne Institute in
Berlin [Forschungslaboratorium für Elektronenphysik]. This “cyclotron” was probably finished. The
problem was not a new one, because already in 1936 a “cyclotron” had been produced by Brown-
Boveri for the Zurich Technique.

At an uno�cial meeting of industrialists, attended by Dr. Matula, head of the Radiological Institute,
Director Ostrčil, Havelka, Colonel Mrázek, Dr. Hrdina, Ing. Klika, Colonel Vaněk from the Western
Army, proposed a kind of research institute where the problem would be continued. Colonel Vanek,
who himself had chased V1 weapons on a fighter, discussed these weapons and the V2, against which
there was no defence at all because of its amazing speed of 5,000 km per hour at 100 km. He points
out that the V2 with its atomic charge is the weapon of the future. The V2 was fired perpendicularly
upwards, guided between 4 radio beams, at 100km altitude it encountered a horizontal beam on
which it straightened out, and at that altitude it continued horizontally guided by that beam to
above the target, where it crashed to earth in a parabola. V2 was produced in Jirkov near Ervenice.
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Figure D.213: Diagram of a cyclotron manufactured in German-occupied Czechslovakia for the
German nuclear program [NARA RG 38, Entry 98C, Box 11, Folder TSC # 3101–3200].
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Vladimir L. Rychly. Cyclotrons Manufactured in Czechoslovakia. 2 September 1946.
[NARA RG 38, Entry 98C, Box 11, Folder TSC # 3101–3200]

1. Attempts to manufacture cyclotrons for Laboratory nuclear physics research were made in
C̆elakovice, Czechoslovakia (15 miles East of Praha) by three major C̆elakovice Industrial plants:

a.) Volman, C̆elakovice,

b.) Radioslavia, C̆elakovice,

c.) Kr̆iz̆́ık, C̆elakovice.

All original plans for the Cyclotron construction originated in Germany. The work in C̆elakovice
was under German supervision, and the construction was the responsibility of the following German
engineers:

a.) dr. Bajer,

b.) dr. Salow,

c.) dr. Ing Tönies.

The cyclotron completed in C̆elakovice was originally intended for the German nuclear physics
research laboratory in MIERSDORF in Germany. It was composed out of 6 main sections, namely:

a.) electro-magnet,

b.) vacuum pumps,

c.) tubes,

d.) crown-chamber with D-poles,

e.) cylinder,

f.) railes.

C̆elakovice was responsible for the last three sections of the Cyclotron. The first three sections
were the commitment of other factories either in Germany or in Czechoslovakia. There is some
scant evidence to believe that the Siemens plant in Praha was charged with the responsibility
of completing the required tubes for the cyclotron. The electro-magnet, according to engineers
responsible to the German authorities was a huge a↵air of several hundred tons. This was a mere
guess, as the electro-magnet, when seen completely crated, loaded on two large flat-cars and ready
for shipment.

2. The attached sketch of the Cyclotron section d. e. and f. [p. 3478] obtained from dr. Ing. Ruz̆ek,
Chief Constructor of the Volman plant in C̆elakovice, may provide possibilities for detailed infor-
mation. As all original drawings and documents were confiscated by the Soviet missions during
the days of occupation, the only possible indication of the capacity of the completed cyclotron in
C̆elakovice, is the intensity of the radiation (illumination) in that section of the cyclotron in which
the protons hasten the nucleus of the hydrogen atom as the circulating electrons are freely released.
The intensity of the radiation (illumination) is claimed to be 6 · 106 volts.
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3. The main di�culties encountered during the work on the first attempts to complete a cyclotron
in C̆elakovice were defeated as the work progressed. [...]

4. As soon as the Russian troops occupied Czechoslovakia, the three plants in C̆elakovice were
completely surrounded by Russian guards, and members of the Soviet Technical Units made nec-
essary arrangement to have the cyclotron pre-tested, and all defective materials removed. As more
commissions arrived from Russia the popularity of the C̆elakovice Cyclotron increased. However,
it was not until November 1945 that the Cyclotron was carefully crated and removed to Russia.
Destination unknown. [...] However, not one single part of Cyclotron construction remained in
Czechoslovakia.

Vladimir L. Rychly. 31 October 1946. Cable IN 175. [NARA RG 77, Entry UD-22A,
Box 160, Folder 205.2 Cables Incoming, Top Secret]

Volmann never engaged nuclear physics research. Refer CNO 122106. He was proprietor of famous
Czecho factory in C̆elakovice near Praha and directly responsible for cyclotron delivery to German
Reichspost nuclear physics laboratory in Miersdorf, Germany. Factories Radioslavia and Krizik
both located C̆elakovice only assisted in construction. German specialists Dr Baier, Dr Salow, Ing
Tonies supervised cyclo construction all three plants. Rheotron designations used by Soviets during
inspection Volmann plant.

New Subject:
All pitchblende ore from Jacymov leaving Czecho for Soviet Zone Germany. Present status activity
Jacymov mines under investigation.

[These further reports by Rychly give a great deal of additional information about the cyclotron(s)
produced in wartime Czechoslovakia.

Based on the reported 6 MeV energy and the physical size of the cyclotron, it sounds very similar
to the cyclotrons at the University of California Berkeley that Ernest Lawrence used to produce
microgram quantities of plutonium in 1940. Was the German program in 1945 at roughly the same
point as Lawrence’s experiments in 1940? Or as an alternative to using a fission reactor to produce
plutonium, were the Germans trying to produce physically useful quantities of plutonium-239 (or
possibly uranium-233) by operating a number of cyclotrons in parallel for a long period of time
(electronuclear breeding)?

On the other hand, perhaps the cyclotrons, or modified versions of cyclotrons, were intended to
serve as electromagnetic separators to enrich uranium-235 from natural uranium.

One of the Reichspost’s nuclear research facilities was located in Miersdorf. Scholars should inves-
tigate much further to find out exactly what work was conducted at that and other Reichspost
facilities.]
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Vladimir L. Rychly. 17 December 1946. Russia—Soviet Nuclear Research Apparatus.
[NARA RG 38, Entry 98C, Box 12, Folder TSC # 3401–3500]

During one of his lectures conducted at the Charles University in Praha, Czechoslovakia, Dr. Ing.
Kolmann who spent over 15 years in Russia, in a brief discussion on Atomic Research in U.S.S.R.,
claimed:

(1) The Soviets have in their possession one of the largest cyclotrons that was ever built. It was
originally designed for the Soviet Academy of Science.

DESCRIPTIONS:

(a) The weight of the electro-magnet approximately 1000 tons.

(b) The size of poles were estimated as follows:

(1) diameter——————— 3 meters

(2) height———————— 8 meters

(3) length———————— 8 meters

Serious di�culties were encountered as the cyclotron was installed. The building in which the
cyclotron at present is located was heavily insulated. The estimated size of the building is about
12,000 cubic metres.

It was stated that this cyclotron is capable of producing deut[er]ons with an energy of approximately
50 million electron-volts.

(2) The Soviet Academy of Science is about ready to install the newly developed synchrotron for
experimental purposes. It is expected that the energy of the synchrotron will be about 300 million
electron-volts.

(3) In his technical publication Dr. Ing. Kolmann made some mention of the betatron which has
several advantages over the cyclotron. The betatron is said to be much smaller than the cyclotron.
Based upon the principal of an electronic lamp with a diameter of about 300 millimeters, the electric
current produced by the electronic lamp receives quicker action from the installed magnetic fields.
The energy produced by this so-called “electronic speedster” was estimated at about 100 million
electronic volts.

[It seems quite unlikely that such very large particle accelerators were produced by the Soviet
Union itself during or immediately after the war, when the Soviet Union was desperately fighting
or recovering from the war, very deficient in both scientists and scientific equipment, and devoting
all available resources to more fundamental priorities.

Rather, it seems much more likely that these very large particle accelerators were produced by and
for wartime German programs. The report mentioned that “serious di�culties were encountered as
the cyclotron was installed.” That suggests that the cyclotron was not designed and built for the
space where it was ultimately installed, and that it was not installed by the people who designed
and built it.

Similarly, the 300 MeV synchrotron and the 100 MeV betatron mentioned in the same report were
probably also produced by wartime German programs.]
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Col. Baskin R. Lawrence. 4 June 1947. Memorandum for Chief, Air Intelligence Divi-
sion. Subject: Daily Activity Report. [AFHRA A1036 electronic pp. 1910–1911, frames
2238–2239]

[...] The Intelligence Review of 1 May 1947 contains an item which may go far to explain the
Sukhumi problem. It will be recalled that there were reports to the e↵ect that the Russians were
building in the Sukhumi area an atomic bomb plant in dimensions as large as Oak Ridge. It will
also be recalled that there were various reasons why these reports seemed to be unreliable.

However, the reports contained the specific information that German physicists had been seen
traveling through Sukhumi. The Intelligence Review (p. 62) now reveals that a small cyclotron,
which the Russians had removed from Berlin, was installed at Sukhumi. Since cyclotrons, especially
of a small size, are laboratory equipment, and are not needed in the actual production of atomic
bombs or atomic materials, the conclusion may be drawn that the Russians established at Sukhumi
a nuclear physics laboratory.

Attention is invited to the fact that two larger cyclotrons, classed as “moderate” in size were
removed by the Russians from Leipzig and Czechoslovakia. Their present location is unknown.

[All of the documents in this section raise the same question. Why was Germany building so many
particle accelerators, and accelerators with such high energies, as a very high priority during and
even late in the war? That could not have been justified by pure science experiments. There must
have been a clear wartime purpose, such as electronuclear breeding of Pu-239 and/or U-233.]
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D.7 Production of Other Potentially Nuclear-Related Materials

[During the war, Germany produced large quantities of materials that had non-nuclear applications,
yet would also have been extremely useful for a nuclear weapons program; see Table D.1.]

Material Nuclear applications Non-nuclear appl. Wartime production

Deuterium & Producing tritium, neutrons, Isotope labelling At least ⇠20
heavy water & fusion; neutron moderator of molecules production
(p. 3484) for fission reactor plants
Lithium Producing tritium, Processing ceramics, Hundreds
(p. 3519) neutrons, fusion glass, metals of tons
Beryllium Neutron production/ Metal alloys Many
(p. 3524) reflection tons
Boron Neutron absorber Producing ceramics, Large

(p. 3526) glass, metals quantities
Graphite Neutron moderator Rocket rudders Tens of thousands
(p. 3527) for fission reactor of tons
Fluorine Uranium hexafluoride Industrial Thousands
(p. 3531) for enrichment production of tons
Aluminum Reactor fuel cladding, Metal structures, Thousands
(p. 3534) bomb casings packaging of tons
Calcium Thorium/uranium/ Metal alloys Thousands
(p. 3539) plutonium purification of tons
Nickel Resists corrosion by Batteries, alloys Thousands

(p. 3545) uranium hexafluoride of tons
Zirconium Reactor fuel cladding High-temperature Many
(p. 3548) metals, ceramics tons
Cadmium Neutron absorber Nickel-cadmium Thousands
(p. 3551) batteries of tons

Table D.1: Materials with both nuclear and non-nuclear applications that were mass-produced in
wartime Germany.

[The following documents illustrate the large-scale production of these materials. From these doc-
uments, it is not possible to determine whether or how much of the material was used for nuclear
applications, but clearly the materials were readily available if some quantity of them had been
requested by a high-priority nuclear program.

Some sites were producing multiple nuclear-related materials at the same location. For example, I.G.
Farben’s Bitterfeld facility is documented to have been producing heavy water (p. 3497), graphite
(p. 3527), aluminum (p. 3536), and calcium (pp. 3540, 3543); Bitterfeld may have produced other
relevant materials as well.
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Intriguingly, significant quantities of many of these nuclear-related materials were also shipped to
Japan, Germany’s wartime ally, along with at least 560 kg of (possibly enriched) uranium and other
cutting-edge military technologies—see pp. 3522 and 3961.

Any nuclear-related production programs in wartime Germany would have had access to a larger
labor pool than comparable programs in the United States. The population of the greater German-
speaking world was equal to or somewhat greater than that of the United States at the time (Section
10.1.1). Including the populations of countries that were allied with or occupied by Germany, the
total population of German-controlled territory was far larger than that of the United States.
Likewise, Germany had access to power plants and fuel sources throughout most of Europe, and
also built more during the war (e.g., pp. 3306–3310), so energy would not have been a limiting
factor for nuclear-related production.]

A. Deuterium/Heavy Water

[Deuterium (D, a hydrogen isotope with one neutron, compared to normal hydrogen without any
neutrons) is a great fusion fuel and can be used as a source for producing neutrons and tritium (T,
a hydrogen isotope with two neutrons). In the form of deuterated or heavy water (D2O), it is also
an excellent neutron moderator for fission reactors.

According to o�cial histories, Germany never even got a small prototype fission reactor operational
before the end of the war, and only used heavy water for scientific research purposes. Moreover,
according to o�cial histories, heavy water was only produced in significant quantities at the Norsk
Hydro hydrogen factory in Vemork, Norway, which was famously attacked by Allied forces and the
Norwegian Resistance and forced to shut down.

In fact, the following documents demonstrate that heavy water production facilities for the German
nuclear program were located at (see Fig. D.214):

1. Vemork, Norway (pp. 3487–3492).

2. S̊aheim, Norway (p. 3493).

3. Notodden, Norway (p. 3494).

4. I.G. Farben Leuna Werke, low-pressure production plant (pp. 3495–3497).

5. I.G. Farben Leuna Werke, high-pressure production plant (pp. 3495–3497).

6. I.G. Farben Bitterfeld (pp. 3497–3498) [Karlsch 2005, p. 110; Sadovsky 2011b].

7. I.G. Farben Halle (pp. 3499–3502).

8. Kiel, probably adjacent to the Deutsche Werke Kiel (pp. 3503–3508).

9. Dräger Werke, Lübeck (p. 3509).
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10. I.G. Farben Auschwitz in Poland (pp. 3510, 3764).

11. Chemische Fabrik Griesheim-Elektron, Frankfurt am Main (pp. 3510–3511).

12. Lüde plant, Berlin (p. 3512).

13. Linde plant, Munich (p. 3512).

14. Montecatini plant, Sinigo-Merano, Italy (p. 3512).

15. Montecatini plant, Cotrone/Crotone, Italy (p. 3512).

16. Weer, near Wattens, Tyrol, in the Austrian Alps (p. 3513).

17. Near the Schmiedeberg (now Kowary, Poland) uranium mine [Witkowski 2013, p. 224].

18. Lehesten, Siemens and Halske plant (pp. 3300, 3331)?

19. B9 Quarz underground complex near Roggendorf and Melk, Austria (p. 3517–3518)?

20. Bayrische Sticksto↵werke in Piesteritz (p. 3764)?

21. Other possible locations?

The documents in this section show that Germany was producing large quantities of heavy water
in a very determined fashion at numerous plants all over Europe, despite the di�culties of Allied
bombing and the urgent wartime needs to produce other materials and products. The existence
of this massive, high priority, highly secretive heavy water production program strongly suggests
that one or more fission reactors may have actually been operational during the war. At the very
least, it seems to indicate that Germany was trying to get reactors operational as soon as possible.
Germany may have also needed significant quantities of deuterium/heavy water for electronuclear
breeding of fission fuel and/or for fusion fuel production.]
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Figure D.214: Heavy water production facilities for the German nuclear program.



D.7. PRODUCTION OF OTHER POTENTIALLY NUCLEAR-RELATED MATERIALS 3487

Heavy water production at Vemork for the years 1934/35–1944/45 [courtesy of Gun-
hild Lur̊as, Norwegian Industrial Workers Museum archive, Vemork]

Time period D2O produced
1 July 1934–30 June 1935 37.44 kg
1 July 1935–30 June 1936 81.50 kg
1 July 1936–30 June 1937 89.70 kg
1 July 1937–30 June 1938 77.35 kg
1 July 1938–30 June 1939 104.92 kg
1 July 1939–30 June 1940 20.35 kg
1 July 1940–30 June 1941 287.75 kg
1 July 1941–30 June 1942 870 kg
1 July 1942–30 June 1943 1179 kg
1 July 1943–30 June 1944 487 kg
1 July 1944–30 June 1945 0 kg

[According to the Vemork production reports, the produced heavy water had a typical purity of
99.6% during this period.

According to the Vemork archives, a significant quantity of deuterium was also produced and
shipped to Germany in forms other than heavy water—as deuterium gas, deuterated ammonia, etc.
From the surviving records, it is unclear what the total quantities of deuterium were.

The Vemork archives show that Norwegian plants at S̊aheim (p. 3493) and Notodden (p. 3494) were
also producing and shipping heavy water and/or deuterium to Germany. The surviving records do
not indicate how much was produced and shipped by those plants.

In December 1939, Vemork received an order from I.G. Farben for 10 kg of heavy water, presumably
in order to test its quality. (Up to that time, Vemork had only sold a total of 40 kg of heavy water
since beginning production.)

In January 1940, Vemork then received an order from I.G. Farben for 2000 kg of heavy water.

Germany invaded Norway on 9 April 1940 and took over Vemork in early May 1940.

Paul Harteck, Hans Suess, Karl Wirtz, Kurt Diebner, and other German and Austrian scientists
worked closely with Vemork to increase its heavy water production. Ongoing orders for heavy water
were placed by the Heereswa↵enamt (Army Ordnance O�ce) in Berlin-Dahlem.

Thus Germany had a strong interest in obtaining large amounts of heavy water from 1939 onward,
consistent with its strong interest in obtaining large amounts of uranium from 1939 onward (see
for example p. 3467).

After several attacks and acts of sabotage by the British Special Operations Executive (SOE) and
the Norwegian Resistance 1942–1944, heavy but unsuccessful Allied aerial bombing in November
1943, and the threat of further Allied bombing, in 1944 the Vemork heavy water production equip-
ment was disassembled and sent to Germany. It is unclear if or where it was reassembled and
restarted.]



3488 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

G-188. Paul Harteck, H. Suess, Konsul Schoepke, N. Stephansen, and J. Brun. Minutes
of the Meeting at Norsk Hydro. 27 May 1942.

Brief notes on proposed catalysts, procurement of a ventilator, mixers, preheaters, coolers, steel
flasks, etc. Plant again in operation since May 12 and about 60 kg D2O now on hand.

G-262. Paul Harteck. Status of Deuterium Production. 1944.

Progress of D production in Norway and di�culties resulting from sabotage and bombing are re-
ported for the period from 1941 to 1943 when production was discontinued. Suitability of various
procedures for production of D in Germany are discussed. Procedures proposed use either distilla-
tion of equilibrium exchange (H2 + HDO $ HD + H2O; or H2S + HDO $ HDS + H2O.)

William Casey. 1988. The Secret War Against Hitler. Washington, DC: Regnery Gate-
way. p. 54.

In April 1945, the dismantled high concentration plant was found in Bavaria, together with uranium
and heavy water on the brink of going critical, lacking about 700 liters of additional heavy water.
The Germans were never able to get out of Norway much more than half the heavy water they
needed. Nobel prize-winner [Eugene] Wigner, one of the physicists driven out of Germany, had in
1942 told the American government that the Germans would produce a nuclear weapon in two
years. If Vemork had been allowed to maintain its rate of heavy water output through 1943 and
1944, he might have been right.

[Was Casey referring to Diebner’s pile that had been evacuated to Bavaria? Or the Haigerloch pile
(not in Bavaria)? Or something else?]
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Figure D.215: The Norsk Hydro Vemork power plant in Norway. During the war, heavy water was
produced in the hydrogen factory building (now mostly demolished) that stood in front of the power
plant.
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Figure D.216: German AEG electric generators inside the Vemork power plant.
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Figure D.217: Remains of the Vemork heavy water collection cellar of the hydrogen factory (above)
and a museum display of what the heavy water cellar looked like during the war.
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Figure D.218: A memorial plaque beside Lake Tinn near Vemork commemorates the location where
the DF Hydro ferry carrying the final barrels of heavy water was sunk by the Special Operations
Executive and the Norwegian Resistance. The plaque gives the names of those who died in the
sinking.
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Figure D.219: The power plant in S̊aheim, Norway, was even larger than the power plant at Vemork.
The S̊aheim plant was also used to produce heavy water for the German nuclear program. Heavy
water production at S̊aheim seems to have been even more secretive than that at Vemork. Unlike
Vemork, it does not appear that the S̊aheim plant was ever attacked during the war.
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Figure D.220: Notodden, Norway had two power plants (Svælgfos I and II) with a combined output
larger than the power plant at Vemork. The Notodden plants were also used to produce heavy water
for the German nuclear program. Heavy water production at Notodden seems to have been even
more secretive than that at Vemork. Unlike Vemork, it does not appear that the Notodden plants
were ever attacked during the war.
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G-268. Compilation of Material on Heavy Water Production by Sta↵ Members of the
I. G. Farben Aktiengesellschaft Patent O�ce.

The folder combines di↵erent proposals for methods of heavy water production, including designs
of apparatus and applications for patents; correspondence between the patent o�ce of the I. G.
Farben in Ludwigshafen, the army, the Leuna Werke in Merseburg, the federal bureau in charge
of nuclear physics, etc.; reports on experiments in heavy water production conducted in Meran
and reports on electrolysis experiments conducted in Merlango, and notes by Professor Domenico
Argentieri on the di↵erential equation for enrichment of heavy water in the electrolytic cell; and
some reprints.

G-341. Technical Papers and Correspondence on Heavy Water Production from the
Files of Dr. Harteck. [Six large volumes of detailed papers and letters regarding heavy water
production, primarily between Paul Harteck’s group and I.G. Farben Leuna Werke.]

Craven & Cate. 1951. The Army Air Forces in World War II. Vol. 3, pp. 176–7, 828.

Their shortsightedness proved painful on the 12 May [1944] mission and during the numerous
attacks which followed. On this occasion, 15 combat wings involving 935 heavy bombers, escorted by
Eighth and Ninth Air Force and RAF fighters, took o↵ for what was to prove a historic operation.169

[...] More than 800 heavies attacked, dropping 1,718 tons on the synthetic oil plants at Zwickau,
Merseburg-Leuna, Brüx, Lützkendorf, Böhlen, and other cities. [...] Certainly the professed objective
of the mission was attained: the German Air Force had reacted vigorously to the attacks on oil
plants and had su↵ered severe losses. More important in the long run was the fact that all of the
targets were damaged, some of them very heavily. Brüx, Böhlen, and Zeitz were knocked temporarily
out of operation, and the bombing at Merseburg-Leuna happened to destroy a building in which
experiments were being conducted with heavy water for Germany’s atomic-bomb project.170 It was
an excellent mission, despite the heavy loss of bombers, and an auspicious opening of the Eighth
Air Force campaign to deny the Germans oil.

169. 8th AF T/M Rpt., 12 May 1944; USSTAF Semimonthly Record of Results, 1–15 June 1944,
Oil Sec.; USSTAF Air Intel. Sum. 28, p. 20.

170. USSBS, The Integration of the German Oil, Chemical, Rubber, and Explosives Industries.

CIA Information Report. Dismantling of the Leuna Plant, Merseburg, Germany. 1948.
FOIA CIA-RDP81-01028R000100080011-0
[www.cia.gov/library/readingroom/docs/CIA-RDP81-01028R000100080011-0.pdf].

The dismantling of the Leuna Plant in Merseburg, Thuringia, Germany (Soviet Zone), was initiated
in March 1946. [...]

3. The following large installations were dismantled: [...]

(j) The heavy water installation operating at atmospheric pressure was dismantled and possibly
placed in a building near the Agricultural Exhibition Grounds in Moscow.

(k) The heavy water installation operating at 700 atmospheres was taken to the Karpov Institute
were it was being installed when we left in July 1948.

[This CIA report was classified until 2001, and parts of it still remain classified. It said I.G. Farben
Leuna had at least two operating “large installations” for producing heavy water. Those and all
information about them were removed to Moscow.]
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Figure D.221: The massive I.G. Farben Leuna Works chemical plant had at least two heavy water
production installations that were removed by the Soviet Union after the war.
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A. S. Sadovsky. 2011b. Heavy Water. History of One Priority. Part 2.
[www.academia.edu/39286335/Heavy water History of one priority Part 2 031e]

Somewhat earlier 4 September [1945] it was formulated the decree of the State Defense Committee
9967ss, which ordered to him:

“c) That the research and test works on making product 180 [heavy water] by electrolytic
separation, isotopic exchange, and distillation methods be organized in GSNII-42, at the
Moscow Electrolysis Factory, and in the Karpov Physical-Chemical Institute. That for
this purpose be used the installations found at the German chemical plants in Leuna
Werke and Bitterfeld. <...>

4. It shall be the responsibility of the Narcomkhimprom [eng: People’s Commissar for the
Chemical Industry] (Cde. Pervukhin) and USSR NKO [eng: People’s Commissariat of
Defense] (Cde. Khrulev) to provide evacuation from Germany <...> and transportation
to Narcomkhimprom facilities <...> of the following equipment:

a) distillation tower and the pilot-scale electrolyzer from the Bitterfeld plant within the
period from 10 September till 20 September 1945;

b) small pilot plant from Leuna Werke factory within the period from 10 September till
20 September 1945;

c) big pilot plant from Leuna Werke factory within the period from 10 September till
20 September 1945;

Cde. Pervukhin is to send to the place one of his deputies to exercise control over dis-
mantling of the specified equipment, its repair if necessary, ensure its complete package
and oversee its entrainment at factories as well as at the Lvov storage terminal.”
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Figure D.222: There was a heavy water production plant at I.G. Farben Bitterfeld during the war
[Karlsch 2005, p. 110; Sadovsky 2011b]. (This is a later photograph showing part of the Bitterfeld
chemical production complex.)
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7 June 1946. Recruitment of German Scientists; Heavy Water Production at Halle.
Strategic Services Unit, Top Secret report [NARA RG 319, Entry NM3-85M, Box 51,
Folders 926136–926139].

[See Figs. D.223–D.224.]

U.S. intelligence card catalog [NARA RG 319, Entry A1-84E, Box 124].

[See Fig. D.225.

U.S. intelligence cover pages and card catalog entries show that there was a heavy water production
plant at Halle, but documents about the plant are still classified and unavailable to the public. Why?

Halle is close to Leuna/Merseburg. It is possible that the referenced Halle heavy water plant was
the same as one of the Leuna Werke heavy water plants, but most likely it was a separate plant.
That entire region was covered with chemical plants.]
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Figure D.223: A U.S. intelligence cover page shows that there was a heavy water production plant
at Halle, but documents about the plant are still classified and unavailable to the public [NARA
RG 319, Entry NM3-85M, Box 51, Folders 926136–926139].
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Figure D.224: A U.S. intelligence cover page shows that there was a heavy water production plant
at Halle, but documents about the plant are still classified and unavailable to the public [NARA
RG 319, Entry NM3-85M, Box 51, Folders 926136–926139].
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Figure D.225: A U.S. intelligence card catalog shows that there was a heavy water production plant
at Halle, but documents about the plant are still classified and unavailable to the public [NARA
RG 319, Entry A1-84E, Box 124].
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Charles Chamberlain. Reveal Allied Capture of Nazi Atom Factory. Chicago Daily
Tribune. 9 August 1945 p. 4. [http://archives.chicagotribune.com/1945/08/09/page
/4/article/reveal-allied-capture-of-nazi-atom-factory/]

KIEL, Germany, Aug. 8 (AP)—The largest heavy water plant in Germany, where Nazi scientists
were working feverishly to perfect an atomic bomb, was captured almost intact by the allies three
months ago in a heavily wooded section four miles from Kiel.

Cobwebs of plastic pipes connected eight huge vats holding thousands of gallons of plain water for
processing into heavy water.

I stumbled onto the factory two weeks after it was taken over by American and British technicians.
Altho they gave me freedom to roam around the grounds, I was called on the carpet the next day
for entering without authority from high o�cials and was required to pledge not to reveal what I
had seen until it was released. Altho the race to perfect the bomb was led by American and British
experts, the Germans had made great strides and were catching up. The war against Germany
ended just in time.

Charles Chamberlain. Allies Beat Nazis By Narrow Margin in Atomic Race. Harris-
burg Telegraph. 9 August 1945 p. 6.
[https://www.newspapers.com/clip/1961441/harrisburg-telegraph/]

KIEL, Germany, Aug. 9, (AP)—A race against time was won by the Allies by a narrow margin
three months ago when the largest heavy water plant in Germany, where Nazi scientists labored
furiously to perfect an atomic bomb, was captured intact.

It may now be disclosed that the Allies were so concerned over possible German progress with the
bomb that they planned a bold mass parachute attack on Kiel as early as last March to take the
experimental station, just outside this base.

The plan was dropped only after the successful Allied crossing of the Rhine, this correspondent
learned.

The Kiel plant, captured almost intact three months ago and turned over to British and American
specialists, was buried in a camouflaged concrete vault on a wooded hillside and contained eight
vats for the manufacture of “D-2O,” or heavy water—used in one of the possible processes for
producing atomic bombs.

Cobwebs of connecting plastic pipes and files recording the experiments were destroyed by sabotage
before the Allies arrived.

The extent of the Nazis’ atomic discoveries remains a top secret. But they were making great strides
and were catching up. The European war ended just in time.

Among the secret weapons in production at the factory were acoustics torpedoes driven by “ingo-
lene,” a fuel described by some sources as 800 times as powerful as high octane gasoline.
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[See also:

Charles Chamberlain. Germans’ Bomb Plant Located: Nazis Worked Hard on Atomic Device. San
Bernardino Sun. 12 August 1945 p. 3. [https://cdnc.ucr.edu/cgi-bin/cdnc?a=d&d=SBS19450812.1.3]

Charles Chamberlain. Atom Race Won By Extremely Narrow Margin. Ogden Standard Examiner.
13 August 1945 p. 9. [http://newspaperarchive.com/ogden-standard-examiner/1945-08-13/page-9/]

According to Chamberlain, “the largest heavy water plant in Germany” was located approximately
four miles from central Kiel, was part of a larger factory that also produced torpedoes, and was
hidden in a large concrete bunker buried in an adjacent “heavily wooded hillside.” See pp. 3506–3508
for the likely location. Can any remains of this heavy water plant be found now?

As Chamberlain stated, many World War II German torpedoes were powered by “Ingolene,” or
concentrated hydrogen peroxide. Concentrated hydrogen peroxide was also used as propellant for
some rockets and was indeed quite potent, though not far more powerful than gasoline. Chamberlain
appears to have heard incorrect information on that point.

Chamberlain specifically remarked that the heavy water plant used a large amount of plastic pipe.
While plastic pipe is very common now, it was relatively new and much less common at that time
(see p. 629). It would have been used to avoid problems with corrosion and to keep the heavy water
as pure as possible.

Chamberlain mentioned that the heavy water plant was partially damaged and its files destroyed
or removed by Germans before Allied forces reached the plant.

Chamberlain also reported (based on what he saw and what he heard from Allied forces at the
Kiel heavy water plant) that “Nazi scientists were working feverishly to perfect an atomic bomb”
and that “The extent of the Nazis’ atomic discoveries remains a top secret. But they were making
great strides.” Chamberlain made it clear that his description of the advanced state of the German
nuclear program came directly from Allied investigators, not just his own opinions: “the Allies
were so concerned over possible German progress with the bomb that they planned a bold mass
parachute attack on Kiel as early as last March to take the experimental station.”

The sequence of events behind Chamberlain’s reports appears to be:

1. Chamberlain said that he “stumbled onto the factory two weeks after it was taken over by
American and British technicians,” so he probably discovered it in early or mid-May 1945.

2. Chamberlain was promptly reprimanded by Allied o�cials for even visiting the heavy water
plant—he “was called on the carpet the next day for entering without authority from high
o�cials.” That censorship explains why Chamberlain did not publish any articles about the
heavy water plan in May 1945.

3. In Allied countries, nuclear-related news articles were commonly censored during the war, up
until the public announcement of the Hiroshima bombing. After widespread media reports
about Hiroshima and the unveiling of the U.S. nuclear program, Chamberlain presumably
thought he could finally report what he had learned in May 1945 regarding the German
nuclear program. That explains why his first articles on this topic appeared in August 1945.
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4. While it had become permissible to reveal (some) information about the U.S. nuclear pro-
gram, apparently most details about the former German nuclear program were still closely
guarded and publicly denied. Since Chamberlain’s reports of this otherwise secret Kiel heavy
water production facility and his description of the advanced state of the German nuclear pro-
gram somehow slipped through censorship and got published in August 1945, he was likely
reprimanded for a second and final time by government censors and/or his own newspaper
employers. He does not seem to have ever mentioned the Kiel heavy water plant again.

5. In fact, when Chamberlain published an article about the Vemork heavy water plant in
February 1946 (p. 3505), he made no mention of the Kiel heavy water plant that he had seen
with his own eyes, even though it would have been relevant to the article. He also downplayed
the state of the German nuclear program that he himself had reported only six months earlier
was quite advanced.

6. The existence of the Kiel heavy water plant and Allied plans to attack it in March 1945
because the German nuclear program was so advanced appear to be historical facts that
Allied governments buried in 1945 and that remain buried to this day.]

Charles Chamberlain. Germans Failed to Split Atom: Experiments With Heavy Wa-
ter Futile. Council Blu↵s Nonpareil (Council Blu↵s, Iowa). 9 February 1946 p. 1
[www.newspapers.com/clip/1957966/council blu↵s nonpareil/].

MINDEN Germany, (AP)—German experiments with heavy water in attempts to split the atom
during the war were unsatisfactory Prof. Otto Hahn, Germany’s Nobel prize winning atomic scien-
tist said Saturday.

‘In itself heavy water is not an e↵ective radio-active substance, but is used as an auxiliary for the
splitting of uranium atoms,’ he explained. ‘We expected to need heavy water, but it was not so.
Americans have proved that this can be done more simply and e↵ectively by using carbon.’

Heavy water plants were built by the Nazis in Norway for atomic bomb research work. British and
Norwegian commandos in a highly successful raid blew them up.

(Heavy water has a specific gravity greater than ordinary water. Its hydrogen content is of atomic
weight two, rather than atomic weight one).

Another atom scientist in the British occupation zone of Germany—Prof. Paul Harteck of the Kaiser
Wilhelm institute of physics in Berlin—said that the light rays thrown out during the enormous
explosion of an atomic bomb added greatly to the destructive force.

‘The splitting of the atom causes a temperature of more than 10,000,000 degrees and aerial allure
which destroy everything,’ Harteck said.

This frees an amount of light which is beyond the visible spectrum. Only a few people know that
the reflection of beams of light on solid bodies also exerts a mechanical pressure. This pressure is
so small where our normal light is concerned that it is not noticed. The amount of light freed by
an atomic bomb is so great it destroys walls.
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Figure D.226: The Deutsche Werke Kiel torpedo factory (shown here with bomb damage in 1941)
was approximately four miles north of central Kiel, and is likely the location that Charles Cham-
berlain described.
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Figure D.227: Site of the former Deutsche Werke Kiel now. The round concrete bunker (lower photo)
was built during the war. Other bunkers are known to have been built, but have been demolished
or paved over.
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Figure D.228: There is a heavily wooded hillside immediately adjacent to the former Deutsche
Werke Kiel, exactly as Charles Chamberlain described. Are the remains of the heavy water bunker
in this area?
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OSS London. 5 December 1944. Report T-2805-a. [NARA RG 77, Entry UD-22A, Box
171, Folder 32.7003-3 GERMANY: US Wartime Positive Int. (Nov. 44–June 45)]

Original No. T-2805-a

Report from Sweden

OSS LONDON

Distribution: Information Date : Not Given
CALVERT Report Date : 13 November 1944
PARIS Dissemination Date : 5 December 1944

Value : B-3
Source : OSS

———————————————

GERMANY : ATOMIC PHYSICS

Heavy Water Experimental Station.

Heavy water experiments are being carried out at the Dräger Werke, Lübeck, which is reported
to be the largest gas factory in Germany. The plant’s experimental station is connected with the
experimental station at Peenemünde.
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U.S. Embassy, Warsaw. 12 August 1947. Report No. R-107-47, MIS-390731. Subject:
Plants producing heavy water. [NARA RG 319, Entry 85A, Box 2534, Folder 390731–
390740] See p. 3764 for more information.

1. It is believed that no plants designed specially for the production of heavy water exist in Poland.
It is reliably reported that the Germans built one such plant near OSWIECIM (Auschwitz) but
that it was destroyed or moved out by the SOVIETS in 1945.

[It was “reliably reported” that the Germans had built a heavy water production plant in Poland
during the war, and that it was removed by the Soviets.]

Report on Interrogation of PW MAYER. 14 July 1944. [NARA RG 77, Entry UD-
22A, Box 171, Folder 32.7003-2 GERMANY: US Wartime Positive Int. (July–Oct.
44)]

1. SUBJECT PW is an educated man in his late thirties, a physical chemist by profession and states
that he is anti-Nazi and wishes to collaborate. He studied at the Universities of FREIBURG and
MUNICH for six years, receiving a degree equivalent to a Doctorate of Philosophy in Chemistry.
[...]

7. Manufacture of Hydrogen Peroxide and of Heavy Hydrogen.

[...] PW believes that D2O (Heavy Hydrogen) is manufactured principally at GRIESHEIM ELEK-
TRON in fairly large quantities for distribution to research and scientific establishments.
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Figure D.229: Former administration building of Chemische Fabrik Griesheim-Elektron, Frankfurt
am Main. Griesheim-Elektron reportedly produced large quantities of heavy water during the war.
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Klaus and Ann M. Hentschel. 1996. Physics and National Socialism: An Anthology of
Primary Sources. Basel: Birkhäuser. p. 151:

[I]n 1944 the Linde Company was destroyed in an air raid, partly because it was involved in the
production of heavy water (deuterium) for the Uranverein. Cf. 75 Jahre Carl v. Linde Gesellschaft
für Eismaschinen, Frankfurt: Brönner, 1954, pp. 123–125, and Walker [1989]a, pp. 144f.

Mark Walker. 1989. German National Socialism and the Quest for Nuclear Power,
1939–1949. Cambridge, UK: Cambridge University Press. p. 145:

Between the electrolysis unit at the Kaiser Wilhelm Institute for Physics and the planned Clusius-
Linde plant, large-scale electrolysis was superfluous—something that Harteck had been arguing
since 1940. On the other hand, Linde needed one and a half years before full operation could be
expected. In late July of 1944 Allied air raids severely damaged the Linde plant in Munich.

Per F. Dahl. 1999. Heavy Water and the Wartime Race for Nuclear Energy. Philadel-
phia: Institute of Physics. p. 211:

The only other potential source of heavy water in occupied Europe appeared to be two Montecatini
electrolysis plants in Italy—one near Merano and one at Cotrone, with a combined power consump-
tion of 68000 kW, or half that of Vemork. Harteck thought it possible to use the Italian plants for
an enrichment to around 1%, whereupon the material could be shipped to Germany for further
processing at I G Farben’s Leuna works [13-11]. Both Esau and Harteck had personally inspected
the Merano plant during the winter 1942–1943, but Esau, for one, was not enthusiastic about the
Italian option. [...] At any rate, a Merano-Leuna arrangement was still a fall-back solution, in case
of further troubles in Norway.
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Ferdinand Cap. 23 November 1950. Gutachten [courtesy of Silke Fengler].

Über Einladung von Herrn Oberst GOUS-
SOT, Innsbruck, hatte ich die Möglichkeit,
am 21.XI.50 die Schwere-Wasser-Gewinnungs-
Versuchsanlage des Herrn Werd in Wehr [sic:
Weer] bei Wattens in Tirol zu besichtigen. Das
Prinzip der Anlage besteht in Folgendem: An
schwerem Wasser angereichertes Wasser wird
den drei (später neun) Zellen der Apparatur
zugeführt. In jeder Zelle befindet sich ein
Diaphragme, eine Kathode und eine Anode.
(Spannung pro Zelle 3 Volt, Gesamtstrom 60
A) Als Elektrolyt dient verdünnt Natronlauge.
Die durch die Elektrolyse freigesetzten Gase
Wassersto↵ und Sauersto↵ werden an Pala-
diumoberflächen katalytisch verbrannt; das
entstehende Wasser, das an schwerem Wasser
ärmer ist als das in der jeweiligen Zelle elek-
trolysierte Wasser, wird in die vorhergehende
Zelle geleitet; von der ersten Zelle wird es in
die Vorkonzentrieranlage geleitet.

Das in jeder Zelle zurückbleibende an schw-
erem Wasser reichere Wasser wird in die
nächstfolgende Zelle überdestilliert—ein ein-
faches Einleiten ist nicht möglich, da sonst
die Konzentration des Elektrolyten stark
steigen würde. In weit beim Destillation-
sprozess gewöhnliches Wasser und schweres
Wasser gemeinsam übergehen oder ob hi-
erbei eine kleine (der Apparaturanlage also
rückläufige) Trennung eintritt, ist dem Un-
terzeichneten nicht bekannt und müsste aus
Spezialabhandlungen geklärt werden. Sollte
eine Verschlechterung der Trennwirksamkeit
eintreten so wäre es immerhin wohl möglich
durch einen anderen Prozess des überleitens
diesen Verlust auszugleichen.

At the invitation of Colonel Colonel GOUS-
SOT, Innsbruck, I had the opportunity to
visit Mr. Werd’s heavy water extraction test
facility in Wehr [sic: Weer] near Wattens in
Tyrol on 21 November 1950. The principle
of the plant consists in the following: Water
enriched with heavy water is supplied to the
three (later nine) cells of the apparatus. Each
cell contains a diaphragm, a cathode and an
anode. (Voltage per cell 3 volts, total current
60 A) Sodium hydroxide solution diluted serves
as electrolyte. The gases hydrogen and oxygen
released by the electrolysis are catalytically
burned on palladium surfaces; the resulting
water, which is poorer in heavy water than the
water electrolysed in the respective cell, is led
into the preceding cell; from the first cell it is
led into the pre-concentration plant.

The water that remains in each cell and
is richer in heavy water is distilled into the
next cell–a simple discharge is not possible, as
otherwise the concentration of the electrolyte
would increase sharply. The undersigned does
not know whether the distillation process
involves the combined use of water and heavy
water or whether this results in a small sep-
aration (i.e. a retrograde separation of the
equipment). Should a deterioration of the
separation e�ciency occur, it would at least
be possible to compensate this loss by another
process of transfer.
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Der Grundgedanke der Apparatur von Herrn
W. ist physikalisch vollkommen einwandfrei.
Ob jedoch auf dieser Basis eine Grosspro-
duktion aufgebaut werden kann, wagt der
Unterzeichnete nicht zu entscheiden; En-
twicklungsarbeiten durchzuführen ist jedoch
nicht anzuraten, da diesbezüglich sowohl in
Deutschland und Norwegen, als auch in den
USA ausgedehnte Untersuchungen bereits
vorgenommen wurden. Die Frage nach dem
Aufbau einer Grossproduktion kann daher
nur nach genauem Studium der einschlägigen
Literatur (etwa Monographie von Urey, AEC
Reports, FIAT Reports etc.) beantwortet
werden. Die von Herrn W. angegebenen
Schätzungen über den Strombedarf (rund 1000
kWh für ein Gramm schweres Wasser von 96
% Reinheit) könnten an sich richtig sein, sind
aber mit grösster Vorsicht aufzunehmen. Eine
Überprüfung ist ohne spezieller Angaben über
den Trennfaktor der Elektrolyse nicht möglich.

Jedenfalls müsste ein Vergleich der Wirk-
samkeit mit den Methoden der NORSK
HYDRO, RJUKAN, Norwegen, angestellt
werden; auch soll noch auf eine neue, hier noch
nicht genügend bekannt gewordene amerikanis-
che chemische Methode (Löslichkeitsmethode)
hingewiesen werden, die allem Anschein
noch möglicherweise eine grössere Ausbeute
verspricht, also die Elektrolysenverfahren.

The basic idea of Mr. W.’s apparatus is
physically perfect. However, the undersigned
does not dare to decide whether a large-scale
production can be built on this basis; however,
it is not advisable to carry out development
work, as extensive investigations have already
been carried out in this respect in Germany
and Norway, as well as in the USA. The
question of setting up a large-scale production
can therefore only be answered after a detailed
study of the relevant literature (e.g. monograph
by Urey, AEC Reports, FIAT Reports etc.).
The estimates given by Mr. W. of the electricity
requirement (about 1000 kWh for a gram of
heavy water of 96 % purity) could be correct in
themselves, but must be taken with the greatest
caution. A check is not possible without special
information about the separation factor of the
electrolysis.

In any case, a comparison of the e↵ective-
ness with the methods of NORSK HYDRO,
RJUKAN, Norway, would have to be made;
also, a new American chemical method (sol-
ubility method), which has not yet become
su�ciently known here, should be pointed out,
which to all appearances still possibly promises
a higher yield, i.e. the electrolysis methods.

[See also the interview with Ferdinand Cap on the following two pages. This heavy water plant in
the Austrian Alps was apparently quite large and fully operational during the war. It was likely
built by or at least for the SS.

This facility was apparently only discovered by outsiders in 1950. It does not seem to be mentioned
in any other known documents. Can more information be located in any archives around the world?

If there is so little surviving historical record of this large heavy water production plant, what
other wartime heavy water plants (or other nuclear-related facilities) may have existed yet remain
unknown today?]
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Rainer Karlsch. Interview with Ferdinand Cap. 5 February 2009 [courtesy of Rainer
Karlsch].

Karlsch: Mich interessiert, wer diese Anlage
gebaut hat. Sie erwähnten damals einen Herrn
Werdt (W.). Er kann doch unmöglich allein
eine solche Anlage Gebaut haben. Wer waren
seine Auftraggeber? Natürlich ist es denkbar,
dass die SS die Anlage im Zillertal in Auftrag
gegeben hat. Gibt es dafür Belege?

Cap: Wer die Anlage gebaut hat, weiss
ich nicht, glaube Norsk Hydro. Herr W. war
nur Werksleiter und hat mich und Schroedinger
geführt.

Karlsch: Prof. Oberkofler schreibt in seiner
Studie “Ferdinand Cap und Otto Hittmair.
Aus den Pionierjahren der Innsbrucker The-
oretischen Physik”, Innsbruck 2006, auf S.
27f.: “Auf dringliche Anforderung von Seiten
der französischen Besatzungsmacht besichtigte
Schrödinger in Begleitung von Cap im Novem-
ber 1950 die von der SS wie in Norwegen auch
im Zillertal gebaute Anlage zur Gewinnung
von Schwerem Wasser durch Elektrolyse.” Mir
ist nicht bekannt, dass die SS in Norwegen
eine Schwerwasseranlage gebaut hat. Die
dortigen Elektrolysezellen der Norsk Hydro
(Anteilseigner war die IG Farbenindustrie AG)
wurde nach den Entwürfen von Prof. Paul
Harteck (Hamburg) und seiner Mitarbeiter
1942 erweitert und im August 1944 demontiert
und ins Reichsgebiet gescha↵t. Mit dem Betrieb
der Schwerwasseranlage in Norwegen hatte die
SS meines Wissens nichts zu scha↵en.

Cap: Harteck und WIRTZ sind mir bekannt.
ICH HABE NIE BEHAUPTET DASS DIE SS
DIE ANLAGE GEBAUT HAT.

Karlsch: Oder ist noch eine andere Anlage
gemeint? Es gab ja nicht nur das Werk in
Rjukan, sondern auch noch Anlagen in Saa-
heim und Nodotten, die sich aber ebenfalls in
Regie der Hydro befanden.

Karlsch: I am interested in who built this
plant. You mentioned a Mr. Werdt (W.) at
that time. He couldn’t have built such a plant
on his own. Who were his clients? Of course it
is conceivable that the SS commissioned the
plant in the Zillertal. Is there any evidence of
this?

Cap: I don’t know who built the plant,
Norsk Hydro I believe. Mr. W. was just a plant
manager and led me and Schroedinger.

Karlsch: Prof. Oberkofler writes in his study
“Ferdinand Cap and Otto Hittmair. From the
pioneering years of Innsbruck’s Theoretical
Physics,” Innsbruck 2006, on p. 27f: “On
urgent request of the French occupying power
Schrödinger, accompanied by Cap, visited in
November 1950 the plant for the production
of heavy water by electrolysis built by the
SS in the Zillertal as in Norway.” I do not
know that the SS built a heavy water plant in
Norway. The electrolysis cells of Norsk Hydro
there (the shareholder was IG Farbenindustrie
AG) were expanded in 1942 according to the
designs of Prof. Paul Harteck (Hamburg) and
his employees and dismantled in August 1944
and transported to the territory of the Reich.
To my knowledge, the SS had nothing to do
with the operation of the heavy water plant in
Norway.

Cap: I know Harteck and WIRTZ. I NEVER
CLAIMED SS BUILT THE PLANT.

Karlsch: Or is there another plant meant?
There was not only the plant in Rjukan, but
also plants in Saaheim and Nodotten, which
were also directed by Hydro.
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Cap: Nein, nur Zillertal mir bekannt.

[...]

Karlsch: Die Norsk Hydro scheidet als Bauherr
oder Betreiber m.E. aus. Weder in den Unterla-
gen der Norsk, noch in den Erinnerungen ihrer
leitenden Mitarbeiter und auch nicht in den
Papieren der IG Farben, damals Hauptaktionär
bei der Norsk, findet sich ein Hinweis darauf.
Es bleibt also unklar, wer die Auftraggeber für
die Anlage waren.

Cap: Leider, o↵enbar. Ich wäre laut H.
W. der Meinung gewesen NORSK HYDRO.

Karlsch: Können Sie sich daran erinnern,
wo genau die Anlage stand?

Cap: Ziemlich ganz am Ende des Ziller-
tales, nahe einem Gletscher.

Karlsch: Welche Ausmaße hatten die Elektrol-
ysezellen ungefähr?

Cap: Hunderte Zellen, verschiedene Groesse,
kleinere wie Waschbecken, mittlere wie Bade-
wanne.

Karlsch: War Herr Werdt Ingenieur oder
Physiker?

Cap: Ich würde sagen H. Werdt war
Gewerbeschultechniker. Sicher nicht
Akademiker.

Karlsch: Stand er in Verbindung mit der
Physiker-Gruppe des Physikalisch-Chemischen
Instituts der Universität Innsbruck, die 1944
nach Wattens zur Firma Swarovsky verlegt
wurde?

Cap: Meinen Sie Frau Prof Erika Cremer,
die im Krieg beim Berliner “URANVEREIN”
war?

Cap: No, I only know Zillertal.

[...]

Karlsch: Norsk Hydro is no longer the
owner or operator in my opinion. Neither in
the documents of Norsk, nor in the memories of
its leading employees, nor in the papers of IG
Farben, then the main shareholder of Norsk,
is there any indication of this. It therefore
remains unclear who the contractors for the
plant were.

Cap: Unfortunately, apparently. I would
have thought, according to Mr. W., NORSK
HYDRO.

Karlsch: Can you remember exactly where
the plant was located?

Cap: Quite at the end of the Zillertal,
near a glacier.

Karlsch: What were the approximate di-
mensions of the electrolysis cells?

Cap: Hundreds of cells, di↵erent sizes, the
smaller like a sink, the medium like a bathtub.

Karlsch: Was Mr. Werdt an engineer or a
physicist?

Cap: I would say Mr. Werdt was a voca-
tional school technician. Certainly not an
academic.

Karlsch: Did he stand in contact with the
physicist group of the Physical-Chemical Insti-
tute of the University of Innsbruck, which was
transferred to Swarovsky in Wattens in 1944?

Cap: Do you mean Prof. Erika Cremer,
who was in the Berlin “URANVEREIN”
during the war?
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Figure D.230: Map of the B9 Quarz tunnels near Roggendorf and Melk, Austria that may have
been involved in heavy water production [Schmitzberger 2004].
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Figure D.231: One of the entrances to the B9 Quarz tunnels near Roggendorf and Melk, Austria
that may have been involved in heavy water production [Schmitzberger 2004].
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B. Lithium

[Lithium was used for processing ceramics, glass, and metals, but it would also have been extremely
useful for producing tritium, neutrons, and/or fusion reactions. The following documents demon-
strate large-scale production of lithium, as well as shipment of a large amount of lithium to Japan
(along with other nuclear-related materials).

For documentation about wartime German separation of lithium isotopes, for which the only sig-
nificant applications would be nuclear-related, see p. 3692.]

FIAT 295. Lithium Extraction and Uses. p. 9.

[...] Metallgesellschaft produced in 1942:

11637 kilograms Lithium from Lithium Mica
11702 ” ” Amblygonite in form of

1942 1941.
Lithium Carbonate 18987 kgr. 12130 kgr.
Lithium Chloride 12630 ” 13725 ”
Lithium Hydroxide 40506 ” 38003 ”
Lithium Metal 01230 ” 00505 ”

Lithium Carbonate and Hydroxide were sold to Merck and other chemical concerns to make medical
salts, and Lithium Fluoride. Lithium Hydroxide is also used for storage to batteries. All the Lithium
Chloride was used entirely for making Lithium metal. [...]

The amount of Lithium mica received from Metallgesellschaft were:

Year Tons
1943 530
1st half 1944 293
July-Sept 1944 149

Marguardt A.G. plant in Beuel, near Bonn produced the following Lithium salts in:

July 1944:

1000 Kilograms Lithium Carbonate, technical
1025 ” ” ” pure
3140 ” Lithium Chloride, technical
2580 ” ” ” pure
1373 ” Lithium Fluoride



3520 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.232: FIAT 295. Lithium Extraction and Uses. p. 9.



D.7. PRODUCTION OF OTHER POTENTIALLY NUCLEAR-RELATED MATERIALS 3521

Figure D.233: FIAT 750. Rare and Minor Metals. pp. 8–9.
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FIAT 750. Rare and Minor Metals. pp. 8–9.

The use of lithium apparently has progressed further in Germany than in the United States, es-
pecially its use in special alloys of light metals as well as lead. [...] Lithium salts are used in heat
resisting glass and ceramic ware inasmuch as they lower the thermal expansion coe�cient. Lithium
carbonate is the starting point for certain pharmaceutical products[...] Lithium chloride is found
in soldering and welding fluxes[...] Lithium hydrate is used in alkaline storage batteries. [...] Total
production in Germany for specified years follows:

Metal Salts Total
Year in kg. in kg. in kg.
1935 855 2,326 3,181
1939 1,920 8,076 9,996
1940 1,404 10,272 11,676
1941 1,308 9,804 11,112

[...] The price of the metal declined from RM 140 per kg. before the war to RM 115 in 1940.

Tokyo to Berlin ULTRA message 1443. 16 January 1945. [Published in Henshall 2000,
p. 57. What is the archival source of this document???]

NAVAL SECTION ULTRA/ZIP/SJA/1443
JNA 20 C/S 114/1/2/3 MEW/535
TOO 161920 January 1945
From: TOKYO
Action: BERLIN

Action: BWG [Chief Technical Superintendent].
From: CJR [Naval Technical Directorate].

Your secret telegram No. 848 [SJA/1358: enquires what cargo is to be shipped in submarines
proceeding to the Far East].

It is desired to obtain the following material urgently by means of the German transport submarines
proceeding to Japan.

2. For Department No. 3: [This line is typed di↵erently than the rest, and there is some blank space
here. Was information deleted here, and if so by whom?]

1) Diamond dies (diameter between 0.02 and 0.08 mm., as large a quantity as possible of all kinds).

2) Metallic zirconium (500 kg of a standard of 99.5 per cent or over).

3) Metallic lithium, 500 kg.

4) Neon gas (as much as possible).
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5) Insulating material for ultra high frequencies, 10 kg of each kind.

6) 2,000 or more [HASPEKERNE, ? clamp cores].

[Clamp cores/nuclear, or nuclear/core clamps?]

3. For Department No. 5:

1) As many BOSCH fuel pumps models 10 and 6 as possible.

2) 1 polarizing microscope.

3) 10 cam shaft grinders.

4) 10 MAAG gear wheel grinders.

[Were there other related messages? Since zirconium and lithium seem like materials for nuclear
work, are the other materials for “Department No. 3” also related to nuclear work? What exactly
were the “HASPEKERNE” [Henshall 2000, pp. 56–58]?]

For more information on wartime lithium production and applications, see:

BIOS 1356. Grinding and Treatment of Minerals. [Lithium production]

FIAT 786. The Lithium Electrolytic Cell. (Degussa, Rheinfelde.)
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C. Beryllium

[Beryllium was used for producing certain metal alloys, but it also could have been quite useful
as a neutron reflector and multiplier in a fission reactor, electronuclear breeding system, or fission
bomb. The following documents illustrate that wartime production of beryllium was sophisticated
and on a large scale.]

BIOS 158. Production of Beryllia and Beryllium at Degussa Plants.

Production of Beryllium Oxide and Beryllium at the Degussa Plant in Frankfurt

Year Beryllium (Techn) Beryllium (Flakes)

1938 about 200 kg about 500 kg

1939 till about 300 kg about 200 kg
Sept
Oct to Dec 869.100 kg None

1940 3367.195 kg 1689.480 kg

1941 6305.680 kg 214.094 kg

1942 3096.575 kg 1297.770 kg

1943 4224.500 kg 601.620 kg

1944 947.000 kg 302.605 kg

1945 None None

Totals

Production before the war 500 kg 700 kg

Production during the war 18810.050 kg 4105.614 kg

BIOS 319. Production of Beryllium “Degussa.”

The whole of our party visited this Factory, spending about three hours with Dr. Völkel, who clearly
knew his subject. [...]

Maximum production reached 160/180 Kg. pure beryllium per month.



D.7. PRODUCTION OF OTHER POTENTIALLY NUCLEAR-RELATED MATERIALS 3525

For more information on wartime beryllium production and applications, see:

BIOS 36. Magnetic Materials and Beryllium.

BIOS 441. The Platinum Metals Industry in Germany. [Beryllium-platinum alloys.]

BIOS 550. Investigation of Beryllium Production in Germany and Italy Including Pro-
duction and Uses of Oxides and Alloys.

BIOS 945. Beryllium at Degussa.

BIOS 1338. Developments in Magnesium Production and Fabrication. [Beryllium, zir-
conium at Degussa; also fluorine and carbon at I.G. Farben]

BIOS 1660. A General Survey of the German Non-Ferrous Industry. [aluminum, beryl-
lium]

CIOS XXVII-95. Heraeus Vacuumschmelze AG, Hanau. [Beryllium manufacture.]

FIAT 387. The German Steel Casting Industry [Beryllium in steel castings.]

FIAT 522. The Beryllium Industries of Germany and Italy (1939 to 1945).

FIAT 617. The Electrical and Technical Ceramic Industry of Germany. [Beryllia use in
ceramics.]

FIAT 785. Electrical Contacts. [Beryllium alloys for contacts.]

G-81. Erwin Fünfer and Walther Bothe. The Absorption of Thermal Neutrons and the
Increase of Fast Neutrons in Beryllium. 1941.

G-153. Wilhelm Hanle. Spectroscopic Analysis of Carbon, Aluminum, and Beryllium.
1942.

JIOA 46. Data on the German X-Ray Industry. [Beryllium X-ray windows.]

The following documents are examples of German plans to ship large quantities of
beryllium to Japan [Henshall 2000, p. 55]:

Berlin to Tokyo ULTRA message 1201. 22 November 1944. Cargo lost on I-52? [TNA
file number???] Lists 2590 kg of beryllium alloy for shipment from Germany to Japan.

Berlin to Tokyo ULTRA message 1809. 15 April 1945. Cargo loaded on U-873 [which
later surrendered to United States on 11 May 1945]. [TNA file number???] Lists 1,402
bars of beryllium alloy for shipment from Germany to Japan.
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D. Boron

[Boron was used for producing certain types of glass, ceramics, and metals, but it also would have
been very useful as a neutron absorber. The following documents are examples of boron production,
applications, and measurement.]

BIOS 676. German Metallurgical Laboratories for Ferrous Metals with Special Reference
to the K. W. Institute for Iron Research. [KWI measuring boron in steel]

BIOS 925. Tungsten Carbide Research in Germany. [Boron carbide for tool tips.]

BIOS 1406. [Boron carbide abrasives manufacture.]

BIOS 1535. Report on Investigation of Methods of Gaseous Metal Treatment. [Boron-
di↵usion treatment of ferrous metals.]

FIAT 617. The Electrical and Technical Ceramic Industry of Germany. [Boron carbide
and boron nitrate.]

FIAT 738. The Production of Some Rare Metals and Their Compounds as Practiced
by E. Merck, Chemische Fabrik, Darmstadt: Boron, Caesium, Gallium, Germanium,
Rubidium.

FIAT 750. Rare and Minor Minerals. [Boron production]

G-85. Wilhelm Hanle. The Determination of Boron and Cadmium in Carbon. 1941.

G-153. Wilhelm Hanle. Spectroscopic Analysis of Carbon, Aluminum, and Beryllium.
1942.
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E. Graphite

[High-quality graphite was widely used for high-temperature exhaust steering rudders on the A-4
(V-2) and other rockets, and was used for making electrodes, filters, and other components too.
However, graphite could also have been quite useful as a neutron moderator to slow down neutrons
and promote chain reactions in a fission reactor. The following documents illustrate that wartime
production of graphite was widespread and sophisticated.]

Acheson Graphite Corporation to Frank Hodson. 29 July 1942. [NARA RG 77, Entry
UD-22A, Box 169, Folder 32.32 Germ. Incl. TA]

Continental European Electrode Plants

Further to my letters of July 24th and 25th, I am glad to send along what information and estimates
we have in regard to commercial electrode plants in Continental Europe.

Germany

Graphite

According to estimates made by our people in Europe at the end of 1939, the graphite electrode
production in Germany during that year was approximately as follows:

Siemens-Planiawerke, Meitingen 8,500 tons
Conradty, Kolbermoor 2,000 ”
I. G. Farben, Bitterfeld 5,000 ”

15,500 tons

In 1939 the German industry was already substantially on war production but a fifty percent
increase over the above figure might not be unreasonable for the present time. This would bring
the total to about 23,000 tons. [...]

Coal Electrodes

Our estimate of the production capacity of the three German firms is as follows:

Siemens-Planiawerke, Ratibor 50,000 tons
Conradty, Nürnberg 6,000 ”
I. G. Farben, Bitterfeld 3,500 ”

59,500 tons
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FIAT 397. Survey of the Carbon and Graphite Electrode Industry of Germany. With
two supplements. pp. 6, 11.

[...] The discussions with the SIEMENS technical organization showed the possession of the exten-
sive empirical know-how needed for successful operation in this industry, compounded as it must
be of experience and science. Thus, as respects empirical know-how, the German industry could be
rated as perhaps about equal to the U.S.

As far as scientific know-how and study of the fundamentals of carbon technology are concerned,
the German industry has depended very largely upon collaboration with academic researchers,
mainly with Prof. ULRICH HOFFMANN. The German industry has directed its technical work
more along development lines. [...]

The following tabulation shows the total German production capacity for the baked basic stock
for either carbon or graphite electrodes, comparing the installed capacity near the end of the war
with that now available in the U.S. Zone [of Germany]. There is no other baked electrode capacity
except at some of the aluminum plants which produce their own special electrodes.

The tabulation is in terms of baked weight. The indicated tons are of 1,000 kg. = 2,200 lb.

Firm Location Installed Production Capacity

Total at End Now in U.S.
of War Zone

SIEMENS RATIBOR 60,000 – t/yr.
” BERLIN 30,000 – ”

CONRADTY NÜRNBERG 19,000 19,000 ”
I.G.F. GRIESHEIM 15,000 15,000 ”

124,000 34,000 ”

[Note that this postwar U.S. survey found that by the end of the war, the actual German annual
production of graphite was even larger than what the United States had estimated during the war.]
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For more information on wartime graphite production and applications, see:

BIOS 258. Carbon Electrodes, I.G. Farben, Griesheim.

BIOS 337. German Graphitising Furnances at Meitingen (Siemens Plania).

BIOS 338. German Carbon Electrode Manufacture at Griesheim (I.G.F.).

BIOS 533. Electric Furnace Design. Manufacture and Application in Germany.

BIOS 715. The Microanalytical Methods Employed in the Analytical Laboratories of
I.G. Farben, Elberfeld-Wuppertal, Germany. [Micro-analytical measurement of carbon
at I.G. Farben.]

BIOS 819. Blast Furnaces. Notes on German Practice. [Carbon hearths to blast fur-
naces; carbon paste and bricks.]

BIOS 845. Constructional Details of Chlorine Plant at Hoechst and Gendorf. [Carbon
anodes for chlorine cells.]

BIOS 895. Aluminium Production at Vereinigte Aluminiumwerke (V.A.W.), Lünen.
[Carbon paste for Soderberg electrodes manufacture.]

BIOS 1181. [Graphitising of carbon electrodes: graphite brushes.]

BIOS 1230. [Carbon rocket rudders]

BIOS 1338. Developments in Magnesium Production and Fabrication. [Beryllium, zir-
conium at Degussa; also fluorine and carbon at I.G.]

BIOS 1399. The Production of Carbon Black from Carbon Monoxide.

BIOS 1596. Carbon Electrodes. Report on the Interrogations of Dr. Diederich Wilm.

BIOS 1823. German Carbon Industry and Hydraulic Press Manufacture.

CIOS XVII-2. Englebert Factories—Liege and Aachen Kabelundgummiwerke-Eupen.
[Carbon black.]

CIOS XVIII-1. Chemical Installations in the Cologne Area. [Carbon black.]

CIOS XXVI-51. Plant of Chemische Werke, Huls. [Carbon black.]

CIOS XXVII-84. I.G. Farben AG, Ludwigshafen and Oppau Wehrmacht Items. [Carbon
black.]

CIOS XXIX-14. I. G. Farbenindustrie A. G., Leverkusen, Germany. [Carbon, activated,
production.]

CIOS XXIX-19. Aluminum Reduction and Scrap Recovery at the Erftwerk of the Vere-
inigte Aluminum-Werke AG, Grevenbroich. [Carbon anode plant.]

CIOS XXXIII-31. Investigation of Certain Chemical Factories in the Leipzig Area of
Germany. [Artificial gems, graphite at I.G. Farben]
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FIAT 104. Survey of the Arc Carbon Industry of Germany.

FIAT 105. Survey of Manufacture of Graphite Rudders for V-2 Rockets.

FIAT 115. Survey of the Carbon Brush Industry for Electrical Equipment in Germany.

FIAT 408. Metallurgical Coke.

FIAT 524. Production of Aluminum. [Carbon paste for Soderberg electrodes.]

FIAT 617. The Electrical and Technical Ceramic Industry of Germany. [Graphite resis-
tors.]

FIAT 732. Electrochemical Operations at I.G. Farbenindustrie A.G., Bitterfeld. With
30 supplements.

FIAT 816. Horizontal Mercury Chlorine Cells, I.G. Farbenindustrie, A.G. [Graphite
anodes.]

FIAT 817. Vertical Mercury Chlorine Cells, I.G. Farbenindustrie, A.G. [Graphite an-
odes.]

FIAT 863. Activated-Carbon Production at I.G. Farbenindustrie, Leverkusen.

FIAT 986. Carbon Electrodes in Germany for the Aluminum Reduction Industry.

FIAT 993. The Aluminum Reduction Industry in Germany. [Carbon electrodes for alu-
minum production.]

FIAT 1052. The High Current Carbon Arc.

G-35. Wilhelm Hanle. Investigation of Cadmium Content of Carbon. 1940.

G-46. Georg Joos. The Production of Extremely Pure Carbon. 1940.

G-85. Wilhelm Hanle. The Determination of Boron and Cadmium in Carbon. 1941.

G-153. Wilhelm Hanle. Spectroscopic Analysis of Carbon, Aluminum, and Beryllium.
1942.
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F. Fluorine

[Fluorine was used for various industrial chemical production processes, but it also would have
been essential for producing uranium hexafluoride for the enrichment of uranium-235. The following
documents demonstrate large-scale production of fluorine.]

BIOS 1595. German Fluorine and Fluoride Industry. pp. 5–7.

The first system has been developed by Dr. Siemans of Riedel de Haen. This has been installed at
Vereinigte Flusspatgruben where six sets of retorts were erected complete with absorption systems
and redistillation equipment and a further six in process of erection. The completed factory would
have been capable of producing at least 6000 tons of pure anhydrous hydrofluoric acid per year.
[...]

The completed plant at Leverkusen Works is capable of producing hydrofluoric acid at 80% strength
equivalent to 9,600 tons per year, of which 960 tons per year would be 98–100% without redistilla-
tion. [...]

An unique system has been installed at the I.G. Oppau Works for the production of cryolite from
low grade feldspar. The process is cyclic and appears very e�cient. [...]

The production of fluorides from hydrofluoric acid (aqueous) and the corresponding metallic salt
followed the conventional procedure. In the older plants the processes were very crude, but in the
new plants, particularly at Leverkusen, su�cient plant of suitable design has been installed for the
production of all the fluorides, bifluorides, fluoborates and silica fluorides. [...]

At Falkenhagen, Berlin, plant had been erected for the production of 720 tons fluorine per an-
num. When the Russian Army was approaching the Works, the entire plant was dismantled and
despatched to Stulln in Bavaria, where it was hoped to re-erect on the site of the plant producing
anhydrous hydrofluoric acid. [...]

During discussions with Prof. Helfrich and Dr. Schmidt-Dupont at Bonn University, information was
obtained indicating that I.G. at Leverkusen had produced fluorine and other fluorine compounds
for general use and that in conjunction with the University of Göttingen, investigations had been
conducted into the problems of fluorine production, together with those associated with metallic
fluorides of the earths and rare earths. [...]

[Metallic fluorides could have included uranium hexafluoride.]
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J. A. Lane. 5 April 1945. SUBJECT: Interrogation of Doctor Halberland. [NARA RG
77, Entry UD-22A, Box 166, Folder 32.22-1—GERMANY—Research—TA—(1943–
June 1946)]

1. Doctor Halberland, technical director of the lower Rhine division of the I. G. Farben Company,
was located at I. G. Farben’s plant at Uerdingen on the Rhine. [...]

3. [...] Large quantities of fluorine are produced at Leverkusen as well as Germany’s major produc-
tion of titanium. [...]

5. [...] In his opinion, eight days only would be required to bring the plant to 70 per cent production.
[...]

6. [...] Halberland was questioned about I. G. Farben’s relation with other companies such as
DeGussa, Auer, Roges, etc., but no positive answers were obtained. When questioned about the
sources of interests in rare materials, he was very vague but mentioned that rare earths come from
the Black Forest region. [...]

[I.G. Farben produced large quantities of fluorine. DeGussa, Auer, Roges, and other companies
produced uranium. To produce uranium hexafluoride, it would have been necessary for I.G. Farben
to collaborate with those companies. When the I.G. Farben director, Dr. Halberland, was interro-
gated about such collaborations, he refused to provide answers, but apparently indicated that they
did exist. Notes from this interrogation were considered so important regarding Germany’s nuclear
program that they were placed in the files of Leslie Groves’s Foreign Intelligence Unit of the U.S.
Manhattan Project.]

For more information on wartime fluorine production and applications, see:

BIOS 261. Hydrofluoric Acid Vereinigte Flusspathgruben G.m.b.H. Stulln.

BIOS 714. The Development of New Insecticides and Chemical Warfare Agents. [Fluo-
rine compounds.]

BIOS 764. Production of Aluminium Compounds in Germany. [Fluoride of aluminum
manufacture.]

BIOS 785. The German Mica Industry. [Fluorine-phlogopite (synthetic mica) manufac-
ture and properties.]

BIOS 896. The Manufacture of Zirconium-Potassium Fluoride, Zirconium Oxide and
Zirconium Oxychloride.

BIOS 1095. Developments in Methods and Materials for the Control of Plant Pests and
Diseases in Germany. [Fluorine compounds.]
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BIOS 1335. The Fluorspar Industry in Germany. Mines and Treatment Plants in the
Nabburg and Regensburg Districts, Upper Palatinate (Bavaria).

BIOS 1338. Developments in Magnesium Production and Fabrication. [Beryllium and
zirconium at Degussa; also fluorine and carbon at I.G. Farben]

BIOS 1433. I.G. Farbenindustrie, A.G. The Manufacture of Triphenylmethane Dyestu↵s
at Hoechst, Ludwigshafen and Leverkusen. [Fluorol 5G manufacture at Ludwigshafen.]

BIOS 1480. The Manufacture, Formulation and Application of the Major Pest Control
Products in the British, U.S. & French Zones of Germany. [Fluorides.]

BIOS Misc. 14. [Fluorine organic compounds.]

CIOS XXIX-14. I. G. Farbenindustrie A. G., Leverkusen, Germany. [Fluoride produc-
tion.]

FIAT 524. Production of Aluminum. [Fluoride recovery from aluminum furnace gases.]

FIAT 747. The Synthesis of Fluorine-Mica of the Phlogopite Group.

FIAT 838. Elemental Fluorine, I.G. Farbenindustrie—Leverkusen. [potentially nuclear-
related]

FIAT 1114. Recent German Research Work on Fluorine and Fluorine Compounds. [W.
Kwasnik and P. Scherer—nuclear-related!]
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G. Aluminum

[Aluminum was used for fabricating a wide variety of metal structures and packaging. On the
other hand, aluminum could have been quite useful as cladding around fission fuel in a reactor, or
as spherical pusher and casing shells in an atomic bomb as described on p. 3790. The following
documents illustrate that wartime production of aluminum was widespread and sophisticated.]

BIOS 127. The Aluminum Fabricating Plant of Aluminium Wals-on Persbedrljvon N.
V., Utrecht, Holland.

BIOS 144. Wrought Light Alloy Plants in North-West Germany.

BIOS 151. German Aluminum and Magnesium Melting and Rolling Practices.

BIOS 179. German Cable Industry.

BIOS 214. Non-destructive Testing of Materials, Siemens-Werner Werk “M”, Berlin/Siemenstadt.

BIOS 229. Wrought Light Alloy Plants in Southern Germany.

BIOS 264. German Brass and Copper Wire Industry.

BIOS 279. German Technique in the Production of Light Alloys.

BIOS 288. Aluminium Hydrate and Alumina Production in German Factories.

BIOS 316. German Light Alloy Foundry Industry.

BIOS 374. German Aluminum Foil Industry.

BIOS 376. Recovery of Aluminium Alloys from Aircraft Scraps.

BIOS 392. Welding of Aluminium and Aluminium Alloys with Particular Reference to
the Manufacture of Pressure Vessels.

BIOS 462. Impact Extrusion.

BIOS 465. High Temperature Refractories and Ceramics.

BIOS 470. Specialized Ceramic Materials with Particular Reference to Ceramic Gas
Turbine Blades.

BIOS 504. Visit to Metallgesellschaft A.G., Frankfurt a.M.

BIOS 527. Iron, Steel and Non-Ferrous Metal Works Plant and Machinery.

BIOS 533. Electric Furnace Design. Manufacture and Application in Germany.

BIOS 605. Some Marine Applications of Light Alloys in Germany.

BIOS 643. German Anodising Practice.

BIOS 681. German Cold Rolled Strip Industry.

BIOS 693. Investigation of the Light Alloy Forging Industry in Germany.
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BIOS 720. Metallurgical Research and Testing Laboratories in the Stuttgart Area.

BIOS 724. Electronic Principles as Applied in Germany to the Testing of Materials.

BIOS 764. Production of Aluminium Compounds in Germany.

BIOS 766. The Manufacture of Pharmaceuticals and Fine Chemicals in the U.S. and
French Zones of Germany.

BIOS 895. Aluminium Production at Vereinigte Aluminiumwerke (V.A.W.), Lünen.

BIOS 974. Alumina and Aluminium Production at the Lippewerk of the Vereinigte
Aluminium-Werke A.G. Lünen.

BIOS 975. Alumina Production at Martinswerk Bergheim/Rhineland.

BIOS 976. Electro-Thermic Production of Aluminium-Silicon Alloys at Lurgi-Thermie
G.m.b.H., Horrem.

BIOS 981. Light Alloys. Notes on German Technique on Continuous Casting and Extru-
sion of Aluminium Alloys with Particular Reference to Tube Extrusion, Tube Reducing
Machines and Vertical Extrusion Presses.

BIOS 982. Light Alloy Rolling, Osnabrück Kupfer and Drahtwerke Osnabrück.

BIOS 995. Hot-Dipping and Electro-Deposition of Tin and Tin Alloys in Germany.

BIOS 1084. German Aluminium Fabricating Equipment.

BIOS 1089. Aluminium Refining and Scrap Recovery at V.A.W. Erftwerk Grevenbroich.

BIOS 1099. Survey of Secondary Aluminium Industry in Germany.

BIOS 1100. German Aluminium Foil Industry.

BIOS 1165. Aluminium Holloware Industry in the British Occupied Zone of Germany.

BIOS 1190. German Cable Industry.

BIOS 1205. Chemische Fabriken, Oker and Bramschweig. Aktiengesellschaft, Oker and
Harz. Manufacture of Aluminium Hydroxide Pigment (Tonerde-Gel) and Aluminium
Sulphate.

BIOS 1215. German Methods of Rhodiumizing, Aluminizing, Anti-Reflection Surface
Coating and Allied Subjects.

BIOS 1231. The German Container and Canning Industries. [Aluminum cans]

BIOS 1271. Food Preparing Machinery. [Aluminum cans]

BIOS 1295. The Production of Certain Types of Phosphor Bronze, Brass and Light
Alloy Castings in Germany. Composite Report of Interrogations of Dr. Heinrich Bauer,
Dürener Metallwerke, Düren.
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BIOS 1342. German Optical Mirrors and Reflectors.

BIOS 1366. The Production in Germany of Extruded Sections and Tubes in Aluminium
and Magnesium Alloys.

BIOS 1405. Impact Extrusion. German Practice. 1946.

BIOS 1409. Cold Impact Extrusion of Aluminium, Etc.

BIOS 1423. The Application of Aluminium and Its Alloys in Germany.

BIOS 1454. Aluminium Pressings.

BIOS 1467. German Methods of Production of Aluminium Coated and Continuous Elec-
troplated Steel Strip.

BIOS 1535. Report on Investigation of Methods of Gaseous Metal Treatment.

BIOS 1550. Sheathing of Cables with Aluminium.

BIOS 1567. Manufacture of Aluminium Clad Steel Strip by Wickede Eisen und Stahlw-
erke.

BIOS 1595. German Fluorine and Fluoride Industry. [Aluminum fluoride manufacture
and analysis.]

BIOS 1656. Extrusion of Light Alloys at I.G. Farbenindustrie, Bitterfeld. Interrogation
of Herr K. F. Brauninger.

BIOS 1660. A General Survey of the German Non-Ferrous Industry.

BIOS 1667. Some Notes on Open Hearth Furnace Design and Operation.

BIOS 1703. Manufacture of Aluminium at I.G. Farben Factory, Bitterfeld.

BIOS 1757.Manufacture of Super-Purity Aluminium at the Vereinigte Aluminium Werke,
Erftwerk, Grevenbroich.

BIOS 1770. High Strength Aluminium-Zinc-Magnesium Alloy Development in Germany.

BIOS 1861. Light Alloy Foundries in Germany.

CIOS XXII-4. Aluminum Woerwerke, Erftwerke, Gravenbroich.

CIOS XXIV-22. The Electrochemical Industry, Bitterfeld Area.

CIOS XXV-17. The Electrochemical Industry, Burghausen Area.

CIOS XXV-30. Felten and Guilleaume Carlswerke, Cologne.

CIOS XXV-31. Suddeutsche Kabelwerke, Mannheim.

CIOS XXV-32. Hackethal Draht Und Kabelwerke AG, Hanover.

CIOS XXVI-47. Gelr. Guifine G.m.b.H., Ludwigshafen Am Rhein.
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CIOS XXVI-60. Light Metal Production and Development for Aircraft, I.G. Farben.

CIOS XXVII-9. Kupfer U Drahtwerke, Osnabruck.

CIOS XXVII-94. Vereinigte Deutsche Metallwerke AG.

CIOS XXIX-14. I. G. Farbenindustrie A. G., Leverkusen, Germany. [Aluminum fluoride
production.]

CIOS XXIX-18. Metal Fabrication at Mansfeld AG Kupfer Und Messing Werke, Hettst-
edt.

CIOS XXIX-19. Aluminum Reduction and Scrap Recovery at the Erftwerk of the Vere-
inigte Aluminum-Werke AG, Grevenbroich.

CIOS XXX-72. Aluminum and Magnesium Fabrication, Leipziger Leichtmetall, Werk-
Rackwitz, Rackwitz.

CIOS XXX-73. Aluminum Fabrication, Osnabrucker Kupfer and Drahtwerk, Osnabruck.

CIOS XXX-85. A Survey of the German Can Industry During the Second World War.

CIOS XXXI-57. Hugo Schneider AG, Messingwerke Aluminum Werke, Leipzig.

CIOS XXXI-73. Vereingte Leichtmetall Werke G.m.b.H., Hannover Linden.

CIOS XXXII-21. Aluminum from Clay.

CIOS XXXII-55. Recovery of Metals from Scrapped Airplanes.

CIOS XXXII-59. Aluminum and Magnesium Production and Fabrication.

CIOS XXXIII-31. Investigation of Certain Chemical Factories in the Leipzig Area of
Germany.

CIOS XXXIII-32. The Vereinigte Leightmetall-Werke, Hanover.

CIOS XXXIII-59. The Vereinigte Leightmetall-Werke, Hanover.

FIAT 395. Metallurgical Practices in Germany. The Fields of Non-Ferrous Melting and
Casting.

FIAT 406. Non-ferrous Metal Rolling Mill Practice in Germany.

FIAT 417. “Press-Welding” Aluminum for Aircraft Radiators.

FIAT 501. The German Aluminum and Magnesium Industries.

FIAT 516. Report on Recent Cable Development in Germany.

FIAT 522. The Beryllium Industries of Germany and Italy (1939 to 1945). [Alloys of
beryllium with Al, Cu, Ni, Mg, etc.]

FIAT 524. Production of Aluminum.
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FIAT 569. Manufacturing Bronze, Aluminum or Other Flake Metal Powders.

FIAT 602. Aluminum Pistons for Automobile and Aircraft Engines.

FIAT 686. Casting Methods for Aluminum and Aluminum Alloys Billets.

FIAT 699. Magnesium Determinations in Aluminum.

FIAT 731. Technology of Aluminum and Aluminum Alloy Production in Germany In-
cluding Early Fabrication and Recoveries from Scrap.

FIAT 754. Vibrating Ball Mill for Pulverizing Fine Materials.

FIAT 787. Precious Metal Refining and Fabrication by W. C. Heraeus and G. Siebert
Platinschmelze of Hanau. [Aluminum and rhodium mirrors]

FIAT 805. German Research on Experimental Aluminum-Base Bearings.

FIAT 829. Non-ferrous Metal Production Processes in the Hamburg District.

FIAT 876. Continuous Casting of Metals in Germany.

FIAT 907. Review of Recent Developments in Aluminum Refining.

FIAT 927. Production of High Alumina Slags in Blast Furnaces and Allied Processes
for Recovering Alumina.

FIAT 980. German Aluminum Industry.

FIAT 986. Carbon Electrodes in Germany for the Aluminum Reduction Industry.

FIAT 989. Alumina Production in Germany.

FIAT 992. The Electrothermal Production of Aluminum Silicon Alloy.

FIAT 993. The Aluminum Reduction Industry in Germany.

FIAT 997. German Research in the Light Metals Industry.

FIAT 1011. Fabrication of Aluminum in Germany. A Study of Some Specialized Prac-
tices and Techniques Employed in the Industry.

G-80. Rudolf Fleischmann. The Capture Cross Sections of Aluminum for Thermal Neu-
trons. 1941.

G-153. Wilhelm Hanle. Spectroscopic Analysis of Carbon, Aluminum, and Beryllium.
1942.
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H. Calcium

[Calcium was used in making certain metal alloys, but it also would have been extremely useful
in key steps of the purification of thorium, uranium, and/or plutonium. The following documents
demonstrate large-scale production and use of calcium, and even methods of utilizing calcium to
purify thorium and uranium.]

BIOS 236. Developments in Pure and Applied Microbiology (American, British and
French Zones) During World War II. [Calcium gluconate from hydrolysis of starch.]

BIOS 489. Chemische Fabrik Joh. A. Benckiser, G.m.b.H. Ladenburg Works. Manufac-
ture of Calcium Citrate.

BIOS 636. Mineralölwerke F. Harmsen, Kiel—Germany: Lubricants. [Calcium soap
greases.]

BIOS 675. The Production of Thorium and Uranium in Germany. [Using calcium to
process thorium and uranium—see pp. 3541–3542.]

BIOS 798. The German Ferro-Alloy Industry. [Calcium silicide manufacture.]

BIOS 883. Notes on Casting and Fabrication of Lead and Production of Bahnmetall.
[Calcium-lead alloy manufacture.]

BIOS 1044. German Carbide and Cyanamide Industry. Carbide Production. [Calcium
carbide manufacture.]

BIOS 1045. German Carbide and Cyanamide Industry. Handling of Carbide in Bulk.
[Calcium carbide, bulk transport of.]

BIOS 1046.German Carbide and Cyanamide Industry. Manufacture of Calcium Cyanamide.
[Calcium cyanamide manufacture from carbide.]

BIOS 1385. The German Hard Metal Industry. [Electron microscope, zirconium, ura-
nium, thorium, calcium tungstate manufacture, etc.]

BIOS 1443. The German Nitrogenous Fertiliser Industry (Excluding Cyanamide) in the
Western Zones. [Calcium nitrate manufacture for fertilizers.]

BIOS 1480. The Manufacture, Formulation and Application of the Major Pest Control
Products in the British, U.S. & French Zones of Germany. [Calcium compounds.]

BIOS 1490. German Gypsum Industry (British, American and French Zones). [calcium
sulfate mining]

BIOS 1539. German Chlorate Industry. [Calcium chlorate manufacture.]
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BIOS 1700. The Manufacture of Glycerophosphates and Hypophosphites in Germany.
[Calcium glycerophosphate and calcium hypophosphite manufacture.]

CIOS X-1. Caves at Bad Mor Mories, Near Vaas Used for Storage of Peroxide. [Calcium
permanganate underground tank storage.]

CIOS XVIII-1. Chemical Installation in the Cologne Area. [Calcium carbide.]

CIOS XXV-17. The Electrochemical Industry, Burghausen Area. [Calcium cyanamide
production.]

CIOS XXVII-83. AG für Sticksto↵dünger, Knapsack. [Calcium carbide production.]

CIOS XXVII-85. Miscellaneous Chemicals, I.G. Farben AG, Ludwigshafen and Oppau.
[Calcium carbide.]

CIOS XXVII-92. German Carbide, Cyanamide and Cyanide Industry. [Calcium car-
bide.]

CIOS XXXIII-31. Investigation of Certain Chemical Factories in the Leipzig Area of
Germany. [Calcium manufacture at I.G. Farben, Bitterfeld.]

CIOS XXXIII-47. Manufacture of Sodium and Calcium Permanganate.

FIAT 229. Copper, Lead, Zinc, Tin, and Antimony Smelting and Refining in North-
western Germany. [Calcium-lead alloys.]

FIAT 431. A Survey of the Chlorine and Caustic Plants in Western and Southern
Germany. [Calcium chlorate production.]

FIAT 665. German Fertilizers and Soil Fertility. [Calcium magnesium phosphate fertil-
izer.]

FIAT 728. AG für Sticksto↵dünger, Knapsack. [Calcium cyanamide.]

FIAT 732. Electrochemical Operations at I.G. Farbenindustrie AG, Bitterfeld. [Calcium
manufacture.]

FIAT 750. Rare and Minor Metals. [Calcium production.]

FIAT 756. Calcium Metal and Calcium Hydride.

FIAT 859. Continuous Chilling and Cooling of Calcium Carbide.
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Figure D.234: Flowchart of German methods of using calcium to process uranium and thorium
[BIOS 675].
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Figure D.235: Flowchart of German methods of using calcium to process uranium and thorium
[BIOS 675].
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Henry S. Lowenhaupt. 1996. Chasing Bitterfeld Calcium. CIA Historical Review Pro-
gram. [www.cia.gov/library/center-for-the-study-of-intelligence/kent-csi/vol16no4/
html/v17i1a04p 0001.htm]

In December 1946 a chemical engineer from the former I. G. Farben plant at Bitterfeld in East
Germany volunteered in Berlin that this plant “had started in the past few weeks producing 500
kilograms per day of metallic calcium. Boxes of the chemical are sent by truck every afternoon to
Berlin, labeled to Zaporozhe on the Dnieper. Calcium is believed to be used as a slowing agent in
processes connected with the production of atomic explosive.”

This was the lead we in the Foreign Intelligence Section of the Manhattan District Headquar-
ters had been waiting for. We had read the technical investigation reports from FIAT (Field
Information Agency /Technical) on the production of uranium at the Auergesellschaft Plant in
Berlin/Oranienburg. We also knew that Dr. Nikolaus Riehl—with his whole research team from
Auergesellschaft—had met the Russians, volunteering to help them make uranium for their atomic
bomb project. We knew from intercepted letters that the group was still together, writing from the
cover address PO Box 1037P, Moscow. We knew Auergesellschaft during World War II had made
the uranium metal for the German Uranverein—the unsuccessful German atomic bomb project—
by using metallic calcium to reduce uranium oxide to uranium metal (not as “slowing agent”). We
had analyzed the two-inch cubes of uranium metal from the incomplete German nuclear reactor
which the Alsos Mission had found in the minuscule village of Stadtilm in Thuringia. We knew
German uranium was terrible—full of oxides and voids, though it was fairly pure otherwise by
non-atomic standards. The files also disgorged that in 1945 the Russians had started to dismantle
and take to Russia the small calcium plant at the enormous Bitterfeld Combine, in addition to the
big magnesium facility.

Cables went out immediately to the European Command in Germany via G-2 and directly to Col.
Edgar P. Dean, Manhattan District representative in London, to locate and interrogate all engineers
who had fled Bitterfeld to the West or were currently willing to sell information on their unloved
masters. We wanted to know how much calcium was to be produced, what its specifications were,
and where it was to be shipped. We wanted to know what non-atomic normal German industries
used calcium, and in what quantities. We wished Col. Dean to keep our British colleagues in the
Division of Atomic Energy, Ministry of Supply, informed.

At home, the Scientific Division of the O�ce of Special Operations in the newly-formed Central
Intelligence Group was also apprised of our needs. Col. Frank A. Valente of our section was asked
to take time out from his task of organizing an atomic detection system to talk to the U.S. Atomic
Energy Commission in depth about the use in the U.S. program of calcium to reduce uranium
salts to uranium metal. Major Randolph Archer, also of our o�ce, was asked to talk to U.S, firms
making calcium metal, and find out what it was used for and in what quantities.

As so often happens, the people involved and their experience were crucial ingredients. On the
American side was the Foreign Intelligence Section of the Washington Liaison O�ce of the Man-
hattan District, then in the process of transferring as a unit to the newly formed Central Intelligence
Group. It was headed by Col. L. E. Seeman, a career Corps of Engineers o�cer who had run the
American engineering forces of the CBI theater during World War II and would go on to become
major general. The section was sta↵ed with a few career Corps of Engineers personnel, several
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o�cers and civilians trained in science, and the remainder trained in investigative procedures in
the Counter Intelligence Corps.

The orientation toward engineering on the part of our management led directly to a pragmatic
approach—do what works, and get on with the job. The engineering orientation also led materially
toward the estimative method of technical evaluation. Engineering o�cers are accustomed to laying
out engineering tasks to find out how long they will take at a minimum—and then to evaluate likely
slippage. They think in quantitative terms—man days, truckloads, cubic yards. The scientific side
of the section, Col. Valente, Mr. Charles Campbell, Mr. Donald Quigley, and I learned gradually
to ferret out the crucial technical facts, the bottlenecks as it were, that could be used in these
engineering-type evaluations.

A remnant of the wartime cooperation in the atomic field was the direct liaison at that time with the
Intelligence Section of the British Division of Atomic Energy of the Ministry of Supply. Col. Dean,
Assistant Military Attaché, was our representative in London. This cooperation was normalized
gradually into more regular country-to-country liaison channels after our section was deployed to
the newly formed CIG early in 1947. The Atomic Energy Act of 1946, which restricted much atomic
data to “cleared” U.S. personnel, also tended to perpetuate di↵erences between the U.S. and UK
intelligence e↵orts already in being in 1946 because of the “nationalistic” policies on the parts of
both General Leslie R. Groves, Manhattan District Commander, and Sir John Anderson, head of
the UK atomic e↵ort.

The British o�ce was sta↵ed with technical personnel, much as our own was. Mr. David Gattiker,
their liaison to our section, had been a chemical engineer with Imperial Chemicals Incorporated be-
fore World War II. Mr. Kenneth Townley, one of the London members, was a geologist by profession
with some experience in uranium prospecting. Its leader, Commander Eric Welsh, however, was
also a career member of MI-6. Commander Welsh had masterminded the sabotage of Norsk Hydro
in Norway in 1943 to prevent the Germans from getting heavy water and completing an operating
reactor at Stadtilm. In 1940 he had been instrumental in smuggling the great nuclear physicist
Niels Bohr out of occupied Denmark. And in the thirties he had been a chemist at Bitterfeld.

Returning to the calcium problem, by mid-January 1947 the Bitterfeld activity was definitely
confirmed, and indeed amplified: Russian requirements were for 30 tons of metallic calcium per
month, and distillation was needed to achieve adequate purity. A number of former Bitterfeld
engineers were soon interviewed, especially by Major Paul O. Langguth working for Col. Dean
in London. As we learned more, some were even re-interviewed. I remember, for instance, flying
to Wright Patterson Airbase in late 1947 to talk once again to a Bitterfeld metallurgist whom
Langguth had previously interrogated, and who had in the interim come to the U.S. as a member
of the Air Force’s Operation PAPERCLIP. [...]

[During the war, German industry produced calcium and used it to purify uranium and thorium (pp.
3541–3542). After the war, German industry continued to produce calcium for nuclear purposes—
for the Soviet Union, as shown by the above document.]
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I. Nickel

[Nickel was used for nickel-cadmium batteries and certain alloys. Yet because nickel is much more
resistant than other metals to corrosion by uranium hexafluoride (used in uranium enrichment), it
would have been invaluable in a nuclear program. The following documents demonstrate large-scale
production of nickel.]

German Nickel Refineries. Undated but probably 1944. [NARA RG 77, Entry UD-
22A, Box 169, Folder 32.32 Germ. Incl. TA]

Information from Section H of Economic Survey of Germany.
The Metal Industries, Ministry of Economic Warfare.

CONCERN LOCATION OF PLANT ESTIMATED PRODUCTION (Tons)

I. G. Farben Oppau, Piesteritz 5000–2500

Sacksische Aue
Blaufarben and 2500
Nickelwerke AG Oberschlema

Vereinigte
Deutsche
Metallwerke AG Altena 2500
(Basse und Selva)

Norddeutsche Veddel—Harburg 500
A�nerie near Hamburg

————
Total 13,000

[This U.S. intelligence document was considered so important with regard to Germany’s nuclear
program that it was placed in the files of Leslie Groves’s Foreign Intelligence Unit of the Manhattan
Project.]
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For more information on wartime nickel production and applications, see:

BIOS 26. Copper Smelting and Refining, Together with Related Metallurgical Activities
at Nord Deutsche A�nerie, Hamburg. [Nickel ores (Petsamo) treatment.]

BIOS 263. Part I. I.G. Farben Industrie-Oppau Works, Ludwigshafen (Report on Nickel
and Iron Powder Plants. Part II. Nord Deutsche A�nerie, Hamburg (Report on the
Treatment of Nickel-Copper Ores and Residues).

BIOS 358. Acrylic Esters, Synthesis from Acetylene and Nickel Carbonyl. [Nickel car-
bonyl regeneration from nickel salts.]

BIOS 371. Regeneration of Nickel Carbonyl (from Aqueous Solutions). [Nickel carbonyl
regeneration from nickel salt solutions.]

BIOS 511. Ruhr-Chemie A.G. Sterkrade Holten. Interrogation of Dr. O. Roelin. [Nickel
catalysts in Fischer-Tropsch process.]

BIOS 681. German Cold Rolled Strip Industry. [Nickel plated steel strip manufacture.]

BIOS 708. German Alkaline Accumulator Industry. [Nickel for alkaline accumulators:
nickel carbonyl]

BIOS 755. Manufacture of Butanol, Methoxybutanol, Butyraldehyde, Glycerogen at I.G.
Hoechst. [Nickel catalyst preparation for glycerogen manufacture.]

BIOS 778. German Manufacture of Wires and Strips for Electrical Heating. [Nickel-
chromium and Ni-Cr-Iron alloys for heating.]

BIOS 779. [Nickel-chrome alloys for pyrometers.]

BIOS 1003. Some Aspects of Copper, Nickel and Cobalt Production in Germany. [Nickel,
nickel sulfate, and nickel carbonate.]

BIOS 1009. A Survey of German Electro-Plating Methods. [Nickel plating methods.]

BIOS 1241. The Manufacture of p:p’ Diaminodicyclohexyl Methane (Dicykan). [Nickel
oxide catalyst manufacture.]

BIOS 1323. The Production of Powdered Iron and Sintered Iron Driving Bands in Ger-
many. [Nickel-iron sheets from sintered metal.]

BIOS 1372. German Silver & E.P.N.S. Holloware Industry. [Nickel-silver holloware
manufacture.]

CIOS XXXI-20. Refining of Cobalt, Nickel, Zinc and Cadmium.

CIOS XXII-15. I.G. Farbenindustrie Plant, Frose, Germany. [Nickel production.]
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CIOS XXIV-12. I.G. Farben—Oppau Works, Ludwigshafen. [Nickel production.]

CIOS XXXIII-59. German War List for Ferrous Materials (Kreigsliste).

FIAT 422. Manufacture and Regeneration of Catalysts at I.G. Farbenindustrie, Lud-
wigshafen Oppau. [Nickel sulfate.]

FIAT 522. The Beryllium Industries of Germany and Italy (1939 to 1945). [Alloys of
beryllium with Al, Cu, Ni, Mg, etc.]

FIAT 879. Notes on the Peeling of Nickel Deposits.

FIAT 800. Nickel Cadmium Storage Batteries in Germany.

FIAT 881. Contribution to the Production of Cast Nickel Anodes.

FIAT 882. Anodes. [Nickel anodes in electrolytic processes.]
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J. Zirconium

[Zirconium was used for high-temperature metals and ceramics in non-nuclear applications, but its
high temperature resistance and other properties also would have made it ideal as a fuel cladding
material in fission reactors.]

FIAT 750. Rare and Minor Metals. p. 16

[...] The element is imported principally in the form of zircon mixed with monazite. In 1936 the
production of metallic zirconium was 2,000 kg. and the pre-war price (1938) was RM 35 per kg.
There are three producers of the metal:

Deutsche Gold- und Silver-Scheideanstalt[...]

I.G. Farbenindustrie A.G.[...]

I. D. Riedel—E. de Haen A.G.[...]

The following documents also demonstrate commercial production and utilization of
zirconium:

BIOS 276. Telefunken Gesellschaft für Drahtlose Telegraphie m.b.h., Berlin; Special
Materials for Radio Valves. [Zirconium for radio valves, treatment of.]

BIOS 896. The Manufacture of Zirconium-Potassium Fluoride, Zirconium Oxide and
Zirconium Oxychloride.

BIOS 1338. Developments in Magnesium Production and Fabrication. [Beryllium, zir-
conium at Degussa; also fluorine and carbon at I.G. Farben.]

BIOS 1385. The German Hard Metal Industry. With Addenda. [Electron microscope,
zirconium, uranium, thorium, etc.]

CIOS XXIX-14. I. G. Farbenindustrie A. G., Leverkusen, Germany. [Zirconium com-
pounds, production.]

FIAT 89. Metallurgical and Industrial Developments in Magnesium. [Zirconium alloys]

FIAT 617. The Electrical and Technical Ceramic Industry of Germany. [High temp
zirconium ceramics]

FIAT 774. Anhydrous Chlorides Manufacture. [Zirconium chlorides.]

FIAT 785. Electrical Contacts. [Zirconium alloys for electrical contacts.]

FIAT 1048. The Production of Zirconium Oxide.

[For documentation of the shipment of zirconium to Japan, along with other apparently nuclear-
related materials, see p. 3522. This evidence suggests that at least some of the zirconium produced
in Germany during the war was intended for nuclear applications.
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Further evidence of German zirconium production for nuclear purposes comes from a postwar
shipwreck, as shown in Fig. D.236.

The SS Flying Enterprise, a commercial U.S. cargo ship, left Hamburg on 21 December 1951 with a
variety of cargo headed for the United States. While passing near the southern coast of England, the
ship was badly damaged in a storm on 25 December 1951. Despite extensive e↵orts by other ships
to prevent the Flying Enterprise from sinking, it finally went down on 10 January 1952. (Everyone
onboard was saved except for one person.)

In later interviews, the captain of the Flying Enterprise, Kurt Carlsen, stated that among the cargo
was five tons of German-produced zirconium, left over from the wartime German nuclear program
and destined to be used as cladding for the uranium fuel rods in the first U.S. nuclear submarine,
USS Nautilus. Carlsen also stated that Navy divers salvaged the zirconium from the underwater
wreck of his ship and took the zirconium back to the United States, causing a six-month delay in
the launch of the Nautilus (finally launched in 1954).

This information confirms that some of the German zirconium that was being produced during the
war was specifically intended for nuclear applications. It is not clear if those applications included
submarine reactors, breeder reactors for producing plutonium, or other purposes. It is also not clear
how far such nuclear work progressed in Germany during the war.

Any U.S. government documents on this shipment of zirconium or its origins in the wartime German
nuclear program appear to remain classified and unavailable. This incident seems to confirm that
the U.S. government has a much deeper knowledge of the wartime German nuclear program than
it has admitted publicly, and that that knowledge shows the German nuclear program to have been
more advanced than has been publicly stated.]

Bjarne Bekker. 2013. Flying Enterprise & Kurt Carlsen. Svendborg, Denmark: Bekker.
p. 141. http://flying-enterprise.øavisen.dk

The reactor on “Nautilus” needed zirconium from “Flying Enterprise”

Kurt Carlsen spoke of it as if it were a story about onshore shooting in the Faroe Islands, water
skiing on the lakes at Silkeborg or landing a sports plane on the beach on the west coast on a
visit to his in-laws in Tane near Blavand. Quietly and matter-of-factly he sat in his retirement in
Woodbridge and explained the cargo of zirconium. That the American military and secret service
had found the material in West Germany. That Hitler was to use it in his nuclear program and
that it was now to be used in the reactor of the first nuclear submarine “Nautilus”.

“The launch was delayed six months, because divers had to enter the “Flying Enterprise” and
retrieve the five tons of zirconium. Several idiotic reporters at the time wrote that my cargo was
nuclear bombs. That was so wrong. My cargo was a material which encapsulates radioactivity”.

[See also:

Lasse Spang Olsen and Emil Oigaard. 2002. The Mystery of Flying Enterprise. Copenhagen: O↵-
shore Film Production. www.idfa.nl/en/film/4d5ab20b-f3ce-4238-a0e0-42d1119403c4/the-mystery-
of-flying-enterprise/docs-for-sale www.youtube.com/watch?v=DzCOYlMcOiA

Deutsches Zirkonium war für erstes Atom-U-Boot der Welt bestimmt: Taucher bargen geheime
Fracht des See-Helden Kapitän Carlsen. Ruhr-Nachtrichten (Dortmund). 24 January 1987.]
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Figure D.236: The SS Flying Enterprise sank on 10 January 1952 while carrying cargo from Ham-
burg to the United States. Its captain, Kurt Carlsen, later told interviewers such as Bjarne Bekker
that the cargo included five tons of zirconium, left over from the wartime German nuclear program,
which was salvaged from his sunken ship and used in the first U.S. nuclear submarine, USS Nautilus.
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K. Cadmium

[Cadmium was used for nickel-cadmium batteries and soldering, but it also could have been ex-
tremely useful as a neutron absorber. The following documents illustrate the production and appli-
cations of cadmium, as well as methods for electroplating thin layers of materials such as cadmium
onto aluminum (which could be useful for nuclear applications).

German capabilities to electroplate cadmium on aluminum are potentially quite relevant for creating
a neutron-absorbing cadmium layer on a spherical aluminum pusher as in the German fission
implosion bomb described in March 1945—see p. 3790. For a description of how cadmium was
mined on a large scale with specific knowledge of its utility in atomic bombs, see p. 3768.]

English translation of Rudolf Fleishmann to Georg Stetter [both nuclear scientists].
12 June 1942. [Deutsches Museum Archive, Munich, FA 002/0401]

[...] I am having thin cadmium sheets (foil) 0.5 mm and 1 mm thickness rolled out at the G. A.
Scheid Co. refinery, Gumpendorferstrasse 85, Vienna VI. To be sure I must obtain the cadmium. I
used to get it from the organization in Berlin you know about. [...]

English translation of Rudolf Fleishmann to Dr. Th. Schuchardt Firm, Goerlitz. 14
December 1943. [Deutsches Museum Archive, Munich, FA 002/0401]

[...] We require cadmium sheets for work with slow neutrons: 4 sheets 50 x 40 cm x 0.6 mm. [...]

BIOS 1159. The Uses of Zinc in Germany.

[p. 27:] 3 CADMIUM—Supply and Consumption

SOURCES OF INFORMATION

The information on supply was obtained from the same sources as that on the supply of zinc, viz;
the Reichsstelle Eisen und Metalle and the Metallgesellschaft. The production figures obtained from
the former were said to be actual figures and not estimates; but it is thought that the export and
import figures from the latter are estimates only.

TOTAL SUPPLY

The following table, in metric tons, shows German and Austrian production and includes that from
Upper Silesia from September, 1939, from the following Smelters—Giesche (Kattowitz), Hohenlohe
and Schlesag:

1938 1939 1940 1941 1942 1943 1944
PRODUCTION 437 477 531 608 484 496 404
Imports 100 253 86 1 72 10 7
TOTAL SUPPLY 537 730 617 609 556 506 411
less exports 50 47 62 37 128 108 29
NET SUPPLY 487 683 555 572 428 398 382
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[p. 28:] CONSUMPTION

No figures on consumption for various purposes could be obtained, but the team was informed that
the main uses before the war were alkaline accumulators for mining lamps, cadmium pigments,
cadmium plating instead of nickel for bearing alloys.

During the war the main uses were in accumulators [nickel-cadmium batteries] for the Forces—
submarines, etc. and in cadmium alloy solders used as a substitute for tin-lead solders. [...] Other
uses were severely curtailed, cadmium pigments being used only for military requirements.

For more information on cadmium production and uses, see:

BIOS 264. German Brass and Copper Wire Industry. [Cadmium copper wire substitute
production.]

BIOS 379. The German Zinc Smelting Industry. [Cadmium production.]

BIOS 708. German Alkaline Accumulator Industry. [Cadmium—iron “masse” for alka-
line accumulators]

BIOS 813. Zinc Works at Porto Marghera, Italy (Montecatini-Montevecchio, Soc. Ital-
iana del Piombo e dello Zinco). [Cadmium recovery in zinc refining.]

CIOS XIII-5. Photo Lenses and Optical Instruments. [Cadmium glass preparation.]

CIOS XXIX-14. I. G. Farbenindustrie A. G., Leverkusen, Germany. [Production of
cadmium compounds.]

CIOS XXXI-20. Refining of Cobalt, Nickel, Zinc and Cadmium.

CIOS XXXI-56. George Von Giesche’s Erben, Magdeburg. [Cadmium production.]

FIAT 733. Vertical Retort Zinc and By-Products: Oker, Harz Mts.

FIAT 800. Nickel Cadmium Storage Batteries in Germany.

FIAT 814. German Production of Some of the More Important Inorganic Pigments.
[Cadmium pigments manufacture.]

FIAT 882. Anodes. [Cadmium anodes]
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BIOS 1009. A Survey of German Electro-Plating Methods.

[p. 24:] CADMIUM.

A process of cadmium deposition by immersion was mentioned MR. MEYER but this was not seen.

[p. 67:] CADMIUM PLATING.

This was produced in small quantities but it appeared that zinc was used in practically all cases.
This may have been due to shortage.

[p. 68:] CHROMIUM PLATING OF ALUMINIUM.

This had been done on a commercial scale but seemed to have faded out, due possibly to general
disuse of decorative chromium plating during the war and the imperative saving of man power.
One or two firms catalogued the finish. Interrogation brought little information.

BIOS 1615. The German Metal Finishing Industry

[p. 5:] Cadmium Plating

This is employed to a limited extent and the solutions are analogous to the higher current density
type used in this country. [...]

[p. 8:] Plating on Aluminium and its Alloys

Although aluminium is widely used in Germany, no actual samples of nickel plus chromium plated
aluminium were seen. Samples of lead plated battery lugs were encountered at Robert Bosch,
Stuttgart and direct chromium plated aluminium at Blasberg’s, Sollingen. Numerous references
are made to the plating of aluminium and its alloys, however, and the most popular treatment
for plating on this metal appears to be a primary application of a zincate dip followed by either a
copper or brass deposit and then final plating.

For more technology for electroplating on aluminum, see:

BIOS 429. German Electroplating Industry.
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D.8 Fission Bomb Design

[The following documents demonstrate that the German nuclear program had sophisticated implo-
sion bomb designs that would be highly suitable for either a fission implosion bomb or a fusion-
boosted fission implosion bomb, and moreover that the German program carried out serious ex-
perimental work on implosion bombs from an early date. The most important design details are
summarized in Table D.2.

Adolf Busemann (German, 1901–1986), Rolf Engel (German, 1912–1993), Gottfried Guderley (Ger-
man, 1910–1997), Walter Hantzsche (German, 19??–19??), Rudi Schall (German, 1913–2002), Hu-
bert Schardin (German, 1902–1965), Erich Schumann (German, 1898–1985), Walter Trinks (Ger-
man, 1910–1995), Hilmar Wendt (German, 1913–19??), and many others worked in teams that
developed and demonstrated implosion bomb designs:

• No later than 1940, the German mathematicians Walter Hantzsche and Hilmar Wendt pre-
dicted the pressure, density, and temperature in spherical and cylindrical implosion bomb
configurations, mathematical solutions that are still used today (pp. 3560–3563).

• No later than 1942, Gottfried Guderley, a hydrodynamics expert working for the German
military, performed very similar calculations for spherical and cylindrical implosions (pp.
3564–3565).

• 1943 U.S. intelligence reports stated that “several factories and hundreds of workers” just
south of Hamburg were producing a new type of explosive that had a remarkably high density,
that was so energetic that one kilogram of the new material would have a blast radius of
several kilometers, and that would be placed into bombs of a highly unusual spherical design
(p. 3566).

• In November 1944, Time magazine published an intelligence report that Germany was devel-
oping an atomic bomb with a spherical implosion design (p. 3576).

• A 23 March 1945 letter from General Ivan Ilyichev to Joseph Stalin reported that the Germans
had an atomic bomb and described it in considerable detail as a 2-ton, 1.3-meter-diameter
spherical implosion bomb with multiple concentric layers and a uranium-235 core (p. 3789).

• Erich Schumann, the German Army Ordnance O�ce’s head physicist, along with others on
his sta↵, spent several years during the war designing and testing ever more sophisticated
bombs designed to use an outer shell of conventional explosives to implode an inner core
of various materials, including nuclear fuels (pp. 3578–3633). (Schumann was also Wernher
von Braun’s Ph.D. thesis advisor for the development of rockets, as well as a key figure in
Germany’s biological warfare program and several other advanced research programs. Yet
Goudsmit testified to the U.S. Senate that Schumann was mainly interested in “the physics
of piano strings.”)
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• In November 1945, the German economist Erwin Respondek wrote that Erich Schumann
had been involved in the development of an atomic bomb that used uranium fuel and a
neutron initiator (and apparently Schumann’s expertise, conventional explosives for spherical
implosion) (p. 3581).

• A Top Secret U.S. cable from March 1946 stated that a “capable young engineer” in Poland
knew that atomic bomb casings included a layer of cadmium, which was true for the implosion
bomb designs described by both Ilyichev and Schumann (p. 3768).

• A 1946 U.S intelligence report (which was not declassified until 2006) stated that at the end
of the war, General Hans Kammler’s deputy Erich “Purucker was driving a large civilian car
which contained many of the plans on the atom bomb. This car plus material fell into the
hands of the Russians” (p. 3991).

• A U.S. intelligence card catalog shows that there were postwar reports giving details of the
German atomic bomb plans, but those reports are still classified and unavailable to the public
(pp. 4086–4086).

• After the war, Kurt Diebner discussed spherical implosion bomb designs, specifically showing
a spherical core of fission fuel with a center of fusion fuel (pp. 3634–3638).

• German witnesses described secretive and mysterious work that had been conducted during
the war to produce and test nesting aluminum spheres that apparently matched the descrip-
tion of those in the implosion bomb designs (p. 3639).

• In 2000–2002 interviews, Heinrich Himmler’s chief adjutant, Werner Grothmann, mentioned
the development of an atomic bomb that “would have possessed a spherical shape with a
diameter of over one meter. It was very heavy, even though the bomb body itself was supposed
to be out of aluminum. It was said, if one reduces the weight, the yield is not as high” (pp.
3642–3644).

• Werner Grothmann (pp. 3642–3644) and Erich Schumann and Walter Trinks (pp. 3578–3633)
stated that there were actually several di↵erent versions of the implosion bomb design for
di↵erent geometries (spherical vs. cylindrical), sizes, and fuels.

• German scientists also appear to have been aware of the gun-type fission bomb design [Karlsch
and Walker 2005; Thirring 1946]. However, any development seems to have been focused on
the implosion design, since it requires much less fission fuel and has a much higher e�ciency
than the gun design.

For sources describing weapon designs with a significant amount of fusion fuel as well as fission
fuel, see Section D.9.]
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Table D.2: Details about fission implosion bomb design from primary sources.
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H. Rausch von Traubenberg and H. Adam. 1937. Über die Rückstreuung von Neutro-
nen und die Herstellung von Räumen mit erhöhter Neutronenkonzentration. Zeitschrift
für Physik 104:442–447.

Wir beabsichtigen, unsere Versuche mit schwerem
Wasser als bremsender Substanz fortzusetzen,
da bei diesem eine geringere Absorption von
Neutronen (Tritonenbildung) zu erwarten ist.

Zum Schluß haben wir noch Versuche über
die Richtungsverteilung der an Eisen gestreuten
Neutronen angestellt. Zu diesem Zwecke wurde
ein Eisenstab von 3x3 cm als “Reflektor” benutzt
und die Aktivierung des Rhodiumzylinders in
verschiedenen Orientierungen zum Eisenstab
ermittelt. Jedoch konnte die Frage bei der
Schwäche unserer Neutronenquelle trotz langer
Meßreihen noch nicht eindeutig beantwortet wer-
den und wir beabsichtigen daher, das Problem
der Richtungsverteilung mit stärkeren Neutro-
nenquellen erneut in Angri↵ zu nehmen.

Zusammenfassung. In der vorliegenden Un-
tersuchung wurden die Resultate von Mitchell
und Mitarbeitern über die starke Rückstreuung
langsamer Neutronen an Eisen und Blei bestätigt.
Es gelang in geschlossenen Hohlräumen (bis zu
9 Liter) durch Verwendung von reflektierenden
Eisen- bzw. Bleiwänden Neutronenkonzentra-
tionen herzustellen, die die Werte ohne reflek-
tierende Wände um ein Vielfaches übertrafen.
Auf diese Weise wurde erstmalig eine gewisse An-
reicherung von Neutronen (Kernbestandteilen)
in leeren Räumen erreicht und so die Möglichkeit
gegeben, mit einem reinen “Neutronengas” ohne
Anwesenheit von störender Materie zu arbeiten.

We intend to continue our experiments
with heavy water as a moderating sub-
stance, since a lower absorption of neutrons
(triton formation) is to be expected with this.

Finally, we performed experiments on
the directional distribution of neutrons
scattered by iron. For this purpose an iron
rod of 3x3 cm was used as a “reflector” and
the activation of the rhodium cylinder in
di↵erent orientations to the iron rod was
determined. However, given the weakness of
our neutron source, the question could not
yet be answered unambiguously, despite long
series of measurements, and we therefore
intend to tackle the problem of directional
distribution again with stronger neutron
sources.

Summary. In the present investigation,
the results of Mitchell and coworkers on the
strong backscattering of slow neutrons by
iron and lead were confirmed. It was possible
to produce neutron concentrations in closed
cavities (up to 9 liters) by the use of reflecting
iron or lead walls which exceeded many times
the values without reflecting walls. In this
way, for the first time, a certain enrichment of
neutrons (nuclear constituents) was achieved
in empty spaces, thus making it possible to
work with a pure “neutron gas” without the
presence of interfering matter.

[German scientists began using neutron reflectors around their nuclear reaction experiments no
later than 1936. See Fig. D.237. Neutron reflectors are important for both fission reactors and
fission bombs.

H. Rausch von Traubenberg also did important very early work on tritium production and fusion
reactions. See p. 3649.]



3558 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.237: German scientists began using neutron reflectors around their nuclear reaction ex-
periments no later than 1936 [Zeitschrift für Physik 104:442–447 (1937)].
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Thomas Siemon. Hessen-Niedersächsische Allgemeine 24 July 2014
[http://www.hna.de/lokales/kassel/henschel-wollte-atombombe-kriegseinsatz-bauen-
3727289.html].

Pläne aus Zeiten des Zweiten Weltkrieges

Schriftsatz aufgetaucht: Henschel wollte
Atombombe für den Kriegseinsatz bauen

Kassel. 1945 sorgten die Atombomben auf
Hiroshima und Nagasaki für zehntausende von
Opfern und furchbare Zerstörungen. Bereits
vier Jahre zuvor gab es bei der Kasseler Firma
Henschel konkrete Überlegungen für den Bau
einer Nuklearwa↵e. Das belegt ein Schriftsatz
aus dem Jahr 1941, der jetzt aufgetaucht ist.

Er hat 260 Seiten und liegt der HNA vor.

Mit ganzer Kraft müsse an der Erforschung der
Kettenreaktionsvorgänge gearbeitet werden,
heißt es da. Zwar wird auch die Nutzung der
Atomenergie für den Antrieb von Kampf-
flugzeugen, U-Booten, die Medizin und zur
Stromerzeugung erwähnt. Das klare Ziel der
Entwicklung ist aber die “Herstellung einer
Uran-Bombe für den jetzigen europäischen
Krieg als furchtbarste Wa↵e”.

Mehr zum Thema Henschel finden Sie im
Regiowiki (http://regiowiki.hna.de/Henschel).

An der Echtheit der handgebundenen
Dokumente besteht kein Zweifel. Helmut
Weich, der ehrenamtliche Leiter des Kasseler
Henschel- Museums, hat die erwähnten Namen
und Örtlichkeiten überprüft. Demnach hat
der damalige Chefentwickler der Henschel-
Flugzeugwerke in Berlin-Schönfeld, Professor
Herbert Wagner, das umfangreiche Dossier mit
Unterstützung von weiteren Fachleuten erstellt.

Plans from the times of the Second World War

Written brief found: Henschel wanted to
build a nuclear bomb for war use

Kassel. In 1945, the atomic bombs on Hi-
roshima and Nagasaki caused tens of thousands
of victims and terrible destruction. Four years
earlier, the Kassel-based company Henschel
had already given concrete consideration to
the construction of a nuclear weapon. This is
documented in a document from 1941, which
has now appeared.

It has 260 pages and is available to the
HNA.

It says that the research of chain reaction
processes has to be done with all one’s
strength. The use of atomic energy for the
propulsion of combat aircraft, submarines,
medicine and power generation is also men-
tioned. But the clear goal of the development
is the “production of a uranium bomb for the
current European war as the most terrible
weapon.”

You can find out more about Henschel in the
Regiowiki (http://regiowiki.hna.de/Henschel).

There is no doubt about the authenticity
of the hand-bound documents. Helmut Weich,
the honorary director of the Henschel Museum
in Kassel, has checked the names and locations
mentioned above. Accordingly, the then chief
developer of the Henschel-Flugzeugwerke in
Berlin-Schönfeld, Professor Herbert Wagner,
prepared the extensive dossier with the support
of other experts.
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Henschel war damals nicht die einzige Firma,
die sich intensiv mit den Möglichkeiten der
Atomenergie beschäftigte. Auch Siemens, die
IG Farben und Degussa hatten großes Interesse
an diesem Thema.

In der gedruckten Ausgabe am Freitag
lesen Sie außerdem:

- Es blieb bei Plänen für die Bombe: Nach 1941
keine weiteren Aktivitäten zur militärischen
Nutzung der Kernenergie bei Henschel bekannt

Bekannt ist, dass eine Delegation von Hen-
schel in Paris war, um sich dort über die
Forschung zur Kernspaltung mit einem so-
genannten Zyklotron zu informieren. Nach
Einschätzung von Fachleuten waren weder
Henschel noch die anderen Firmen in der
Lage, die Bombe wirklich zu bauen. Nach dem
Krieg sprachen alle Beteiligten davon, lediglich
Grundlagenforschung betrieben zu haben.

Henschel was not the only company at the time
to be intensively involved with the possibilities
of nuclear energy. Siemens, IG Farben and
Degussa were also very interested in this topic.

You can also read in the printed edition
on Friday:

- It remained with plans for the bomb:
After 1941 no further activities for the military
use of nuclear energy known at Henschel.

It is known that a delegation of Henschel
was in Paris to inform themselves about the
research on nuclear fission with a so-called
cyclotron. According to experts, neither Hen-
schel nor the other companies were able to
really build the bomb. After the war, all those
involved said that they had only carried out
basic research.

Walter Hantzsche and Hilmar Wendt. 1940. HEC 10722. On Shock Waves from Cylin-
drical and Spherical Waves of Compression. [U.K. Imperial War Museum, Duxford
Archive, Halstead Exploitation Centre reports]

We utilize only the equations of motion of an unsteady gas flow, and consider, in the following,
a plane, cylindrical and spherical compression wave with a steep velocity front. In the case of
the plane wave, a shock wave appears following continuous steepening of the velocity front. For
cylindrical and spherical waves, on the other hand, it can happen that a steepening of the velocity
front only takes place after a given time. Previously the front becomes flatter, the diminishing
of the amplitude through the spreading of the wave, outweighing the steepening caused by the
compression. A criterion is established for the onset of a shock wave, which, in the case of the
spherical wave, agrees with Burton.

[This report demonstrates that by no later than 1940, German scientists had carried out calculations
applicable to both spherical and cylindrical implosion bombs. Gottfried Guderley’s more famous
1942 paper with similar calculations is shown on pp. 3564–3565. See also pp. 2061–2063 and 4051.]
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Figure D.238: By no later than 1940, Walter Hantzsche and Hilmar Wendt had carried out calcu-
lations applicable to both spherical and cylindrical implosion bombs [Halstead Exploitation Centre
(HEC) Report 10722, English translation, U.K. Imperial War Museum, Duxford Archive].



3562 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.239: By no later than 1940, Walter Hantzsche and Hilmar Wendt had carried out calcu-
lations applicable to both spherical and cylindrical implosion bombs [Halstead Exploitation Centre
(HEC) Report 10722, English translation, U.K. Imperial War Museum, Duxford Archive].
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Figure D.240: By no later than 1940, Walter Hantzsche and Hilmar Wendt had carried out calcu-
lations applicable to both spherical and cylindrical implosion bombs [Halstead Exploitation Centre
(HEC) Report 10722, English translation, U.K. Imperial War Museum, Duxford Archive].
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Figure D.241: English translation of 1942 paper by Gottfried Guderley (1910–1997), a hydrody-
namics expert working for the German military, predicting the pressure, density, and temperature
of highly compressed and accelerated matter in both spherical and cylindrical geometries for power-
law equations of state, as would be directly applicable to implosion bombs.
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Figure D.242: Detailed 1942 calculations by Gottfried Guderley predicting the pressure, density,
and temperature in a spherical implosion bomb (without explicitly calling it that in public).
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Background on Frederick Loofbourow [Powers 1993, p. 271]

Dulles never lacked for reports of new German explosives. One dated October 28, 1943, came from
an OSS o�cer ostensibly serving as a senior economic analyst in the American consulate in Zurich
who signed all his reports “493.” This was Frederick Read Loofbourow, an executive of the Standard
Oil Company of New Jersey, sent to Switzerland in 1942 by the Board of Economic Warfare to
gather intelligence on German petroleum production. After the border was closed, Loofbourow was
tapped by Dulles for OSS work and given a wide range of jobs through the end of the war.

Intelligence via Frederick Loofbourow [NARA RG 226, Entry 125, Box 6, Folder 78]

[Handwritten:] From Berg’s man in Bâle [Basel, Switzerland]

19.9.1943

[...] Unsere Gewährsleute behaupten, dass
sich in Hiltersheim, Bezirk Magdeburg, grosse
Sprengsto↵fabriken befinden. Diese Fabriken
sollen von Ludwigshafen hierher verlegt worden
sein. Sie befinden sich in unterirdischen, bomben-
sicheren Räumen. Es wird hier ein Sprengsto↵
hergestellt, der eine ungeheuere Sprengwirkung
haben soll. In Ludwigshafen wurde dieser
Sprengsto↵ versuchsweise zur Sprengung von
stark beschädigten Häusern und ganzer Quartiere
verwendet. Mit einem Kilogramm soll in einem
Umkreis von ca. 4 Kilometern alles buchstäblich
wegrasiert worden, bzw. zu Staub und Asche
zerfallen sein. Dieser Sprengsto↵ soll, wie man
uns sagt, für andere Zwecke demnächst verwendet
werden. [...]

[...] Our sources claim that there are large ex-
plosive factories in Hiltersheim, Magdeburg
district. These factories are said to have been
moved here from Ludwigshafen. They are in
underground, bomb-proof spaces. They are
making a high-density explosive here that is
supposed to have an enormous explosive ef-
fect. In Ludwigshafen, this explosive was used
on a trial basis to blow up severely dam-
aged houses and entire quarters. With one
kilogram, everything should be literally razed
away, or disintegrated to dust and ashes,
within a radius of approximately four kilo-
meters. We are told that this explosive will
be used for other purposes in the near future.
[...]

October 28, 1943.

NEW GERMAN EXPLOSIVE—SECRET WEAPON

Dr. Berg tells me that his friends know from countless sources that several factories and hundreds
of workers have been transported from the Wiesental near Bâle to northern Germany. The workers’
letters home are mailed from a great variety of towns—but all these towns are on the periphery of
the Lüneburger Heide.

The story he hears is that they are all working in vast underground factories putting out a new
explosive in aerial bombs. He has even heard that the container of the explosive is spherical.

A very large number of runways are being built in that region with calculated slowness and care
to prevent detection from the air—and these are to accommodate the planes that will eventually
come to load up with the new bombs for an attack on England.

While I am gone he will assemble the details of this story for me—what kind of factories were
removed—what kind of training the workers had had—names of any chemicals they may have
worked with. He heard some part of the explosive was previously manufactured in the Wiesental
before the whole business was concentrated in Lüneburger Heide.
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The concentration took place about 9 months ago.

Suggests we take a good look from the air.

493.

[Loofbourow seemed to have great confidence in his source “Dr. Berg” (not to be confused with
Moe Berg, an OSS spy). Would it possible now to trace who that person actually was?

The new explosive reported by Dr. Berg was said to have “an enormous explosive e↵ect” and
clearly was not a conventional explosive. A fuel-air explosive (such as was being developed by
Mario Zippermayr and others) could have an enormous explosive e↵ect, but it would require on
the order of a ton, not a kilogram, of fuel, and the fuel would be relatively low density. This report
of a new explosive that was “a high-density material,” and that was so powerful that one kilogram
of the new explosive could have a blast radius of several kilometers, seems to accurately describe
the properties of weapons-grade uranium or plutonium. Dr. Berg reported that large factories with
hundreds of people were producing the new explosive, which sounds like a large-scale production
operation, not just small-scale lab experiments with minute quantities.

According to Dr. Berg, production began no later than early 1943. Based on current evidence about
the technologies that were available in Germany at that time and that would have been suitable for
producing fission bomb fuel, the most likely production method would have been electromagnetic
separation of uranium-235. That approach would have been highly similar to the U.S. calutrons at
Oak Ridge, which also required hundreds of minimally trained workers to operate. Other possibilities
would have been gas centrifuges or gaseous di↵usion for enriching uranium-235, or a reactor or
particle accelerators for breeding plutonium-239 or uranium-233.

For aerodynamic, stability, and targeting reasons, bombs are generally not spherical. The only
reason to make a spherical bomb is if the bomb physics compels that choice—a spherical implosion
bomb. Actually, this report gives many relevant details. It describes a bomb that:

1. Was spherical in overall shape, which strongly suggests an implosion design.

2. Contained on the order of a kilogram of a high-density material that was a new type of
explosive.

3. Required large factories, hundreds of people, and over a year to produce enough of that
high-density material.

4. Contained other components that are alluded to but not specified.

5. Had a blast radius of several kilometers.

Those details are highly consistent with others descriptions of a German fission implosion bomb.

The Lüneburger Heide or Heath is an area just south of Hamburg. Note the measures taken to
avoid aerial surveillance (“to prevent detection from the air”) and aerial bombardment (“vast
underground factories,” distribution “in a number of towns”) of this program. If those measures
were successful, and if the equipment was evacuated, blown up, or buried before the end of the war,
the whole program could have remained unnoticed by Allied countries, apart from a few intelligence
reports such as those of Dr. Berg and the following documents, which do not appear to have been
seriously pursued. See also pp. 4032–4033.]



3568 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.243: Several documents reported that there was a hidden underground nuclear facility
somewhere in the Lüneburger Heide area south of Hamburg [NARA RG 226, Entry 125, Box 6,
Folder 78].
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Figure D.244: Several documents reported that there was a hidden underground nuclear facility
somewhere in the Lüneburger Heide area south of Hamburg [NARA RG 226, Entry 125, Box 6,
Folder 78].
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Figure D.245: Several documents reported that there was a hidden underground nuclear facility
somewhere in the Lüneburger Heide area south of Hamburg. See also pp. 4032–4033.
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From US Military Attaché Madrid Spain to War Department. 21 June 1944. Cable
12547. [NARA RG 165, Entry NM84-489, Box 175, Folder G-2 Book III a (Cables)]

To London and MILID, 12547.

Contact named Handtusch now returned to Germany eval FO states sea pointed last several days
is aerial torpedo. Proof fired from Lueneburger Heide in direction Baltic Sea, impact area approx-
imately 100 KM from Kiel. He stated storage depots these torpedos located in Lueneburger Heide
near Lueneburg. Manufactured in new underground plants between Rostock and Stralsund.

Sharp.

BIOS 142. Information Obtained from Targets of Opportunity in the Sonthofen Area.
1945.

A. The S. S. Hauptamt (information from various sources)

Scientific research on new weapons and the production of armaments in Germany was controlled
not only by the established ministries such as the R.L.M. but also by Speer’s ministry and by the
S. S. Hauptamt. [...]

Obergruppenführer Professor Kammler, one of the directors of the S.S. Hauptamt, was said to
have great influence on Himmler and more influence on Hitler than Speer himself; and he was kept
informed on all questions concerning armaments. The New Weapons section of the Wa↵enamt was
apparently directed by a man called Bree. Standartenführer Klumm worked in this section and
under him Lt. Kreutzfeld, who was interrogated.

One of the functions of the S.S. was to control the work of politically unreliable scientists who were
kept in concentration camps. One of these camps was at Oranienburg, and research was done here
on new weapons. [...] Another such camp was located at Nordhausen in the Harz, and came under
the direct control of Kammler. Here the prisoners worked in an underground factory engaged on
production. [...]

B. Information obtained from K. Kreutzfeld [...]

(g) Liquid air bomb

As the research on the atomic bomb under Graf von Ardenne and others was not proceeding as
rapidly as had been hoped in 1944, it was decided to proceed with the development of a liquid air
bomb. [...]
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C. Interrogation of Josef Ernst [...]

(c) Scientific concentration camps

Ernst stated that he had been imprisoned at a concentration camp for politically unreliable scientists
called “Camp Mecklenburg” in the Lüneburger Heide. This place was not known to Kreutzfeld,
who was however acquainted with the Oranienburg camp. The possibility of bringing Ernst over to
Oranienburg was also mentioned in Ernst’s personal file, which had been given to him by Kreutzfeld
for identification purposes. There was no mention of Camp Mecklenburg in this file. Ernst also
stated that there was a similar camp at Maudhausen, near Vienna, but this was also unknown to
Kreutzfeld. [...]

(f) Other work at Camp Mecklenburg

Ernst also stated that work was carried out at this camp on a new liquid air bomb, and liquid air
gun (?), while trials on some kind of atomic bomb were made at or near the camp.

[The BIOS investigators interrogated Kurt Kreutzfeld, who had apparently been a member of the
SS, and Josef Ernst, who had apparently been a “politically unreliable” scientist sentenced to work
in concentration camps under the supervision of Kreutzfeld and other SS members. Ernst said he
had worked at a concentration camp in the Lüneburger Heide where scientists were developing
atomic bombs and other advanced weapons. Kreutzfeld denied that such a place existed and ap-
parently implied to the BIOS investigators that Ernst was crazy. From the report, it seems that
the BIOS investigators chose to believe the SS man’s denials, and disbelieve the captive scientist’s
report about atomic bomb development.

The veracity of Ernst’s statements is strongly supported by two points he includes that are corrob-
orated by other sources but would have been very far from common knowledge:

• His description of Lüneburger Heide having a very large, very secret facility for the develop-
ment of an atomic bomb is highly consistent with the statements of Otto Hahn and Frederick
Loofbourow’s informant, Dr. Berg.

• Ernst said there was another similar concentration camp where scientists were apparently
forced to work on atomic bomb development at “Maudhausen, near Vienna.” The Mau-
thausen concentration camp system west of Vienna included Gusen, a large underground
complex where nuclear scientists worked on advanced weapons development (see pp. 3390,
3959, 4011↵.).

This report directly links Manfred von Ardenne and the atomic bomb development work, which
strongly suggests that one of von Ardenne’s specialties, electromagnetic isotope enrichment of
uranium-235, was involved in the program. That aligns very well with Dr. Berg’s report that many
hundreds of workers in the Lüneburger Heide were operating factory equipment to produce small
quantities of the special high-density material required by the new type of bomb, very much like
the calutron operators at Oak Ridge. For another report linking Lüneburger Heide with atomic
bomb development, see p. 3737.

See also: Lüneburger Heide: “Wir wissen nicht genau, was drin ist”—C-Wa↵en in der Heide aufge-
taucht. [Lüneburger Heide: “We don’t know exactly what is in there”—chemical weapons appear
in the Heide.] Focus, 28 March 2017. https://www.focus.de/panorama/welt/lueneburger-heide-wir-
wissen-nicht-genau-was-drin-ist-c-wa↵en-in-der-heide-aufgetaucht id 6845571.html]
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Memo to Lt. Col. P. M. Wilson. Atom-Bomb Specialist. 4 April 1946 [TNA FO
1031/112].

1. The following information has just come to hand and we should be glad if it could be passed on
to the appropriate interested agencies.

2. Karl Heinz BOSECK, former Ustuf in the Wa↵en SS, alleges that he is an Atom-Bomb expert.
He is now interned in No. 2 CIC, SANDBOSTEL and his P.O.W. No. is 204526.

[Karl-Heinz Boseck, born in 1915, was a mathematician who studied under Erich Schumann and
became a member of the SS [Nagel 2011; Nagel 2012a, pp. 550, 560; Segal 2003, pp. 321–333].

“Atom-Bomb expert” implies much more than just early research. Boseck apparently worked in the
SS’s nuclear weapons development groups, which remain even more mysterious than other branches
of the German nuclear program. Specifically, he helped run the “Mathematical Institute” at the
Sachsenhausen concentration camp in Oranienburg [Nagel 2012a, p. 550; Segal 2003, pp. 321–333],
an extremely interesting intersection of mathematical calculations, uranium from Auer Gesellschaft
in Oranienburg, and slave labor from the concentration camp (perhaps for uranium enrichment?).
That also supports Josef Ernst’s assertion that the camp at Oranienburg did work related to the
nuclear bomb development work at Lüneburger Heide (pp. 3571–3572).

Can other documents from Allied interrogations of Boseck be located, declassified, and released?
What other information can be found about Boseck?]

Otto Hahn’s autobiography [Otto Hahn 1968, p. 200].

Professor Staudinger schrieb mir, ein O�zier
hätte ihm sein Ehrenwort gegeben, daß in
der Lüneburger Heide kurz vor Kriegsende
drei deutsche Atombomben einsatzbereit gele-
gen hätten.

Professor Staudinger wrote me that an o�cer
had given him his word of honor that three Ger-
man nuclear bombs had been ready for deploy-
ment in the Lüneburg Heath shortly before the
end of the war.

[As Otto Hahn reported in his autobiography, after the war a German military o�cer in a position to
know confirmed that this Lüneburger Heide program did indeed exist and had actually produced
three completed fission bombs by the end of the war. With over two years to produce enough
material, that could be quite possible. It is also possible that this Lüneburger Heide program
produced one or more bombs that were used in the reported late 1944/early 1945 test explosions
(Sections D.10–D.12). For a report that appears to link the Lüneburger Heide facility the Baltic
atomic bomb test, see p. 3737.

Hermann Staudinger was a Nobel-Prize-winning German chemist just as Otto Hahn was, and of
roughly the same age as Hahn. Hahn would have placed great faith in something that Staudinger
told him. Since Hahn thought the statement was worthy of inclusion in his autobiography, and
since he made no attempt to refute the statement (based on his own knowledge of wartime nuclear
work), he seemed to imply that he accepted the statement as credible. Hahn’s autobiography was
only released after his death.]
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Manfred von Ardenne. 1990. Die Erinnerungen. 10th ed. Munich: Herbig. p. 159

Bei Besuchen in Dahlem und Lichterfelde hatte
ich 1941 Professor Otto Hahn die Frage gestellt,
wieviel Gramm des reinen Isotops Uran-235 zur
Entfesselung einer momentan ablaufenden Kern-
kettenreaktion benötigt würden. Er antwortete
mir: “Wenige Kilogramm.” In diesem absolut
vertraulichen Gespräch vertrat ich die Au↵as-
sung, es sei technisch durchaus möglich, mit
Hilfe hochgezüchteter magnetischer Massentren-
ner (die wir damals gedanklich und experimentell
vorbereitet hatten), Uran-235-Mengen von eini-
gen Kilogramm zu erhalten, wenn man dafür
große Elektrokonzerne einsetzen würde.

During visits to Dahlem and Lichterfelde in
1941, I had asked Professor Otto Hahn how
many grams of pure uranium-235 would be
needed to unleash a nuclear chain reaction
in an instant. He answered me: “A few kilo-
grams.” In this absolutely confidential conver-
sation, I expressed the opinion that it was tech-
nically quite possible to obtain uranium-235 in
quantities of a few kilograms with the help of
highly sophisticated magnetic mass separators
(which we had previously designed and exper-
imentally developed), if large electrical corpo-
rations were used for this purpose.

Thomas Powers. 1993. Heisenberg’s War: The Secret History of the German Bomb.
New York: Alfred A. Knopf. p. 513, note 21.

In a letter to Rolf Hochhuth, June 27, 1988, Ardenne cites the conversation with Hahn on December
10, 1941, and quotes the answer of 1 to 2 kilograms. [...] Ardenne confirmed these conversations
with me in an interview in Dresden, May 17, 1989, and showed me the signatures of Hahn and
Heisenberg in his guest book.

Cable IN 5937 from Bern, Switzerland to O�ce of Strategic Services Director. 24
March 1944 [NARA RG 226, Entry A1-134, Box 219, Folder IN AZUSA Nov. ’43
Sept. ’45]

#2576-2581. AZUSA. [...]

The following is a report secured from Flute [Paul Scherrer] by 493: [...]

A super-Nazi, Lorens [Manfred von Ardenne] of Berlin-Lichterfelde-Ost is a financial and scientific
swindler. He boasts of constructing an uranium bomb but he does not have adequate equipment.
Lorens’ associate is Breit [Fritz Houtermans] who was previously a Communist, was apprehended
in Russia, but released in 1939 after which he turned into a fervent Nazi. Breit’s work is in nuclear
physics.

[Paul Scherrer’s depiction of the personalities of Manfred von Ardenne and Fritz Houtermans is
distorted by Scherrer’s scientific jealousy, but Scherrer reported that von Ardenne stated very
clearly during the war that he was producing uranium for a fission bomb.]
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[According to conventional histories, Otto Hahn was not involved with the German nuclear weapons
program. The above sources show that he actually had close ties to the program during the war.
This strengthens the credibility of other information from Hahn (pp. 3573, 3771).

The above also shows that a priority of the program was to produce highly enriched uranium-235,
especially using von Ardenne’s calutron-like electromagnetic isotope separators (Section D.4.2).

The above also demonstrates that the program was focused on producing nuclear devices that
would use “1 to 2 kilograms” or “a few kilograms” of uranium-235 to create a chain reaction “in
an instant.” A reactor would use a much larger quantity of unenriched or low-enriched uranium
to produce a continuous, slow reaction, so the devices they were trying to build must have been
bombs.

For a sphere of pure uranium-235, the critical mass is ⇠46 kg without compression or a surrounding
neutron reflector, but only ⇠0.36–2.9 kg with compression and a neutron reflector (p. 4177). Thus
the information from Hahn and von Ardenne appears to indicate that in 1941 there was an excellent
understanding of these numbers and plans to use a bomb design with spherical implosion.

One electromagnetic isotope separator in von Ardenne’s personal lab could not produce enough
uranium-235 within a reasonable period of time (Section D.15.2), so in 1941 von Ardenne advocated
to have many separators built by “large electrical corporations” and then operated in parallel at
some other location.

Thus the information above is in excellent agreement with the reports of p. 3566: “vast underground
factories” (at a location known to Otto Hahn, p. 3573) with “hundreds of workers” going into
operation in 1942, using machines to produce a special “high-density material” such that “with one
kilogram, everything should be literally razed away, or disintegrated to dust and ashes, within a
radius of approximately four kilometers” when used in uniquely designed “aerial bombs” in which
“the container of the explosive is spherical.”]
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V-3? Time, 27 November 1944, p. 88.

The terrible novelty of V-2 had by no means worn o↵ yet, but London last week was already abuzz
with speculation about V-3—supposedly an atomic bomb. [...]

The speculative London report suggested that the Nazis are using the same pressure principle
to crush atoms. The crusher: A “Neuman” demolition charge, which explodes inward instead of
outward. Used in a sphere, the Neuman charge might develop pressures of tens of thousands of tons
per square inch at the center, perhaps enough to disintegrate an unstable atom such as uranium
and release its explosive atomic energy.

[Egon Neumann developed sophisticated shaped charge explosives in 1910 [George Brown 1998, p.
166; Walters and Zukas 1989, pp. 12–13]. His name was presumably attached here to describe the
general principle, not to imply that he was directly involved in the reported wartime atomic bomb
development.

This article appears to describe the Schumann-Trinks implosion bombs or very similar work, and
it supports the view that the work described in the postwar writings of Schumann and Trinks was
indeed carried out during the war.]

Leslie R. Groves. 1962. Now It Can Be Told: The Story of the Manhattan Project. pp.
147–148.

Another incident that concerned us greatly was the appearance in a national magazine of an article
hinting at the theory of implosion. While it did not violate any rules, it was most disturbing. A
thorough investigation indicated that it resulted from the work of an alert and inquisitive reporter
in another country.

[Clippings in a file at the Franklin Delano Roosevelt Library in Hyde Park, New York [Small
Collections, Box 1, Folder 3, ATOMIC BOMB FILE] specifically link this comment from Leslie
Groves to the 27 November 1944 article in Time. As Groves wrote, it would be quite concerning
that any discussion of the implosion bomb design appeared in public at that time. What probably
concerned him even more, although he did not mention that in his book, is that the Time article said
the implosion bomb design details came from the German nuclear program, not the U.S. nuclear
program. This evidence strongly supports the conclusion that Germany indeed had an advanced
program developing nuclear weapons, and moreover that Leslie Groves knew the German nuclear
program was much more advanced than he ever admitted in public.]

General Ivan Ilyichev. 1944. Intelligence report to General Antonov and Joseph Stalin
(15 November 1944) Archive of the President of the Russian Federation, 93-81 (45)
37. [For this very important document on the design and testing of the German fission
implosion bomb, see p. 3785.]

General Ivan Ilyichev. 1945. Intelligence report to General Antonov and Joseph Stalin
(23 March 1945) Archive of the President of the Russian Federation, 93-81 (45) 37.
[For this very important and extremely detailed document on the design and testing
of the German fission implosion bomb, see p. 3789.]
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Ordnance Technical Intelligence press release. August 1945. [NARA RG 498, Microfilm
MP63-9 0137, Frames 623–624]

Ordnance OTI
For Immediate Release

For over two years, “detectives” of the Army Ordnance Department kept close tabs on German
progress in the development of atomic weapons, it was revealed today by Lt. Col. John A. Keck,
Chief Enemy Technical Intelligence Branch, Technical Division, Ordnance Service, TSFET.

“This shadowing of German science began in 1942,” said Col. Keck, “when several Ordnance
O�cers, including myself, commenced work with British Intelligence in the United Kingdom. During
the period before D-Day, allied agents on the continent were able to obtain from German proving
grounds and research laboratories, information which gave definite evidence of steady progress in
the atomic field. For some time, the race between German and American science was a close one,
and had the Nazis been able to reach their goal, the outcome of the European war might have been
entirely di↵erent.”

Atoms had top priority on Col. Keck’s list when he arrived in France with the 1st Army on D-Day.
Information at his disposal gave several leads to the location of experimental stations in this line,
but in the process of following them up, he hit several discouraging blind alleys. The first road took
him to Cherbourg, where the absence of atomic proving grounds was somewhat compensated by the
discovery of V-Bomb launching sites. Throughout the Normandy and Northern France campaigns,
his searches gave little in the way of results. However, when the breakthrough in Germany got
underway, the evidence began to pile up, culminating in the discovery of the great Nazi proving
ground at Hillersleben. Here, it was learned that the Germans had gone far in the development of
atomic bombs.

“However,” said Col. Keck, “they weren’t able to go far enough for several reasons, particularly
the fact that they didn’t have the facilities with which to conduct their experiments, and that
our saturation bombing raids would throw their program far behind schedule. Nevertheless their
progress was considerable and indicated that they were coming very close to the solution of the
problem.”

We were fully aware of their plans in this field, for sometimes whatever information we got from
our agents went to the proper authorities in the States. This information was undoubtedly put at
the disposal of our own scientists. However, it’s interesting to note that our knowledge of enemy
experiments in the atomic field far exceeded our knowledge of the closely-guarded experiments in
the United States.

[The U.S. Army Ordnance Technical Intelligence o�ce publicly stated that evidence proved “the
Germans had gone far in the development of atomic bombs.” What information were “allied agents
on the continent... able to obtain from German proving grounds and research laboratories” during
the war? What nuclear-related work was discovered at Hillersleben at the end of the war? Can the
relevant U.S. reports be found at NARA or elsewhere?

Keck and the Ordnance Technical Intelligence o�ce described an extended program to monitor
German nuclear progress and gave accurate information about Hillersleben, Erich Schumann, and
other aspects of German research in this and other press releases. As shown on the next page, other
U.S. government o�cials later forced them to deny all of that.]
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Ordnance Technical Intelligence press release. August 1945. [NARA RG 498, Microfilm
MP63-9 0137, Frames 625–626]

Ordnance OTI
For Immediate Release

“If the power of the Army’s new atomic bomb is equal to that of 20,000 tons of TNT, its area of
destruction would be a circle approximately one mile in diameter,” said Colonel Leslie E. Simon,
Director of the U.S. Army Ordnance Ballistics Research Center, Aberdeen Proving Ground, Md.
Colonel Simon, who was interviewed shortly after release of information on the Army’s latest secret
weapon, has been in this theater on a special mission which included a 10,000 mile tour of German
Ordnance installations and proving grounds. [...]

When asked of the extent to which the Germans had gone in the development of atom bombs,
Colonel Simon said that several groups of German scientists had made some progress, but that
they had not equalled our developments. He added, however, that they were definitely on the right
track and it was a matter of time before they would be able to work something out.

One of the chief experts in this field, he said, was a Dr. Schumann, who was in charge of the research
group of the Wa↵enamt (ordnance) in Berlin. With several other brilliant scientists, Dr. Schumann
did much outstanding work, but, according to Colonel Simon, the Germans lagged behind us.

Colonel Simon said he did not believe that any German scientists had gone to Japan to continue
their work, chiefly because they would be obliged to leave their laboratory facilities.

[Colonel Leslie Simon conducted extensive on-site visits and wrote detailed reports on German
research facilities [Simon 1947a, 1947b, 1971]. He and the U.S. Army Ordnance Technical Intelli-
gence o�ce publicly stated that Erich Schumann (German, 1898–1985) was a “brilliant scientist”
who “did much outstanding work,” and that “the Germans had gone far in the development of
atomic bombs.” That view appears to be strongly supported by documentation about Schumann’s
wartime work (p. 3606). However, the Alsos Mission publicly declared that Schumann was only
a “second-rate physicist” whose “main interest was the physics of piano strings” (p. 3060), and
threatened the Ordnance Technical Intelligence o�ce “against making further statements on this
subject” (see below). This same microfilm MP63-9 0137 contains additional background informa-
tion on the Hillersleben testing ground and U.S. colonels Keck and Simon—see for example frames
621–622, 638–646.]

Monthly Intelligence Summary. July–August 1945. [NARA RG 77, Entry UD-22A,
Box 168, Folder 202.3-1 LONDON OFFICE: Combined Intell Rpts.]

IX CENSORSHIP. [...]

e. The first wave of publicity after the use of the atom bomb brought forth a story from Lt. Col. John
A. KECK, Chief of the Enemy Technical Intelligence Branch Ordnance Services, ETO, in which
KECK purports to have conducted intelligence operations to determine the scope of enemy work
on an atomic bomb. Col. KECK was interviewed by a representative of this o�ce and admitted
that he had not performed such a mission but denied having given the story to the Press. KECK
stated that the story was released by the Public Relations Section of the Ordnance Services. Both
KECK and the PRO were warned against making further statements on this subject.
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J. C. Clark. 18 September 1945. Development and Use of Röntgenblitz Technique by
the German Scientists during Period 1938–45. Alsos Intelligence Report KO-29365
[AFHRA Folder 170.2279E 18 SEP 1945; AFHRA B1763 frames 0252–0259].

This report is based upon the interrogation of German scientists and scientific reports recovered
during the period within a few months after the cessation of hostilities in the E.T.O. Unfortunately
the men who apparently did most of the research and development work on the Röntgenblitz
equipment, namely Dr. Steenbeck and possibly Dr. Mühlenpfordt working under Dr. Gustav Hertz
at Siemens, Berlin, had already gone to Moscow to continue their work, and were not available
in Germany for interrogation. However, Dr. Thomer, now working with Prof. H. Schardin at the
French Laboratory at Leichtmetall Werke, St. Louis, Alsace, was available for questioning and was
well acquainted with the equipment. [...]

Dr. Thomer got his degree at Leipzig in 1936 and worked at Siemens with Dr. Hertz from 1936 until
1938 when he left to go with Prof. Schardin at the Physikalisches Institut der Luftkriegs-Akademie,
Berlin-Gatow. Here he used the Röntgenblitz technique for ballistic studies. [...]

By 1941 the Forschungslaboratory acquired high vacuum metal Röntgenblitz tubes from the re-
search laboratory #2 of Siemenswerke for use in multiple flash x-ray studies. This tube and the
auxillary circuit is the type which was used for the remainder of the work carried on by Prof.
Schardin’s workers as well as Dr. Rudi Schall, working under Dr. Erich Schumann at the WaF
(research) Division of the Wa↵enamt, in Berlin. [...]

The uses to which the Germans put the Röntgenblitz equipment were learned by examining cap-
tured documents and by interrogation. These applications cover (a) target cavitation produced by
projectiles passing through wooden blocks and water targets, (b) the smashing of a lead bullet
upon impact with various targets, (c) cavity charge phenomena studies, (d) detonation phenomena
studies and (e) an interesting study of the arming of a nose fuze a short distance in front of the
muzzle of the gun. With the exception of the studies on detonation of an explosive charge done by
Dr. Rudi Schall, all work with the Röntgenblitz equipment was done by Schardin’s group, working
principally with Dr. Thomer. Only a few German documents covering the above work were avail-
able for examination by the author during the investigation of this subject, but it is believed that
a complete series of the reports of both Prof. H. Schardin’s and Dr. Erich Schumann’s groups have
been recovered and forwarded through the proper military channels for filing and examination (see
Col. L. E. Simon’s U.S. Ord. Dept. report).

It was, however, definitively ascertained that the experimental techniques utilized to obtain flash
radiographs of cavity charges and high explosive specimens were sensibly the same as those familiar
to U.S. research workers. The German scientific groups recognized the value of this technique
because it was learned that at least eight more Röntgenblitz units were under construction at the
Siemenswerke, Berlin.

[Erich Schumann and Hubert Schardin led groups that conducted detailed research, development,
and testing programs for implosion bombs. According to this document, the United States acquired
“a complete series of the reports of both Prof. H. Schardin’s and Dr. Erich Schumann’s groups”
and followed up with interrogations of personnel from those groups for several months after the
war. Can all of that information be located and declassified now?]
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Figure D.246: Historisch-Technisches Museum Versuchsstelle Kummersdorf: Apparent testing area
for implosion designs; note numerous ports for mounting diagnostic equipment.
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Erwin Respondek, 6 November 1945 [NARA RG 226, Entry A1-210, Box 447, Folder
WN 16162–16171]

Übersicht des Standes der wissenschaftlichen
Arbeiten in Deutschland zur Atom-Bombe (bis
Mai 1945)

[...] Prof. Schumann äusserte etwa 1944,
dass das Problem der Uran-Bombe gelöst
sei. Die Bombe solle an einem Fallschirm
abgeworfen werden. Die Zündvorrichtung sei
in technisch einfacher Form gelöst worden.
Hierzu diene eine Neutronenquelle. Prof.
Schumann sagte aber zugleich, dass es bisher
nicht gelungen sei, das Uran zum explosiven
Spontanzerfall zu bringen. [...]

Overview of the State of Scientific Work in
Germany on the Atomic Bomb (until May
1945).

[...] Prof. Schumann stated around 1944
that the problem of the uranium bomb had
been solved. The bomb should be dropped on
a parachute. The ignition device was solved in
a technically simple form. For this purpose,
a neutron source is used. At the same time,
however, Prof. Schumann said that so far it had
not been possible to bring about the explosive
spontaneous disintegration of uranium. [...]

[Erwin Respondek (1894–1971) was a German economist who secretly passed information to the
United States throughout the 1940s [Dippel 1992]. Despite the juicy title of Respondek’s report,
he appears to have been most familiar with the well-known basic nuclear research of the Kaiser
Wilhelm Institute, to which he devoted most of the report.

However, he did include one intriguing paragraph about the development of an actual German
atomic bomb. According to Respondek, the bomb:

• Involved Erich Schumann in its design, which strongly suggests that the bomb design employed
shaped charges and implosion, Schumann’s area of technical expertise.

• Used uranium as the fission fuel.

• Used a parachute. (This agrees with other accounts—see for example p. 3757.)

• Was intended to be dropped by an aircraft, at least up until 1944 (based on the parachute).

• Used a neutron source to initiate fission reactions at the right time. (That would be during
implosion, and is consistent with the other accounts of the bomb design—see for example p.
3789.)

• Had been completed but not yet successfully tested, as of sometime in 1944. (That is consistent
with the first successful test(s) being in late 1944/early 1945—see Sections D.10–D.12.)

• Was separate from and much more secret than the Kaiser Wilhelm Institute program (based
on how much less Respondek knew about it).

There is also some evidence that information from Respondek led to the December 1943 Allied
bombing of an important site associated with the German nuclear program [Dippel 1992, pp. 111-
113]. Can more information on that incident be located in archives? Where was the site? What sort
of work was actually being conducted at the site? What intelligence led to the bombing?]
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Erich Schumann. 2 October 1940. Unclassified draft article on explosives research for
popular publication [Bundesarchiv Militärarchiv Freiburg N822/17].

[Erich Schumann (German, 1898–1985) was a high-ranking physicist in the wartime German Army
Ordnance O�ce. He was an expert on conventional explosives and on using shaped explosive charges
in a wide variety of geometries for di↵erent purposes. At the end of the war, almost all of his wartime
papers were destroyed by the Germans or captured and classified by the Allies. However, there is
strong evidence from multiple postwar sources that Schumann designed and demonstrated large,
highly sophisticated, spherical implosion bombs during the war. If furnished with fission fuel in the
center, such spherical implosion designs would have been quite suitable for nuclear weapons.

One of the few surviving and relevant wartime documents is this 2 October 1940 draft article on
explosives research that Schumann was preparing for publication. Because the article was intended
for unclassified publication, it omitted or downplayed many important aspects. Yet it did make
clear that no later than September 1940, Schumann and his coworkers:

• Knew that nuclear explosives could potentially be a million times more powerful than chemical
explosives (explosive energies up to megatons of TNT equivalent).

• Wanted to use the shock waves produced by chemical explosives to produce the highest
possible pressures and temperatures (which immediately suggests a spherical implosion, from
basic physical principles).

• Were keenly interested in using (implosive) shock waves from chemical explosives to trigger
nuclear reactions.

• Were trying to make the production of suitable shock waves highly precise and “mathemati-
cally controlled.”

• Could not discuss the details in an unclassified article “because of the significance of special
arrangements in terms of weapons technology.”

See pp. 3587–3589 for photographs of some pages from this document.]
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[...] Der Zustand der Detonation ist dadurch
gekennzeichnet, dass die Aktivierungsen-
ergie dem Sprengsto↵ durch eine Stosswelle
zugeführt wird, wobei die beim Zerfall des
Sto↵es freiwerdende Energie das Fortschreiten
der Stosswelle unterstützt. Es ist leicht einzuse-
hen, dass bei der gegenseitigen Kopplung von
Wellenausbreitung und Sprengsto↵zerfall sich
in einem genügend ausgedehnten Sprengkörper
ein stationärer Zustand herausbildet, der
für die gesamten detonativen Erscheinungen
charakteristisch ist.

Die Fortpflanzungsgeschwindigkeit
dieser stationären Zersetzung heisst
Detonationsgeschwindigkeit. Da diese
verhältnismässig einfach messbar ist, liegt
für sie ein umfangreiches Messmaterial vor, das
zum wertvollsten Besitz der experimentellen
Sprengsto↵physik gehört, stellt doch die Det-
onationsgeschwindigkeit die einzige wirklich
physikalische Messgrösse dar, mit der heute ein
Sprengsto↵ charakterisiert werden kann.

[...] The state of detonation is characterized by
the fact that the activation energy is supplied
to the explosive by a shock wave, whereby
the energy released during the decay of the
substance supports the progression of the shock
wave. It is easy to see that in a su�ciently large
explosive device, when the wave propagation
and explosive decay are coupled together, a
steady state is formed which is characteristic
of all detonative phenomena.

The propagation velocity of this stationary
decomposition is called the detonation velocity.
Since it is relatively easy to measure, there is
extensive measured information available for it,
which is one of the most valuable possessions
of experimental explosives physics, since the
detonation velocity is the only really physical
major measurement which can be used today
to characterize an explosive.
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Die geschilderten energetischen Verhältnisse
im molekularen Verband der Sprengsto↵e
sind grundsätzlich die gleichen, wie wir sie
vom korpuskularen Verband des Atomk-
erns kennen. Obgleich beim Kernzerfall eine
sehr grosse Energie frei wird, besitzt der
Atomkern doch eine grosse Stabilität, weil
zur Einleitung des Zerfalls eine erhebliche
Aktivierungsarbeit geleistet werden muss.
Die heute möglichen Kernzertrümmerungen
entsprechen bei diesem Vergleich, der sich nur
auf die qualitativen energetischen Verhältnisse
erstreckt, vollständig dem stillen Zerfall von
Sprengsto↵molekülen. Da die Kernenergien den
chemischen Bindungsenergien, aus denen die
Sprengsto↵e ihre Leistungsfähigkeit schöpfen,
um mindestens 6 Grössenordnungen überlegen
sind, würde durch die Kernreaktionen die
Möglichkeit von Sprengsto↵en unvorstellbar
grosser Brisanz gegeben sein, wenn es gelingen
würde, die Kernreaktion detonativ, d.h. durch
Stosswellen, auszulösen. Ganz abgesehen von
der geschichtlich einschneidenden Bedeutung
einer solchen Möglichkeit, einen Sto↵ von
wirklich gigantischer Zerstörungskraft in men-
schliche Hände zu geben, würden wir damit die
Materie unter thermodynamischen Bedingun-
gen vorzuliegen haben, wie sie sonst nur an ganz
wenigen Stellen des Universums vorkommen.
Fraglos wäre der kernreaktionäre Sprengsto↵
physikalische Realität, wenn es gelänge, eine
Stosswelle genügender Intensität zu erzeugen,
die einen Kernzerfall einleiten könnte. Da
jedoch selbst bei den schwereren, am wenigsten
stabilen Atomen die Aktivierungsenergie noch
nach Millionenvolt gemessen wird, besitzen wir
keine Möglichkeit, eine solch intensiv Stosswelle
zu erzeugen. Es fehlt bei den Kernreaktionen
eben die Abstufung der Aktivierungsarbeiten,
wie sie bei den Sprengsto↵en von den Initial-
bis zu den Sicherheitssprengsto↵en gegeben
ist; durch diese ist es möglich, durch fast
beliebig kleine Impulse über die Initialsto↵e
äusserst stabile chemische Verbindungen zum
detonativen Zerfall zu bringen. [...]

The described energetic conditions in the
molecular bond of explosives are basically the
same as we know them from the nuclear
bond of the atomic nucleus. Although a very
large amount of energy is released during
nuclear disintegration, the atomic nucleus has
great stability, because a considerable amount
of activation work must be done to initiate dis-
integration. In this comparison, which only cov-
ers the qualitative energetic conditions, the nu-
clear disintegration possible today corresponds
completely to the simple disintegration of ex-
plosive molecules. Since nuclear energies are at
least 6 orders of magnitude greater than the
chemical binding energies from which explosives
derive their power, nuclear reactions would be
unimaginably explosive if it were possible to
trigger the nuclear reaction via detonations, i.e.
by shock waves. Quite apart from the histori-
cally far-reaching significance of such a possi-
bility of putting a substance of truly gigantic
destructive power into human hands, we would
then be able to produce matter under thermo-
dynamic conditions that otherwise occur only
in very few places in the universe. There is no
doubt that the nuclear-reactive explosive would
be a physical reality if it were possible to gener-
ate a shock wave of su�cient intensity to initiate
nuclear disintegration. However, since the acti-
vation energy of even the heaviest, least stable
atoms is still measured in millions of volts, we
have no way of generating such an intense shock
wave. The nuclear reactions lack the gradation
of activation energy that is present in explo-
sives, from early explosives to safety explosives;
this makes it possible to cause extremely sta-
ble chemical compounds to undergo detonative
decay by means of almost arbitrarily small im-
pulses via the initial substances. [...]
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Für die Sprengwirkung sind nun nicht allein
die thermodynamischen Zustandsgrössen an
der Unstetigkeitsstelle, die die Detonations-
front kennzeichnet, massgebend, sondern in
entscheidendem Masse ihr weiterer räumlicher
Verlauf. Für die Berechnung von räumlichen
Feldern der in den Schwaden herrschenden Zu-
standsgrössen liegen jedoch keine genügenden
theoretischen Grundlagen vor. Glücklicherweise
liefert nun die Röntgenblitztechnik auf ex-
perimentellem Wege den Feldverlauf einer
der wichtigsten Zustandsgrössen, nämlich
der Gasdichte der Schwaden. Dadurch, dass
der Dichtesprung an der Detonationsfront
durch die Röntgenblitzmethode der Mes-
sung zugänglich ist, erhält man nicht nur
einen Einblick in der Zerfallsprozess, sondern
durch den weiteren räumlichen Dichteverlauf
auch in die für die Wirkung entscheiden-
den Schwadenströmungserscheinungen. Das
Arbeitsvermögen der Schwaden ist nämlich
nicht allein durch den Drucksprung in der
Detonationsfront bestimmt, sondern wesentlich
durch den zeitlichen Druckverlauf an der
Sprengsto↵oberfläche. Dieser ist jedoch durch
die Strömungsvorgänge der Schwaden gegeben,
die sich auf Grund von Röntgenblitzaufnahmen
verfolgen lassen. Fraglos werden sich die
thermodynamischen Kenntnisse, die zu einer
Berechnung der Strömungsvorgänge bei
den in den Schwaden vorliegenden Drucken
von über 100 000 atm und Gasdichten
in der Grössenordnung derjenigen fester
Körper bisher fehlten, aus den nach der
Röntgenblitzmethode gewonnenen experi-
mentellen Ergebnissen gewinnen lassen. Damit
dürfte die Einführung der Röntgenblitzmethode
in die Sprengsto↵physik, die ebenfalls meinem
Institute entstammt1), über den engeren
Rahmen der Sprengsto↵forschung hinaus für
die gesamte Physik der Materie bei extremen
Bedingungen von fruchttragender Bedeutung
sein.

1) Eine sprengsto↵physikalische
Röntgenblitzarbeit wird erstmalig in dem
vorliegenden Heft verö↵entlicht (Arbeit Schall)

For the blast e↵ect, not only the thermo-
dynamic state variables at the discontinuity
point, which characterizes the detonation front,
are decisive, but also to a decisive extent
its further spatial course. However, there is
no su�cient theoretical basis for the calcu-
lation of spatial fields of the state variables
prevailing in the windrows. Fortunately, the
X-ray flash technique now provides the field
progression of one of the most important
state variables, namely the gas density of
the plume, by experimental means. Since
the density jump at the detonation front
is accessible by the X-ray flash method of
measurement, one does not only get an
insight in the disintegration process, but also,
through the further spatial density course, into
the vapor flow phenomena which are decisive
for the e↵ect. The working capacity of the
vapors is not only determined by the pressure
jump in the detonation front, but essentially by
the pressure curve over time at the surface of
the explosive. However, this is given by the flow
processes of the vapors, which can be followed
on the basis of X-ray flash photographs. There
is no doubt that the experimental results
obtained using the X-ray flash method will
provide the thermodynamic knowledge needed
to calculate the flow processes at pressures of
over 100,000 atm and gas densities of the order
of magnitude of those of solid bodies in the
vapors. Thus, the introduction of the X-ray
flash method into explosives physics, which
also originates from my institute1), should be
of fruitful importance beyond the narrower
framework of explosives research for the entire
physics of matter under extreme conditions.

1) An X-ray flash study on the physics of
explosives is published for the first time in this
issue (work of Schall)
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[...] Die soeben bei der Erläuterung des
Brisanzbegri↵es geäusserten Gedanken deuten
bereits eine Theorie der gesamten Sprengstof-
fwirkung an. Eine solche allgemeine Theorie
hat jedoch nicht nur die Vorgänge an der
Sprengsto↵oberfläche selbst, sondern auch
Einwirkungen auf weiter entfernt liegende
Punkte zu erfassen. Als Ursache solcher mittel-
barer Sprengsto↵wirkungen kommen neben der
direkten Schwadeneinwirkung die Stosswelle im
an den Sprengsto↵ angrenzenden Medium oder
an der Sprengsto↵oberfläche beschleunigte und
dann ballistisch wirkende Materialteile in Be-
tracht. Die bei den je nach der beabsichtigten
Wirkung verschiedenen Anordnungen der
Sprengobjekte auftretenden Fragen hier näher
zu erörtern, verbietet sich bei der wa↵entech-
nischen Bedeutung spezieller Anordnungen von
selbst. Auch bei mittelbaren Wirkungen wer-
den die Vorgänge an der Sprengsto↵oberfläche
als in jedem Falle entscheidende Kraftquelle
Ausgangspunkt weiterer Untersuchungen sein
müssen.

Das Ergebnis der vorstehenden Überlegungen
kann dahin zusammengefasst werden, dass
Wege aufgezeigt und Untersuchungsmethoden
angegeben werden, die detonativen Erschein-
ungen in den allgemeinen Rahmen der Physik
einzuordnen. Eine solche Behandlung von
Sprengsto↵fragen nach rein physikalischen
Gesichtspunkten hat die Scha↵ung physikalis-
cher Messmethoden für die die Wirkung
und Handhabung bestimmenden Grössen
zur notwendigen primären Folge. Die weitere
Verfolgung dieser Methoden muss zu einer all-
gemeinen Theorie der Sprengwirkungen führen,
die Ablauf und Auswirkung jeder Sprenganord-
nung rechnerisch zu beherrschen erlaubt und
damit der Sprengtechnik wertvollste Unterla-
gen scha↵t. Rückwirkend auf die allgemeine
Physik werden die sprengsto↵physikalischen
Ergebnisse wieder dieser neue Erkenntnisse
bringen, liegt doch im Detonationsvorgang
die Materie unter Bedingungen vor, wie sie
bei anderen physikalischen Erscheinungen
experimentell nicht zu verwirklichen sind.

[...] The thoughts just expressed in the expla-
nation of the explosive concept already suggest
a theory of the entire e↵ect of explosives. How-
ever, such a general theory must not only cover
the processes on the surface of the explosive
itself, but also e↵ects at points further away.
In addition to the direct e↵ect of vapor, the
cause of such indirect explosive e↵ects can be
the shock wave in the medium adjacent to the
explosive or on the explosive surface, which
accelerates and then causes ballistically acting
matter components. The questions arising from
the di↵erent arrangements of the explosives
depending on the intended e↵ect cannot be dis-
cussed here in detail because of the significance
of special arrangements in terms of weapons
technology. Even in the case of indirect e↵ects,
the processes on the surface of the explosives,
as the decisive source of power in any case,
will have to be the starting point for further
investigations.

The result of the above considerations can
be summarized as showing ways and indicating
investigation methods to classify the detonative
phenomena within the general framework of
physics. Such a treatment of explosives issues
from a purely physical point of view has the
necessary primary consequence of creating
physical measuring methods for the variables
determining the e↵ect and handling. The
further pursuit of these methods must lead
to a general theory of blasting e↵ects which
allows the sequence and e↵ects of each blasting
arrangement to be controlled mathematically
and thus provides the blasting technique with
valuable documentation. Retrospectively on
the general physics, the results of blasting
physics will again bring new insights, since
in the detonation process, matter is present
under conditions that cannot be experimentally
realized in other physical phenomena.
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Figure D.247: Pages from Erich Schumann’s 2 October 1940 unclassified draft article on explosives
research, intended for popular publication but never published, mentioning an ongoing German
military program on nuclear bombs using implosion [Bundesarchiv Militärarchiv Freiburg N822/17].
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Figure D.248: Pages from Erich Schumann’s 2 October 1940 unclassified draft article on explosives
research, intended for popular publication but never published, mentioning an ongoing German
military program on nuclear bombs using implosion [Bundesarchiv Militärarchiv Freiburg N822/17].
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Figure D.249: Pages from Erich Schumann’s 2 October 1940 unclassified draft article on explosives
research, intended for popular publication but never published, mentioning an ongoing German
military program on nuclear bombs using implosion [Bundesarchiv Militärarchiv Freiburg N822/17].
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Erich Schumann, Kurt Diebner, et al. February 1942 [1941 data]. Energiegewinnung
aus Uran: Ergebnisse der vom Heereswa↵enamt veranlassten Forschungsarbeiten zur
Nutzbarmachung von Atomkernenergien. Archiv der Max-Planck-Gesellschaft, I. Ab-
teilung, Rep. 34, Nr. 105.

Aus U238 bildet sich nämlich durch die Ab-
sorption von Neutronen ein Sto↵ (“Element
94”), der noch leichter spaltbar sein muss
als U235. Da dieser Sto↵ chemisch von Uran
verschieden ist, muss man ihn aus dem Uran
einer stillgelegten Maschine leicht abtrennen
können. Doch kennen wir heute weder die
Menge, in der er entsteht, noch seine Eigen-
schaften genau genug für eine ganz sichere
Voraussage.

Da sich in jeder Substanz einige freie Neu-
tronen befinden, würde es zur Entzündung
des Sprengsto↵s genügen, eine hinreichende
Menge (vermutlich etwa 10–100 kg) räumlich
zu vereinigen.

From U238 a substance (“element 94”) is formed
by the absorption of neutrons, which must
be even easier to fission than U235. Since this
substance is chemically di↵erent from uranium,
it must be possible to separate it easily from
the uranium of a previously operating machine
[used reactor fuel]. But today we know neither
the amount in which it is produced nor its
properties precisely enough for a completely
safe prediction.

Since there are some free neutrons in each
substance, it would be enough to spatially
combine a su�cient amount (probably about
10–100 kg) to ignite the explosive.

[See pp. 3591–3593.

Erich Schumann and his colleagues at the Heereswa↵enamt (including Kurt Diebner) created this
secret compendium and presented it to the German government in February 1942. Thus the major
results in it are from 1941 or earlier.

This document demonstrates that as of 1941, German scientists:

• Were actively working to develop a fission bomb.

• Knew that plutonium (element 94) could be bred from uranium-238 in a fission reactor, could
be chemically separated from the remaining uranium afterward, and would be highly suitable
for use in a fission bomb.

• Knew that 10–100 kg of su�ciently pure fission fuel should be enough for a fission bomb. This
is a very early and excellent conservative estimate of the required mass (compare the values
in the table on p. 4177 for the case of no compression, no reflector, and no fusion boosting). It
clearly disproves postwar historical myths claiming that Germans did not know the required
mass or mistakenly believed it to be several tons.

• Knew that a bomb would need to “spatially combine” that fission fuel on a su�ciently rapid
timescale before the explosion. That seems to be a clear connection to the work on implosion
designs that Erich Schumann and his colleagues had already been actively pursuing for quite
some time.]
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Figure D.250: Pages from Erich Schumann’s February 1942 compendium, Energiegewinnung aus
Uran: Ergebnisse der vom Heereswa↵enamt veranlassten Forschungsarbeiten zur Nutzbarmachung
von Atomkernenergien, informing the German government that an atomic bomb can be made with
10–100 kg of fissile material [Archiv der Max-Planck-Gesellschaft, I. Abteilung, Rep. 34, Nr. 105].
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Figure D.251: Pages from Erich Schumann’s February 1942 compendium, Energiegewinnung aus
Uran: Ergebnisse der vom Heereswa↵enamt veranlassten Forschungsarbeiten zur Nutzbarmachung
von Atomkernenergien, informing the German government that an atomic bomb can be made with
10–100 kg of fissile material [Archiv der Max-Planck-Gesellschaft, I. Abteilung, Rep. 34, Nr. 105].
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Figure D.252: Pages from Erich Schumann’s February 1942 compendium, Energiegewinnung aus
Uran: Ergebnisse der vom Heereswa↵enamt veranlassten Forschungsarbeiten zur Nutzbarmachung
von Atomkernenergien, informing the German government that an atomic bomb can be made with
10–100 kg of fissile material [Archiv der Max-Planck-Gesellschaft, I. Abteilung, Rep. 34, Nr. 105].
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Erich Schumann and Gerd Hinrichs. March 1943. HEC 2590. On the Increase of the
E↵ect of Hollow Explosive Slabs Caused by Control of Ignition (Lenses). English
translation. U.K. Imperial War Museum, Duxford Archive. For photos of some pages,
see pp. 3595–3600.

By suitable control of the detonation waves in the explosive by means of a lens an increase of
e�ciency of more than 25% has been achieved with (H 15) explosive slabs for engineers. The
application to short projectiles and mines is full of possibilities.

Extensive experiments on explosions have shown in the course of the last year that the e↵ect of the
hollow explosive slab can be substantially increased, especially in the case of a hemispherical
hollow space, by suitable control of the detonation wave. This shaping of the detonation wave, also
called ignition control, makes it possible to influence within certain limits the shaping of the covering
material. the most successful means of assisting this is the “lens”.

Erich Schumann. 1943. HEC 5919. The Scientific Basis of the Hollow Charge E↵ect.
English translation. U.K. Imperial War Museum, Duxford Archive. For photos of some
pages, see pp. 3601–3602.

In the g. Kdos. 229/41 Wa F (most secret document) such ignition guides, made of explosives of
suitable detonation velocity and interlaid as lens shaped bodies between the ignition point and the
hollow space were suggested by myself. [...]

I predicted the possibility of such an e↵ect at the conference of the Academy of Aeronautical
Research on 25.10.40[....]
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Figure D.253: Excerpts from a March 1943 report by Erich Schumann and Gerd Hinrichs show-
ing the design and successful experimental demonstration of explosive lenses [HEC 2590, English
translation, U.K. Imperial War Museum, Duxford Archive].
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Figure D.254: Excerpts from a March 1943 report by Erich Schumann and Gerd Hinrichs show-
ing the design and successful experimental demonstration of explosive lenses [HEC 2590, English
translation, U.K. Imperial War Museum, Duxford Archive].
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Figure D.255: Excerpts from a March 1943 report by Erich Schumann and Gerd Hinrichs show-
ing the design and successful experimental demonstration of explosive lenses [HEC 2590, English
translation, U.K. Imperial War Museum, Duxford Archive].
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Figure D.256: Excerpts from a March 1943 report by Erich Schumann and Gerd Hinrichs show-
ing the design and successful experimental demonstration of explosive lenses [HEC 2590, English
translation, U.K. Imperial War Museum, Duxford Archive].
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Figure D.257: Excerpts from a March 1943 report by Erich Schumann and Gerd Hinrichs show-
ing the design and successful experimental demonstration of explosive lenses [HEC 2590, English
translation, U.K. Imperial War Museum, Duxford Archive].
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Figure D.258: Excerpts from a March 1943 report by Erich Schumann and Gerd Hinrichs show-
ing the design and successful experimental demonstration of explosive lenses [HEC 2590, English
translation, U.K. Imperial War Museum, Duxford Archive].



D.8. FISSION BOMB DESIGN 3601

Figure D.259: Excerpts from a 1943 report by Erich Schumann, citing his other reports on explosive
lenses going back to 1940 [HEC 5919, English translation, U.K. Imperial War Museum, Duxford
Archive].
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Figure D.260: Excerpts from a 1943 report by Erich Schumann, citing his other reports on explosive
lenses going back to 1940 [HEC 5919, English translation, U.K. Imperial War Museum, Duxford
Archive].
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Erich Schumann. 1949. Die Wahrheit über die deutschen Arbeiten und Vorschläge
zum Atomenergie-Problem (1939–45). Unpublished manuscript from Schumann estate
[courtesy of Rainer Karlsch].

[This manuscript is an unfinished, unpublished attempt by Schumann to describe the parts of
the German nuclear program with which he was involved. In its current form, the manuscript is
missing many pages, and those that do exist are often simply abbreviated notes for what Schumann
intended to write.]

[S. 38] Wenn über die in Deutschland gegen
Kriegsende geplanten und vorbereiteten Ver-
suche bisher nichts berichtet worden ist, so
hat das seinen Grund darin, das nur wenige
Wissenschaftler darüber unterrichtet waren
und die Akten im April 1945 vernichtet werden
mußten.

[S. 39] Diese Vorschläge, die ich im Herbst 1944
dem Chef des Heereswa↵enamts, General d.
Art. Leeb, vorlegte, basieren auf gemeinsam
mit Trinks angestellten Überlegungen im
Anschluss an unsere Arbeiten2) auf dem Gebiet
der Sprengsto↵physik.

2) niedergelegt in den Berichten des Reichs-
forschungsrats (Sprengsto↵physikberichte,
herausgegeben vom Bevollmächtigten für
Sprengsto↵physik), ferner in den Berichten der
Forschungsabteilung des Heereswa↵enamts und
in etwa 40 Geheimpatentschriften.

[S. 121] Immer wieder, insbesondere in
der Presse und von nicht kompetenten Stellen
wird behauptet, Hitler habe an die A-Bomb
geglaubt, diese sei die unausgesprochene Wun-
derwa↵e in seinen Blu↵reden gewesen.

Alle mit der Atomangelegenheit sachlich
befassten amtlichen Stellen wissen, dass das
nicht der Fall war. Erst Ende 1941 ist Hitler
durch den Postminister Dr. Ohnesorge über
das Atomenergieproblem unterrichtet worden.
[...] Hitler war skeptisch und lehnte ab, noch
schärfer als bei seiner Unterrichtung über die
Rakete.

[p. 38] If nothing has been reported about the
experiments planned and prepared in Germany
towards the end of the war, this is due to the
fact that only a few scientists were informed
and the files had to be destroyed in April 1945.

[p. 39] These proposals, which I submit-
ted to the Chief of the Army Ordnance O�ce
in the fall of 1944, General d. Art. Leeb,
presented, are based on considerations shared
with Trinks following our work in the field of
explosives physics2).

2) set forth in the reports of the Reich
Research Council (Explosives Physics Reports,
issued by the Explosives Physics Commis-
sioner), in the reports of the Army Ordnance
Research Department and in about 40 secret
patents.

[p. 121] Again and again, especially in the
press and from incompetent sources, it is
alleged that Hitler had believed in the A-bomb,
which had been the unspoken miracle weapon
in his blu�ng stories.

All the o�cial bodies concerned with the
nuclear issue know that this was not the case.
At the end of 1941, Hitler was briefed by
the postmaster Ohnesorge about the nuclear
energy problem. [...] Hitler was skeptical and
rejected it, even more sharply than his briefing
on the rocket.
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[S. 127] Im übrigen machte sich schon der
Einfluss der Wa↵en-SS geltend, der dahin
ging, ein eigenes Wa↵enamt aufzubauen und es
selbstverständlich ablehnte, dass das OKW in
irgendeiner Weise hinein zureden vermochte.

[S. 131] Deutschland hat nie reines 235U
in nennenswerten Mengen hergestellt; nur
Harteck 1943 bis 44 mittels Zentrifuge (Anre-
icherung). Clusius-Verfahren ging nicht, weil
Thermodi↵usionskoe�zient negativ war.

[p. 127] Moreover, the influence of the Wa↵en-
SS, which set out to set up its own weapons
o�ce and, of course, refused to allow the Army
to speak in any way, became apparent.

[p. 131] Germany never made pure 235U
in appreciable quantities; only Harteck 1943
to 44 by means of centrifuge (enrichment).
Clusius method did not work because thermal
di↵usion coe�cient was negative.

[Erich Schumann’s implosion systems would have been highly suitable for compressing fission fuel,
thus making a complete fission bomb. In this manuscript, Schumann did not describe that; with the
highly compartmentalized security of German secret weapons programs, he may not have known
much about it. In any event, with postwar Allied interrogations, trials, prison sentences, and exe-
cutions of Germans who had performed various tasks during the war, Schumann certainly would
not have wanted to admit anything that he had known or been involved with.

Schumann stated that he filed “about 40 secret patents” during the war, which presumably covered
the material for which he was granted patents in the postwar period. The view that Schumann’s
postwar papers reflect wartime work is strongly supported by the fact that in August 1945, the
U.S. Army Ordnance Technical Intelligence o�ce publicly stated that based on evidence they
had collected, Erich Schumann was a “brilliant scientist” who “did much outstanding work” “in
the development of atomic bombs”; other U.S. o�cials then threatened the Ordnance Technical
Intelligence o�ce “against making further statements on this subject” (p. 3578). The importance
of Schumann’s work is supported by Erwin Respondek’s 1945 testimony too (p. 3581). The notion
that Schumann’s postwar papers accurately reflect wartime work is also supported by an April 1947
Russian report that is highly similar to Schumann’s work and likely based on some of his wartime
papers that were captured by the Russians [Kozyrev 2005].

Schumann confirmed (1) the fact that the SS eclipsed the Army Ordnance in the German nuclear
program, (2) the extreme secrecy of the nuclear program during the war, and (3) the destruction
of evidence at the end of the war, all consistent with the testimony of Werner Grothmann.

Schumann wrote that he was unaware of enriched uranium sources other than Paul Harteck’s
centrifuges. Yet Werner Holtz and Werner Schwietzke in his own Army Ordnance O�ce spent
several years developing uranium centrifuges (pp. 3174–3176); the fact that Schumann completely
omitted any mention of that fact demonstrates that he withheld important information in this and
other writings.]
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Figure D.261: The table of contents of an unpublished 1949 manuscript by Erich Schumann, de-
scribing wartime work on a spherical implosion bomb design with multiple concentric layers.
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Figure D.262: A page from an unpublished 1949 manuscript by Erich Schumann, describing a
spherical implosion bomb design with multiple concentric layers. (See also p. 3618.) Schumann’s
caption says: “Schematic representation of an explosive physical arrangement for achieving very
high pressures and temperatures: Hollow metallic sphere surrounded by a layer of explosives with
a number of detonators which can be triggered simultaneously using auxiliary detonators ZH and
pieces of detonating fuse of equal length. The dotted semicircles in the hatched explosive layer
indicate the fronts of the detonation waves emanating from the individual detonators shortly before
reaching the outer boundary of the hollow metallic sphere.” Other pages from Schumann described
additional details of the design, including explosive lenses of TNT and RDX within the outer layer,
the arrangement of both fission and fusion fuel near the center, and methods of testing the device
by mounting it on a tower and using sophisticated high-speed diagnostic instruments to record the
explosion.
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Letter from Erich Schumann to Ernst Telschow. 2 April 1948 [AMPG, Abt. III, Rep.
83, Nr. 286].

Prof. Dr. Erich Schumann
. Göttingen, den 2. April 48
. Vertraulich
An Herrn Gen. Dir. Dr. E. Telschow
Max-Planck-Gesellschaft zur
Förderung der Wissenschaften in Göttingen

Im Verlauf von sprengsto↵-physikalischen
Forschungsarbeiten, insbesondere der die
Zündführung bei Hohlsprengkörpern betre↵enden
Untersuchungen, führten Überlegungen, die ich
im Oktober 1943 gemeinsam mit Dr. Walter
Trinks anstellte, zu dem Schluss, dass es zufolge
der in unseren Berichten [Forschungsabteilung H
Wa F, Reichsforschungsrat (Bevollmächtigter für
Sprengsto↵physik) und etwa 40 Patentschriften]
niedergelegten Erkenntnissen möglich sein
müsse, Umwandlungen z. B. von Kohle
in Diamant vorzunehmen und ferner
Atomenergie auch durch Reaktionen zwischen
leichten Elementen freizumachen.

Prinzip: Die außerordentliche Verdichtung
der Materie und damit einhergehende ungeheuere
Temperatursteigerung, wie sie sich im Entwick-
lungsgang der Sterne infolge der Gravitation
vollzieht, soll im Experiment dadurch erzwun-
gen werden, dass man die hohe Sprengsto↵-
physikalisch gewonnene kinetische Energie einer
großen Masse auf eine wesentlich kleinere Masse
überträgt. Siehe nachstehende schematische
Darstellung. (Die zu verdichtende Substanz wird
im gasförmigen Zustand in einer metallischen
Hohlkugel untergebracht, welche außen mit einer
Schicht eines brisanten Sprengsto↵s belegt ist. Bei
geeigneter, gleichmäßig über die ganze Oberfläche
der Sprengsto↵schicht eingeleiteter Zündung wird
für eine gewisse kurze Zeit ein hoher Druck auf
die metallische Kugel ausgeübt, unter dessen Ein-
wirkung das Metall in den plastischen Zustand
gerät und zum Mittelpunkt hin beschleunigt
wird. Dadurch wird die eingeschlossene Gasmasse
außerordentlich rasch verdichtet und dabei sehr
hoch erhitzt):

Prof. Dr. Erich Schumann
. Göttingen, 2 April 48
. Confidential
To General Director Dr. E. Telschow
Max Planck Society for the
Advancement of Sciences in Göttingen

In the course of research work in the
physics of explosives, in particular the in-
vestigations into the detonation of hollow
explosives, considerations which I carried
out in October 1943 with Dr. Walter Trinks,
led to the conclusion that according to the
findings laid down in our reports [Research
Department H Wa F, Reich Research Council
(Commissioner for Explosives Physics) and
about 40 patent specifications], it must be
possible to carry out transformations, e.g. of
coal into diamond, and moreover to release
nuclear energy also through reactions between
light elements.

Principle: The extraordinary compres-
sion of matter and the associated enormous
increase in temperature, as it occurs in the
evolution of stars as a result of gravity, can
be forcibly created in the experiment by
transferring the high kinetic energy of a
large mass, obtained by explosive physics,
to a much smaller mass. See the schematic
diagram below. (The substance to be com-
pressed is placed in the gaseous state in a
metallic hollow sphere, which is covered on
the outside with a layer of explosive material.
When a suitable ignition is applied uniformly
over the entire surface of the explosive layer,
a high pressure is applied to the metal sphere
for a short time, which causes the metal to
plasticize and accelerate towards the center.
This causes the enclosed mass of gas to be
compressed extremely rapidly and thereby to
heat up very rapidly):
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Figure D.263: A 1948 drawing by Erich Schumann, showing a spherical implosion bomb design with
multiple concentric layers used to trigger nuclear reactions [AMPG, Abt. III, Rep. 83, Nr. 286].
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Es war 1944/45 nicht mehr möglich, die bereits
vorbereiteten Versuche durchzuführen, denn
vom damaligen Ministerium für Bewa↵nung
und Munition wurden derartige Versuche nicht
unterstützt, ja sogar verboten. Die experi-
mentellen Möglichkeiten und theoretischen
Überlegungen wurden aber damals von Dr.
Trinks in einer Arbeit, die er als Habilitation-
sschrift zu benutzen gedachte, niedergelegt.
Diese Arbeit wurde weisungsgemäß 1945 mit
den übrigen Geheimakten vernichtet und 1947
nach Rücksprache mit Ihnen für die dortige
Behörde von Dr. Trinks rekonstruiert.

Besteht beispielsweise die erwähnte Kugelschale
aus Eisen, die Füllung aus Wassersto↵gas vom
Anfangsdruck 1 Atm., beträgt die Wandstärke
der Kugelschale etwa 1/50 ihres Durchmessers
und rechnet man weiter mit einer Anfangs-
geschwindigkeit der Schalenelemente von etwa
3200 m/sec, welche noch bequem erreichbar
erscheint, so ergibt sich—nach Trinks—im
Endzustand ein Energiegehalt des verdichteten
Wassersto↵gases von etwa 1015 erg/g, d.h.
mehr als 10 000 mal soviel, wie die brisan-
testen Sprengsto↵e besitzen. Geht man von
einem herabgesetzten Anfangsdruck des
eingeschlossenen Gases aus, so ist mit noch
höheren Energiedichten zu rechnen, also z.B.
bei 0,1 Atm. etwa mit 1016 erg/g, das ist das
100 000-fache des Wertes für die brisantesten
Sprengsto↵e.

In 1944/45 it was no longer possible to carry
out the experiments already prepared, because
the then Ministry of Armaments and Am-
munition did not support such experiments
and even prohibited them. The experimental
possibilities and theoretical considerations
were, however, laid down by Dr. Trinks at that
time in a paper which he intended to use as his
habilitation thesis. This work was destroyed
together with the other secret files in 1945, as
ordered, and in 1947, after consultation with
you, it was reconstructed by Dr. Trinks for the
local authorities.

If, for example, the spherical shell men-
tioned above consists of iron, the filling of
hydrogen gas of the initial pressure of 1 Atm.,
the wall thickness of the spherical shell is about
1/50 of its diameter and if one continues to
calculate with an initial speed of the shell
elements of about 3200 m/sec, which still seems
to be comfortably attainable, this results—after
Trinks—in the final state an energy content
of the compressed hydrogen gas of about 1015

erg/g, i.e. more than 10,000 times as much
as the most explosive explosives possess. If
one assumes a reduced initial pressure of the
enclosed gas, even higher energy densities
can be expected, e.g. at 0.1 atm. about 1016

erg/g, i.e. 100,000 times the value for the most
explosive explosives.
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Durch extrem anwachsende Strahlungsverluste
beim Überschreiten der Temperaturgrenze
des nichtentarteten Elektronengases, sowie
durch sprunghaft erhöhte Kompressibilität bei
Überschreiten der Druckgrenze des nichten-
tarteten Elektronengases werden die theore-
tisch möglichen Zündwerte (Temperaturen von
10–100 Millionen Grad und Drucke von 100
Milliarden bis 100 Billionen Atm) allerdings
nur annährend erreicht werden können. Diese
Schwierigkeiten beginnen jedoch erst von etwa
4 Millionen Grad bei einem Druck von 250 Mil-
lionen Atm. An merklich zu werden, während
unter ihrer Inrechnungsetzung ein weiterer
Anstieg auf etwa 10 Millionen Grad bei einem
Druck von etwa 10 Milliarden Atm., das ist
nahezu der Zustand im Sonnenmittelpunkt,
erwartet werden kann.

Dann sind aber zumindest die beiden
Deuteronen-Reaktionen

However, due to extremely increasing radiation
losses when the temperature limit of the
non-degenerate electron gas is exceeded, as well
as due to a sudden increase in compressibility
when the pressure limit of the non-degenerate
electron gas is exceeded, the theoretically pos-
sible ignition values (temperatures of 10–100
million degrees and pressures of 100 billion to
100 trillion Atm) can only be approximately
reached. However, these di�culties only start
from about 4 million degrees at a pressure
of 250 million Atm. It is possible to notice
them, whereas if they are taken into account,
a further increase to about 10 million degrees
at a pressure of about 10 billion Atm., which is
almost the state in the centre of the sun, can
be expected.

But then at least the two deuteron reac-
tions

2D + 2D = 3He + 1n

2D + 2D = 3Tr + 1H ,

deren Einsetzen im Entwicklungsgang der
Sterne bereits bei 200 000o beginntx), genügend
wahrscheinlichxx), so dass sie auch während der
etwas kurzen Zeiten, die bei dem geplanten
Hohlkugelverfahren zur Verfügung stehen (etwa
0,001 sec), in so ausreichendem Umfang stat-
tfinden, dass erhebliche Energiebeträge gewon-
nen werden können.

whose onset in the evolutionary process of
stars already starts at 200,000o x), su�ciently
probablexx), so that even during the somewhat
short times available in the planned hollow-
sphere process (about 0.001 sec), they take
place in such a su�cient amount that consid-
erable amounts of energy can be gained.
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Wird z.B. 1⁄2 Kubikmeter (ca 9 g) schw-
eren Wassersto↵gases vom Druck 0,1 Atm.
vollständig nach dem obigen Reaktionsgle-
ichungen umgesetzt, so wird ein Energiebetrag
von rund 1019 erg entsprechend etwa 275 to
Trinitrotoluol, frei. Noch erheblich höhere
Beträge können unter Heranziehung anderer
leichter Elemente, z. B. Lithium oder Bor,
gewonnen werden.

Erich Schumann

————
x) Vgl. Bethe u. Marshak, Rep. on Progr. in
Phys. 6, 1–15, 1939.

xx)Nachgewiesen in dem Hauptbericht Ab-
schn. V, S. 36 unter Benutzung der von Gamow
und Teller (Phys. Rev. (2) 53, 608, 1938)
verbesserten theoretischen Beziehungen von
Atkinson und Houtermans, der Rechnungen
von Bethe (Phys. Rev. (2) 55, 434, 1939),
sowie der experimentellen Werte des Wirkungs-
querschnittes der Deuteronenreaktionen von
Ladenburg u. Kanner (Phys. Rev. (2) 52, 911,
1937) und der Messungen von Burhop (Proc.
Phil. Soc. 32, 643, 1936).

If e.g. 1⁄2 cubic meters (approx. 9 g) of
heavy hydrogen gas of pressure 0.1 Atm. are
completely converted according to the above
reaction equations, an energy amount of about
1019 erg corresponding to about 275 tons of
TNT is released. Even considerably higher
amounts can be obtained by using other light
elements, e.g. lithium or boron.

Erich Schumann

————
x) See Bethe and Marshak, Rep. on Progr. in
Phys. 6, 1–15, 1939.

xx)Proven in the main report, section V,
p. 36, using the theoretical relations of Atkin-
son and Houtermans improved by Gamow
and Teller (Phys. Rev. (2) 53, 608, 1938), the
calculations of Bethe (Phys. Rev. (2) 55, 434,
1939), as well as the experimental values of
the cross section of the deuteron reactions of
Ladenburg and Kanner (Phys. Rev. (2) 52, 911,
1937) and the measurements of Burhop (Proc.
Phil. Soc. 32, 643, 1936).

[This 1948 letter briefly described a spherical implosion bomb design with multiple concentric layers
used to trigger nuclear reactions. While the letter did not delve into still-classified details such as
uranium and explosive lenses, clearly it was closely tied both to Schumann’s wartime work and to
his postwar patents (which are presented on the following pages).]
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Erich Schumann and Walter Trinks. Patent DE977825. Vorrichtung, um ein Material
zur Einleitung von mechanischen, thermischen oder nuklearen Prozessen auf extrem
hohe Drücke und Temperaturen zu bringen. [Device for the introduction of a material
for the introduction of mechanical, thermal or nuclear processes to extremely high
pressures and temperatures.] Filed 13 August 1952.
[https://worldwide.espacenet.com/advancedSearch?locale=en EP]

[...] In solchen Fällen kann man sich eines
Verfahrens bedienen, das darauf beruht, die
kinetische Energie einer größeren Masse nahezu
vollständig auf eine möglichst kleine Masse in
einem sehr kleinen Raumgebiet zu übertragen.
Man erreicht durch den Übergang von großen
zu kleinen Massen größte Energiedichten,
ganz analog wie man einen hohen Druck beim
Übergang von großen zu kleinen Flächen erhält
oder große Lasten mit einer kleinen Kraft durch
Anwendung langer Wege hebt.

Dieses Prinzip der Übertragung der kinetischen
Energie großer Massen auf kleinere findet z.B.
Anwendung beim sogenannten Wasserham-
mer oder hydraulischen Widder; eine größere
in Strömung befindliche Wassermenge wird
plötzlich gebremst; der dabei auftretende
Staudruck hebt einen Bruchteil der gestauten
Wassermenge auf eine bestimmte Höhe empor
und verleiht demselben so einen höheren Betrag
an potentieller Energie pro Volumeneinheit, als
das ursprünglich fließende Wasser an kinetis-
cher Energie besaß.

Gemäß der Erfindung wird für die Erzeu-
gung extrem hoher Drücke und Tempera-
turen eine Vorrichtung vorgeschlagen, die
eine geschlossene Kammer für das auf die
Drücke und Temperaturen zu bringende Ma-
terial besitzt, bei der eine jenem Material
gegenüberliegende, selbst nicht aus Sprengsto↵
bestehende Wand der Kammer mit einem
Sprengsto↵ belegt ist, wobei diese Wand und
ihre Sprengsto↵belegung so ausgebildet sind,
daß die Wand durch den bei der Detonation
des Sprengsto↵es auftretenden Druck auf das
genannte Material hin bewegt und in eine zu
dem genannten Material hin konkave Form
plastisch verformt wird.

[...] In such cases, a method can be used which
is based on transferring the kinetic energy of
a larger mass almost completely to a mass as
small as possible in a very small spatial region.
From the transition from large to small masses
one attains the greatest energy density, just as
a high pressure is obtained in the transition
from large to small surfaces, or large loads are
lifted with a small force by the application of
long paths.

This principle of transferring the kinetic
energy of large masses to smaller ones is, for
example, applied in the so-called water hammer
or hydraulic ram; a larger stream of water is
suddenly braked; the pressure occurring in
the process lifts a fraction of the accumulated
water to a certain height and thus gives it a
higher amount of potential energy per unit
volume than the kinetic energy of the initially
flowing water.

According to the invention, an apparatus
is proposed for the production of extremely
high pressures and temperatures, which has a
closed chamber for the material to be subjected
to pressures and temperatures, in which a
wall of the chamber, which does not consist of
explosives itself, is lined with an explosive, this
wall and its explosive covering being designed
in such a way that the wall is moved towards
the said material by the pressure occurring
during the detonation of the explosive and
is plastically deformed into a concave shape
towards the said material.
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Diese Vorrichtung beruht zum Teil auf dem
Prinzip der sogenannten Hohlsprengladung.
Der maßgebende Teil solcher Hohlsprengladun-
gen besteht aus einem metallischen Hohlkörper
von vorzugsweise kegel-, glocken- oder
flaschenförmiger Gestalt, welcher außen mit
einem Sicherheitssprengsto↵, z.B. Hexogen oder
Trinitrotoluol, umgeben ist. Bei der Detonation
des letzteren gehen die einzelnen Wandele-
mente des genannten Hohlkörpers unter dem
Einfluß des Druckes von etwa 100 000 Atm
in den plastischen Zustand über und erhalten
eine nach innen gerichtete Geschwindigkeit von
mehreren Kilometern pro sec. Beim Zusam-
mentre↵en der beschleunigten Wandelemente
auf der Hohlraumachse wird ihre Bewegung
gebremst, wobei auf einen geschmolzenen
Anteil ihrer Masse ein hoher Druck ausgeübt
wird. Durch diesen Druck werden die flüssig
gewordenen Teilchen in Form eines feinen
Strahles mit großer Geschwindigkeit aus
dem sich zusammenziehenden Hohlraum her-
ausgepreßt. Bei geeigneter Hohlraumform
erreicht man in solchen Hohlsprengladungen
Strahlgeschwindigkeiten bis zur doppelten
Detonationsgeschwindigkeit, also beispielsweise
bei Hexogen 2 ⇥ 8 km/sec = 16 km/sec.
Dieser Geschwindigkeit entspricht ein Druck im
Quellgebiet des Strahles von etwa 107 kg/cm2.
[...]

An dem folgenden speziellen Beispiel soll
dies näher erläutert werden. Die zu verdicht-
ende Substanz sei in gasförmigem Zustand in
einer metallischen Hohlkugel untergebracht,
welche außen mit einer Schicht eines brisan-
ten Sprengsto↵es belegt ist. Bei geeigneter,
gleichmäßig über die ganze Oberfläche ein-
geleiteter Zündung der Sprengsto↵schicht wird
für kurze Zeit ein sehr hoher Druck auf die
Kugelschale ausgeübt, unter dessen Einwirkung
das Metall wie bei den Hohlsprengkörpem
in den plastischen Zustand gerät und zum
Kugelmittelpunkt hin beschleunigt wird.
Dadurch wird die eingeschlossene Gasmasse
außerordentlich rasch verdichtet und dabei sehr
hoch erhitzt.

This device is based, in part, on the principle
of the so-called shaped-charge blasting. The
decisive part of such hollow-spring bladders
consists of a metallic hollow body of preferably
conical, bell-shaped or bottle-shaped shape
which is externally provided with a safety
explosive, for example hexogen or trinitro-
toluene. During the detonation of the latter,
the individual wall elements of said hollow
body are converted into the plastic state under
the influence of the pressure of about 100,000
atmospheres, and receive an inward velocity
of several kilometers per second. When the
accelerated wall elements meet on the cavity
axis, their movement is braked, a high pressure
being exerted on a molten portion of their
mass. By this pressure the particles, which
have become fluid, are pressed out of the
constricting cavity in the form of a fine jet at
high speed. With a suitable cavity shape, jet
velocities of up to twice the detonation velocity
are achieved in such hollow-jet blowers, for
example, in the case of hexogen 2 ⇥ 8 km/sec
= 16 km/sec. This pressure corresponds to a
pressure in the source region of the jet of about
107 kg/cm2. [...]

This will be explained in more detail in
the following specific example. The substance
to be compacted is placed in a gaseous state
in a metallic hollow sphere, which is externally
coated with a layer of a high explosive. In the
case of a suitable ignition of the explosive layer
uniformly introduced over the entire surface, a
very high pressure is exerted on the ball shell
for a short time, under the e↵ect of which the
metal becomes, as in the case of the hollow
bubble bodies, into the plastic state and is
accelerated towards the ball center point. As
a result, the enclosed gas mass is extremely
rapidly compressed and thereby heated very
high.



3614 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Die dabei auftretenden Beschleunigungen sind
ungeheuer groß. Während der Kontraktion der
Hohlkugel nimmt ihre Wandstärke dauernd
zu. Nähert sich dabei die Innenfläche dem
Kugelmittelpunkt, so erhalten die an der In-
nenfläche gelegenen Materialteilchen sehr hohe
Geschwindigkeiten. Man erkennt dies sofort,
wenn man sich vergegenwärtigt, welchen Raum
das von der Außenfläche—auch bei einem
nur kleinen zurückgelegten Weg derselben—
überstrichene Volumen einnimmt, wenn es als
Kugel um den Mittelpunkt angeordnet wird.

Geht man beispielsweise von einer Hohlkugel
vom Innendurchmesser 2R = 100 cm und der
Wandstärke 2 cm aus, so füllt das Schalenma-
terial eine Kugel vom Durchmesser

The accelerations occurring in this case are
enormous. During the contraction of the
hollow spheres their wall thickness increases
continuously. As the inner surface approaches
the center of the sphere, the material particles
located on the inner surface are given very high
velocities. This is immediately apparent when
we consider the space being spanned—even for
a small distance travelled—when it is arranged
as a sphere around the center.

If, for example, a hollow sphere with an
internal diameter of 2R = 100 cm and wall
thickness 2 cm is compacted, the shell material
fills a sphere of diameter

2R0 = 2
3
p
523 � 503 = 2 3

p
15608 ⇡ 50 cm, (D.1)

wenn die Hohlkugel völlig zusam-
mengeschrumpft ist, und legt während des
letzten Teiles der Kontraktion die Außenfläche
einen Weg von nur 1⁄10 mm zurück, so beträgt
in der gleichen Zeit der entsprechende Weg der
Innenfläche 2,66 cm, das ist 266mal soviel.

In Fig. 1a bis 1d ist die Kontraktion einer
Hohlkugel im Schnitt schematisch dargestellt.
Die starke Schrumpfung des Innenraumes,
besonders gegen Ende des Vorganges im
Vergleich mit der verhältnismäßig geringen
Abnahme des Außendurchmessers, macht
das Auftreten enormer Beschleunigungen
verständlich. [...]

Bei der Beschleunigung mittels detonierender
Sprengsto↵e sind Anfangsgeschwindigkeiten
von v̄ = 3000 bis 4000 m/sec. noch bequem
erreichbar. [...]

when the hollow sphere is completely shrunk,
and during the last part of the contraction the
outer surface is a path of only 1⁄10 mm, the
corresponding distance of the inner surface is
2.66 cm, which is 266 times as much.

In Figs. 1a to 1d, the contraction of a
hollow sphere is shown schematically in section.
The severe shrinkage of the interior, especially
towards the end of the process compared with
the relatively small decrease in the outside
diameter, makes the occurrence of enormous
accelerations understandable. [...]

During acceleration by means of detonat-
ing explosives, initial velocities from v̄ = 3000
to 4000 m/sec are yet easily accessible. [...]
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Figure D.264: Figure from Schumann-Trinks patent application showing the implosion of a spherical
shell to form a solid sphere of matter.
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Zur technischen Durchführung des vorgeschla-
genen Verfahrens ist folgendes zu bemerken:

Bei der visuellen Beobachtung eines Sprengvor-
ganges, beispielsweise der Detonation einer
Bombe, gewinnt man leicht den Eindruck,
als ob dieser Vorgang sich recht ungeordnet
vollzöge und daß man sich bei den ungeheuren
Belastungen des Materials immer mit gewis-
sen nicht steuerbaren Zufälligkeiten abfinden
müsse.

Die modernen Untersuchungsmethoden
mit mechanischen Hochleistungszeit-
dehnern, Funken-, Kerrzellen- und
Röntgenblitzkinematographen haben je-
doch ergeben, daß Detonationsvorgänge mit
derselben Exaktheit ablaufen wie andere
physikalische Vorgänge und daß ihr Ablauf
und der eintretende Endzustand genau repro-
duzierbar sind, wenn nur stets von den gleichen
Anfangszuständen ausgegangen wird.

Man darf daher bei der Vorbereitung einer
Sprengung nicht glauben, es komme nicht so
genau darauf an, sondern es ist sehr wichtig,
aber auch zugleich lohnend, äußerste Sorgfalt
dabei aufzuwenden. Es ist häufig vorgekom-
men, daß erwartete E↵ekte erst verspätet
nachgewiesen werden konnten, weil man sie
nach einem nicht genügend sorgfältig vorbere-
iteten und deshalb mißglückten Vorversuch
voreilig abgetan hat.

Für die Vorbereitung von Anordnungen
zur Durchführung des beschriebenen Ver-
fahrens gilt das eben Gesagte ganz besonders,
und es ist nicht zuletzt aus diesem Grunde
in den angeführten Beispielen von einer
Hohlkugel mit dem verhältnismäßig großen
Durchmesser von 1 m gesprochen worden, weil
dann Ungenauigkeiten leichter zu vermeiden
sind.

For the technical implementation of the pro-
posed method, the following should be noted:

When visually observing a blasting pro-
cess, for example the detonation of a bomb, one
easily gains the impression that this process
is quite disordered, and that with respect to
the enormous loads, one must always accept
certain uncontrollable, random incidents.

However, the modern methods of investi-
gation with high-performance mechanical
time-lengtheners, spark-, Kerr-cells, and X-
ray flash kinematographs have shown that
detonation processes proceed with the same
exactness as other physical processes and that
their sequence and the final state are exactly
reproducible when only the same initial states
are always assumed.

It is therefore not permissible, when preparing
a blasting, to believe that it is not so impor-
tant, but it is very important, but at the same
time worthwhile, to devote extreme care to
it. It has often happened that the expected
e↵ects could not be demonstrated until later,
because they were prematurely dismissed after
a preliminary experiment which had not been
carefully prepared and therefore failed.

For the preparation of arrangements for
carrying out the described method, the above
is particularly true, and for this reason, in
the examples given, a hollow sphere with the
comparatively large diameter of 1 meter has
been discussed, since inaccuracies are then
easier to avoid.
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Besonders ist es die möglichst strenge Einhal-
tung der Gleichzeitigkeit der Zündung, die in
allen vorliegenden Fällen von besonderer Be-
deutung ist und die sich bei größeren Körpern
leichter erzielen läßt als bei kleineren. Es ist
verhältnismäßig schwierig, einen Sprengkörper
an allen Punkten einer beliebig geformten
Oberfläche gleichzeitig zu zünden. Statt
einer flächenhaften Zündung empfiehlt es
sich deshalb, eine solche in möglichst vielen
Einzelpunkten vorzunehmen.

Einen verhältnismäßig hohen Grad der
Gleichzeitigkeit erreicht man dabei mit Hilfe
der sogenannten detonierenden Zündschnur
(kabelähnlich umsponnene Nitropentaerythrit-
oder Fulminat-Seele), indem man Hil-
fszündpunkte ZH anwendet, von denen
man zu den eigentlichen Zündpunkten Z1, Z2,
Z3,... gleich lange Stücke dieser Zündschnur
mit konstanter Detonationsgeschwindigkeit
(etwa 7500 m/sec) führt.

In Fig. 7 ist eine spreng-physikalische Anord-
nung zur Erzielung sehr hoher Drücke und
Temperaturen dargestellt. Die metallische
Hohlkugel B ist von einer Sprengsto↵schicht
Sp umgeben mit einer Anzahl von Zündern
Z, die unter Verwendung von Hilfszündern
ZH und gleich langer Stücke detonierender
Zündschnüre gleichzeitig gezündet werden
können. Die punktierten Halbkreise in der
schra�ert gezeichneten Sprengsto↵schicht
deuten die Fronten der von den einzelnen
Zündern ausgehenden Detonationswellen
kurz vor Erreichen der Außenbegrenzung der
metallischen Hohlkugel B an.

It is particularly important to observe as closely
as possible the simultaneity of the ignition,
which is of particular importance in all cases,
and which is easier to obtain in larger bodies
than in smaller ones. It is relatively di�cult to
simultaneously ignite an explosive at all points
of any arbitrarily shaped surface. Instead of a
large-area ignition, it is therefore recommended
to carry out such an operation in as many
individual points as possible.

To reach a relatively high degree of simul-
taneity place with the help of so-called
detonating fuse (braided nitropentaerythrite or
fulminate-soul) by introducing secondary igni-
tion points ZH , from which one of the actual
ignition points Z1, Z2, Z3,... pieces of equal
length this detonating cord leads (about 7500
m/sec) at a constant velocity of detonation.

Fig. 7 shows an explosive physical arrange-
ment for achieving very high pressures and
temperatures. The metallic hollow sphere B

is surrounded by an explosive layer Sp with a
number of detonators Z which can be ignited
simultaneously using auxiliary detonators ZH

and equally long pieces of detonating cords.
The punctured semicircles in the shaded
explosive layer indicate the fronts of the det-
onation waves emanating from the individual
detonators shortly before the outer limit of the
metallic hollow sphere B is reached.
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Figure D.265: Figure from Schumann-Trinks patent application showing a spherical implosion bomb
design with multiple concentric layers used to trigger nuclear reactions. (See also p. 3606.)
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Bei Verwendung elektrischer Zünder ist da-
rauf zu achten, daß diese eine sehr geringe
und konstante Verzugszeit aufweisen. Einer
Zeitdi↵erenz von einer millionstel Sekunde
entspricht bereits ein Weg der Detonationsfront
von rund 1 cm, jedoch ebenfalls ein solches
Stück der detonierenden Zündschnur, so daß
bei deren Verwendung gute Genauigkeiten
zustande kommen. Fehler durch etwa vorhan-
dene Fehlstellen oder Unregelmäßigkeiten in
der Schnur können dadurch vermieden werden,
daß für jede Übertragungsstrecke mehrfache
Schnüre verwendet werden.

Eine Glättung der gewünschten kugelförmigen,
zum Mittelpunkt hinlaufenden Detonations-
front ist in Anlehnung an die Optik durch die
Verwendung von “Sprengsto✏insen” möglich.
Ähnlich wie dort die Lichtstrahlen kann man
hier ein divergentes Bündel von Detonation-
sstrahlen in ein konvergentes umwandeln,
indem man in dem Sprengkörper mit der Det-
onationsgeschwindigkeit D entweder konvexe
oder konkave Linsen aus einem Sprengsto↵
mit größerer Detonationsgeschwindigkeit als
D zwischen den Zünder und die zu beschle-
unigende Hohlkugeloberflache einschiebt. So
kann man beispielsweise konvexe Linsen aus
Trinitrotoluol bei einem Hauptsprengkörper
aus Hexogen oder konkave Linsen aus Hexogen
oder Nitropentaerythrit bei einem Haupt-
sprengkörper aus Trinitrotoluol verwenden.

Sprengsto↵e mit noch kleineren Detona-
tionsgeschwindigkeiten, beispielsweise Berg-
werkssprengsto↵e, sind für derartige Anwen-
dungen nicht geeignet.

Obgleich sie einen größeren “Brechungsin-
dex” ergeben würden, wird man doch wegen
ihrer zu geringen Homogenität von ihrem
Gebrauch für den vorliegenden Zweck absehen.

When using electric igniters, care must be
taken that these have a very low and constant
delay time. A time di↵erence of one millionth
of a second corresponds already to a distance
of about 1 cm of the detonation front, but also
to such a portion of the detonating fuse, so
that good accuracies are obtained when they
are used. Flaws caused by any imperfections
or irregularities in the cord can be avoided by
using multiple cords for each transfer path.

A smoothing of the desired spherical det-
onation front leading to the center is possible
according to principles similar to those in
optics through the use of “explosive lenses.”
Similar to the light beams, a divergent bun-
dle of detonation beams can be transformed
into a convergent one by inserting either the
convex or concave lenses of an explosive with
a greater detonation velocity than D between
the detonators and the hollow spherical surface
to be accelerated. For example, convex lenses
made of trinitrotoluene can be used within a
main body made of hexogen, or concave lenses
made of hexogen or nitropentaerythrite within
a main body made of trinitrotoluene.

Explosives with even lower detonation ve-
locities, for example mining explosives, are not
suitable for such applications.

Although they would give a larger “index
of refraction,” their inadequate homogeneity
will be considered to be of no use for the
present purpose.
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Die Form der Trennflächen zwischen den
Sprengsto↵en mit den verschiedenen Detona-
tionsgeschwindigkeiten (D1 und D2) ergibt sich
sehr einfach aus der folgenden Bedingung für
die Wege s der Detonationsstrahlen

The shape of the interfaces between the explo-
sives with the di↵erent detonation velocities (D1

andD2) is obtained very simply from the follow-
ing condition for the paths s of the detonation
rays

s1

D1
+

s2

D2
= const =

s10

D1
+

s20

D2
(D.2)

für eine einfache Trennfläche

oder

for a simple separation surface

or

s1

D1
+

s2

D2
+

s
0
1

D1
= const =

s10

D1
+

s20

D2
+

s
0
10

D1
(D.3)

für eine doppelte Trennfläche bei “Linsen”,
wobei sich die Indizes 1 und 2 auf die beiden
Sprengsto↵e und der Index 0 auf den kürzesten
Detonationsweg beziehen.

In der Fig. 8 ist eine solche Umkehr der
Krümmung der Detonationsflächen bei der
Verwendung von Trinitrotoluol mit D1 = 6500
m/sec und eines Zwischenkörpers aus Nitropen-
taerythrit mit D2 = 7800 m/sec dargestellt. Die
Figur zeigt, wie durch Einschaltung derartiger
Sprengsto↵-Linsen die gestrichelt dargestellten
Detonationsflächen im Lauf ihres Fortschreitens
der Krümmung der zu beschleunigenden Masse
M angepaßt werden.

Zur Erzielung einer möglichst großen
Energiedichte ist es vorteilhaft, einen
Sprengsto↵ mit möglichst hoher Detona-
tionsgeschwindigkeit, z.B. Hexogen, für die
Beschleunigung der Hohlkugelwand zu ver-
wenden. Zweckmäßig preßt man dann die
Sprengsto↵umhüllung des Druckgefäßes als
einzelne Teilstücke. Auf diese Weise läßt sich
eine bessere Homogenität der Sprengsto↵hülle
und damit ein gleichmäßigerer Ablauf der
Detonation erzielen als mit gegossenen Mis-
chungen, welche häufig Lunker und andere
Inhomogenitäten enthalten.

for a double separation surface for “lenses,” the
indices 1 and 2 refer to the two explosives and
the index 0 to the shortest detonation path.

Fig. 8 shows such a reversal of the curva-
ture of the detonation surfaces during the use
of trinitrotoluene with D1 = 6500 m/sec and
an intermediate body of nitropentaerythritol
with D2 = 7800 m/sec. The figure shows how,
by the activation of such explosive lenses, the
detonation surfaces represented by dashed lines
are adapted in the course of their progress to
the curvature of the mass M to be accelerated.

In order to achieve the greatest possible
energy density, it is advantageous to use an
explosive with the highest possible detonation
speed, for example, hexogen [RDX], for the
acceleration of the hollow ball wall. Expedi-
ently, the explosive lining of the pressure vessel
is then pressed as individual parts. In this
way, a better homogeneity of the explosive
shell and thus a more uniform discharge of
the detonation can be achieved than with cast
mixtures, which often contain voids and other
inhomogeneities.
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Figure D.266: Figure from Schumann-Trinks patent application showing an explosive lens containing
shaped segments of two di↵erent explosive materials with di↵erent explosion velocities.
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Im Hinblick auf einen möglichst gleichmäßigen
Ablauf der Detonation, insbesondere auch auf
ein möglichst regelmäßiges Anlaufen derselben
in der Umgebung der Zündstellen sowie auf
eine gute Aus- nutzung des Sprengsto↵es ist
es ferner vorteilhaft, die Sprengsto↵schicht
außen mit einer Verdämmung zu versehen und
den ganzen Körper beispielsweise in Beton
oder Erdbereich einzubetten. Beispielsweise
ist es zweckmäßig, die nach außen frei wer-
dende Sprengsto↵energie zugleich anderweitig
auszunutzen, indem man derartige Versuche in
Bergwerken oder Steinbrüchen durchführt.

Zur besseren Beobachtung der Vorgänge
während und kurz nach der Detonation sowie
zur leichteren Au�ndung der verbleibenden
Rückstände, welche die wertvollen Endpro-
dukte enthalten, wird es sich jedoch auch
häufig empfehlen, den Sprengkörper un-
verdämmt einige Meter über einer möglichst
ebenen und glatten Fläche des Erdbodens frei
aufzuhängen.

Im übrigen ist eine Zerlegung der Hohlkugel
in viele Einzelteile nicht zu erwarten, da sie
zusammenschrumpft und ihre Wandstärke
dann 20- bis 30-mal so groß wie der Innenraum
weit ist. Nachteilig ist bei den erwähnten
Ausführungsbeispielen, daß sich bei den
größeren der geplanten Körper recht erhe-
bliche Gewichte ergeben, so daß auch aus
diesem Grunde gegossene Sprengkörper kaum
in Frage kommen, weil diese zu unhandlich
werden würden. Eine eiserne Hohlkugel vom
Durchmesser 1 m und der Wandstärke von nur
1 cm wiegt z.B. etwa 250 kg. Dazu kommt bei
20 cm starker Belegung ein Sprengsto↵gewicht
von etwa 1500 kg. Zusammen mit der Außen-
verdämmung ergibt sich so ein Gesamtgewicht
von rund 2 t. [...]

With a view to the as uniform as possible of
the detonation, in particular also to a regular
start-up of the same in the vicinity of the
ignition points, as well as to a good utilization
of the explosive, it is also advantageous to
provide the explosive layer with an external
tamper and to place the whole arrangement
in concrete or in earth, too. For example,
it is practical to simultaneously exploit the
outwards-released explosive energy by perform-
ing such experiments in mines or quarries.

For the better observation of the processes
during and shortly after the detonation as
well as for the easier detection of the remain-
ing residues, which contain the valuable end
products, it is also frequently recommended to
freely hang the explosive device a few meters
above a flat and smooth surface of the ground.

Moreover, it is not to be expected that
the hollow spheres will be decomposed into
many parts, since they shrink together and
their wall thickness is then 20 to 30 times as
large as the interior space. It is disadvanta-
geous in the case of the mentioned exemplary
embodiments that the larger of the planned
bodies produce quite considerable weights so
that explosive bodies cast for this reason are
scarcely to be considered because they would
become too bulky. An iron hollow sphere
of diameter 1 m and wall thickness of only
1 cm weighs for example about 250 kg. In
addition, an explosive weight of about 1500 kg
is obtained when the coating is 20 cm thick.
Together with the outer insulation, this results
in a total weight of around 2 tons. [...]

[Compare Erich Schumann’s designs for a two-ton spherical implosion bomb with other descriptions
of the German fission bomb design (p. 3556), especially Ivan Ilyichev’s 23 March 1945 report (p.
3789).]
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Neben der eben beschriebenen Abänderung der
prinzipiell sehr einfachen, jedoch in der prak-
tischen Durchführung etwas komplizierten rein
kugelförmigen dynamischen Druckzelle gibt es
noch eine ganze Reihe anderer Möglichkeiten,
die Grundidee der Übertragung der kinetischen
Energie größerer, sprengphysikalisch beschleu-
nigter Massen auf wesentlich kleinere Massen
und der Erzeugung hoher Drücke und Temper-
aturen auf diesem Wege zu verwirklichen.

Hierzu werden noch einige
Ausführungsbeispiele angegeben. Zunächst
soll auf eine Anordnung mit zylindrischer
Druckkammer eingegangen werden. Diese hat
eine Reihe von Vorzügen, insbesondere auch
deshalb, weil sich dabei besonders einfache
Wege zur Einleitung der Zündung ergeben. Als
Beispiel hierfür ist in der Fig. 11 schematisch
eine solche Anordnung im Aufriß dargestellt.
Die Druckkammer B besteht aus einem Zylin-
der, auf dessen Grundflächen Halbkugeln
aufgesetzt sind. Der Sprengsto↵ Sp umgibt die
Zylinderwand in Form eines Doppelkegels, längs
dessen Grundlinie die Zündung gleichzeitig
erfolgt. Dazu ist der Sprengsto↵ Sp umhüllt
mit einem Mantel aus inertem Material J ,
beispielsweise Zement, welcher selbst wiederum
außen mit einer dünnen Sprengsto↵schicht Sp

verkleidet ist. Wird dann letztere gleichzeitig
in den beiden Spitzen des entstandenen Dop-
pelkegels gezündet, so läuft die Detonation
zugleich in zwei Ästen die beiden Kegelmäntel
entlang, ohne dabei zunächst den inneren
Sprengkörper zu beeinflussen, weil jener durch
die inerten Zwischenschichten geschützt ist.

In addition to the modification of the purely
spherical dynamic pressure cell which has
been described above, but which is somewhat
complicated in practice, there are also a whole
series of other possibilities for the transfer
of the kinetic energy of larger, physically
accelerated masses to substantially smaller
masses and the generation of high pressures
and temperatures in this way.

For this purpose, a few exemplary embod-
iments are given. First, an arrangement with a
cylindrical pressure chamber will be described.
This has a number of advantages, in particular
also because there are particularly simple ways
of initiating the ignition. An example of such an
arrangement is shown schematically in Fig. 11.
The pressure chamber B consists of a cylinder,
on the bases of which are placed hemispheres.
The explosive Sp surrounds the cylinder wall
in the form of a double cone, along which
the ignition takes place at the same time.
For this purpose, the explosive Sp is covered
with a jacket of inert material J , for example
cement, which itself is once again covered with
a thin explosive layer Sp. If the latter is then
ignited simultaneously in the two peaks of
the resulting double cone, the detonation runs
simultaneously into two branches along the two
conical coats, without first a↵ecting the inner
explosive, because the latter is protected by
the inert intermediate layers.
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Figure D.267: Figure from Schumann-Trinks patent application showing a biconic implosion bomb.
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Bei dem Zusammentre↵en der beiden Zündäste
wird dann erst der innere Sprengsto↵dop-
pelkegel längs seiner Grundlinie, an welcher die
inerte Umhüllung unterbrochen ist, intensiv
gezündet. Durch die Wahl der symmetrischen
Zündungsäste von den beiden Spitzen des Dop-
pelkegels aus wird eine größere Gleichmäßigkeit
mit einer besonders kräftigen Einleitung der
Zündung des Hauptkörpers verbunden. Bei
dieser Zündung werden nun die Elemente der
mittleren Zone des metallischen Hohlzylinders
gleichzeitig von der Detonation erfaßt und
zur Achse hin beschleunigt. Dort werden
nun entweder durch die rasche Kompression
einer Gas-oder Damp↵üllung oder aber, bei
evakuiertem Hohlraum, beim Zusammentre↵en
der Wandelemente auf der Hohlraumachse hohe
Drücke und Temperaturen erzeugt.

Eine im Prinzip ähnliche Anordnung mit
zylindrischer Druckkammer B ist in der Fig.
12 dargestellt. Der Unterschied gegenüber
der im vorhergehenden beschriebenen besteht
erstens darin, daß hier die Druckkammer B an
ihren Grundflächen durch starke verdämmende
Metallplatten Me abgeschlossen ist, und
zweitens die Wellenfront bei der Detonation
durch linsenähnliche Sprengsto↵anordnungen,
beispielsweise aus Trinitrotoluol und Hexogen,
weitgehend einer Zylinderfläche angeglichen
wird. Die Zündführung Zf verläuft innerhalb
einer Packung aus inertem Material J .

When the two ignition branches meet, the inner
explosive double cone is then intensively ignited
along its basic line, at which the inert enclosure
is interrupted. By selecting the symmetrical
ignition branches from the two tips of the
double cone, greater uniformity is combined
with a particularly powerful introduction of
the ignition of the main body. At this time, the
elements of the central zone of the metallic hol-
low cylinder are simultaneously caught by the
detonation and accelerated towards the axis.
In this case, high pressures and temperatures
are generated either by the rapid compression
of a gas or steam filling or, in the case of an
evacuated cavity, when the wall elements meet
on the cavity axis.

A basically similar arrangement with a
cylindrical pressure chamber B is shown in
Fig. 12. The di↵erence compared to the one
described above consists, first, in that the
pressure chamber B is terminated at its base
surfaces by strong, damming metal plates Me,
and second the wavefront is largely matched to
a cylinder surface by detonation by means of
lens-like explosive arrangements, for example
from trinitrotoluene and hexogen. The ignition
guide Zf runs within a pack of inert material
J .
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Figure D.268: Figure from Schumann-Trinks patent application showing a cylindrical implosion
bomb.
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Walter Trinks. German patent DE977862. Vorrichtung nach Patent 977825 zur Be-
handlung von Material mit hohen Drücken und Temperaturen. Filed 13 August 1952.
[https://worldwide.espacenet.com/advancedSearch?locale=en EP]

Die Verformung und Beschleunigung der
Hilfsmasse erfordert eine beträchtliche En-
ergiemenge, die für die Druckerzeugung
innerhalb der Kammer verlorengeht. Es besteht
daher das Bedürfnis, diese Hilfsmasse aus
einem relativ leichten und plastischen Material
herzustellen, und es bewährte sich besonders
Aluminium.

Auch die Kammerwände kann man ganz
oder teilweise aus Aluminium herstellen. [...]

PATENTANSPRUCH:

Vorrichtung nach Patent 977 825 zur Be-
handlung von Material mit hohen Drücken und
Temperaturen, dadurch gekennzeichnet, daß
die durch die Detonation zu beschleunigende
Masse (und gegebenenfalls die Kammerwand)
aus Aluminium besteht.

The deformation and acceleration of the aux-
iliary mass requires a considerable amount of
energy which is lost for the generation of the
printer within the chamber. There is therefore
a need to manufacture these auxiliary materials
from a relatively light and plastic material, and
aluminum has proved particularly suitable.

The chamber walls can also be made en-
tirely or partly from aluminum. [...]

PATENT CLAIM:

Apparatus according to patent 977,825 for
the treatment of material with high pressures
and temperatures, characterized in that the
mass to be accelerated by the detonation (and,
if appropriate, the chamber wall) consists of
aluminum.

Walter Trinks. German patent DE977839. Vorrichtung nach Patent 977825 zur Erzielung
hoher Drücke und Temperaturen zwecks Einleitung mechanischer, thermischer oder
nuklearer Prozesse mittels einer gleichmaessig mit Sprengsto↵ belegten, die Reaktion-
skammer umschliessenden Hohlkugel. Filed 13 August 1952.
[https://worldwide.espacenet.com/advancedSearch?locale=en EP]

PATENTANSPRUCH:

Vorrichtung nach Patent 977 825 zur Be-
handlung von Material mit hohen Drücken und
Temperaturen, dadurch gekennzeichnet, daß
mehrere Kugeln mit von innen nach außen
zunehmender Wandstärke und Sprengsto↵bele-
gung ineinander angeordnet sind.

PATENT CLAIM:

A device according to patent 977,825 for
the treatment of material with high pressures
and temperatures, characterized in that a set
of spherical shells are arranged concentrically
with wall thickness and explosive material
increasing from the inside outwards.
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Erich Schumann and Walter Trinks. Patent DE977863. Vorrichtung zur Behandlung
von Material mit hohen Drücken und Temperaturen. Filed 13 August 1952.
[https://worldwide.espacenet.com/advancedSearch?locale=en EP]

Das Hauptpatent betri↵t eine Vorrichtung,
um Material zur Einleitung von mechanischen,
thermischen oder nuklearen Prozessen auf
extrem hohe Drücke und Temperaturen zu
bringen. Dabei sieht man eine geschlossene
Kammer für das auf die Drücke und Temper-
aturen zu bringende Material vor und belegt
eine jenem Material gegenüberliegende, selbst
nicht aus Sprengsto↵ bestehende Wand der
Kammer mit einem Sprengsto↵. Die Wand und
ihre Sprengsto↵belegung werden so ausgebildet,
daß die Wand durch den bei einer Detonation
des Sprengsto↵es auftretenden Druck auf das
genannte Material hin bewegt und in eine zu
dem genannten Material hin konkave Form
plastisch verformt wird.

Für die Freimachung von Atomenergie auf
der Uranbasis ist es von großem Nachteil, daß,
abgesehen von dem verhältnismäßig seltenen
Vorkommen der Uranerze, ein ganz ungeheurer
Aufwand erforderlich ist, um das spaltbare,
nur mit ganz geringem Prozentsatz im Uran
enthaltene Isotop abzutrennen oder um das
ihm gleichwertige Plutonium zu gewinnen.

Bei diesem Sachverhalt ist es von großer
Bedeutung, daß außer den Spaltungen der
wenig stabilen schweren Kerne, z.B. des Uran
235 oder des Plutoniums, noch andere Kern-
prozesse existieren, bei denen ebenfalls große
Energiebeträge frei werden, wobei jedoch die
Ausgangsprodukte dieser Prozesse viel häufiger
vorkommen und mit verhältnismäßig geringem
Aufwand, z.B. aus Wasser, rein dargestellt
werden können.

Es handelt sich hier im Gegensatz zu den
Spaltprozessen der schweren Kerne, welche am
Ende des periodischen Systems der Elemente
stehen, um Reaktionen zwischen den Kernen
der leichtesten Elemente, z.B. leichter und
schwerer Wassersto↵, Lithium, Beryllium und
Bor. [...]

The main patent relates to a device for bring-
ing material to extremely high pressures and
temperatures to initiate mechanical, thermal
or nuclear processes. In this case, a closed
chamber is provided for the material to be
subjected to the pressures and temperatures,
and a wall of the chamber, which is opposite to
the material, is exposed to an explosive. The
wall and its explosive coating are formed in
such a way that the wall is moved towards the
said material by the pressure occurring upon
detonation of the explosive and is plastically
deformed into a concave shape towards the said
material.

For the liberation of atomic energy on the
basis of uranium, it is a great disadvantage
that, apart from the relatively rare occurrence
of the uranium ores, a tremendous e↵ort is
required to produce the fissionable, separable
small percentage of the isotope contained in the
uranium or to obtain the equivalent plutonium.

In this state of a↵airs it is of great im-
portance that, besides the fission of the less
stable heavy nuclei, for example uranium 235
or plutonium, other nuclear processes also
exist in which large amounts of energy are
also released, but the starting products of
these processes are much more common and
are produced with relatively little e↵ort, for
example from water.

Here, in contrast to the fission processes
of the heavy nuclei, which are at the end of
the periodic table of the elements, in order to
establish reactions between the nuclei of the
lightest elements, for example light and heavy
hydrogen, lithium, beryllium and boron. [...]
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Temperaturen und Drucke der erforderlichen
Höhe lassen sich experimentell und kurzzeitig
mit sprengphysikalischen Mitteln erreichen
und zur Einleitung und Durchführung von
Atomkernreaktionen verwenden, wenn man die
in dem Patent 977 825 beschriebenen Vorrich-
tungen zur Erzeugung höchster Drücke und
Temperaturen nutzbar macht.

[...] Eine andere Form der Druckkammer
besteht gemäß Fig. 4 in einer mit der zu
behandelnden Substanz angefüllten, in brisan-
ten Sprengsto↵ Sp eingebetteten Hohlkegel
B, beispielsweise aus Eisen, Kupfer, Zink,
Aluminium, Blei, Wolfram, Graphit od. dgl.,
deren Wandung gleichzeitig als zu beschleuni-
gende Hilfsmasse dient. Die Schrumpfung des
Innenraumes bei gleichzeitiger Zündung der
auf der Oberfläche der Sprengsto↵umhüllung
angeordneten Zünder Z macht das Auftreten
enormer Beschleunigungen verständlich.

Zur Glättung der Detonationsfront und zur
Anpassung derselben an die Außenoberfläche
der Kugel in der Umgebung der einzelnen
Zündstellen können auch hier Linsen aus
Sprengsto↵en mit verschiedenen Detonations-
geschwindigkeiten angeordnet sein.

Zur Verlängerung der Einwirkungszeit können
zwei oder mehrere der Hohlkugeln ineinan-
dergeschachtelt sein, wobei Wandstärke und
Sprengsto↵belegung der jeweils folgenden
äußeren Hohlkugel stärker dimensioniert sind
als diejenigen der jeweils vorhergehenden
inneren Hohlkugel. [...]

Wird z.B. 1⁄2 Kubikmeter schweren Wasserstof-
fgases vom Anfangsdruck 0,1 at, das sind rund
9 g, nach den Reaktionsgleichungen

Temperatures and pressures of the required
magnitude can be obtained experimentally and
for short times by explosive-physical means and
can be used to initiate and carry out atomic
nuclear reactions if the devices described in
patent 977,825 are used to generate the highest
pressures and temperatures.

[...] According to Fig. 4, another form of
the pressure chamber consists of a hollow
cone B, which is filled with the substance
to be treated and is embedded in explosive
explosive Sp, for example of iron, copper, zinc,
aluminum, lead, tungsten, graphite or the like,
at the same time serves as an auxiliary mass
to be accelerated. The shrinkage of the interior
while simultaneously igniting the detonator
Z located on the surface of the explosive
envelope makes it possible to achieve enormous
accelerations.

For smoothing the detonation front and
adapting it to the outer surface of the ball in
the vicinity of the individual ignition points,
here, too, lenses of explosives with di↵erent
detonation velocities can be arranged.

To prolong the exposure time, two or more of
the hollow spheres can be nested within each
other. Both the wall thickness and the thickness
of the explosive liner of the next outer hollow
sphere must be shaped larger than those of the
preceding inner hollow spheres. [...]

For example, 1⁄2 cubic meter of deuterium
gas with the initial pressure 0.1 atmosphere,
which is about 9 g, according to the reaction
equations becomes

2
1D + 2

1D = 3
2He + 1

0n + 3.3 MeV (D.4)

und and

2
1D + 2

1D = 3
1H + 1

1H + 4.0 MeV (D.5)
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[...] Ferner ist zu beachten, daß bei den dann
erreichten hohen Temperaturen auch andere
Kernprozesse genügend wahrscheinlich werden,
so daß sie mit zur Energieerzeugung herange-
zogen werden können.

Bei Anwesenheit von Protonen wird z.B.
auch die sehr energiereiche Reaktion

[...] It should also be noted that, in the case
of the then high temperatures, other nuclear
processes become su�ciently probable so that
they can be used for the generation of energy.

In the presence of protons, for example,
also the very energetic reaction

3
1Tr + 1

1H = 4
1He + 20 MeV (D.6)

stattfinden, welche nach den Deuteronen-
prozessen die wahrscheinlichste Kernreaktion
ist, oder bei Anwesenheit von Lithium die Reak-
tionen

takes place, which is the most probable nuclear
reaction after the deuteron processes, or the re-
actions in the presence of lithium

7
3Li + 1

1H = 2 4
2He + 17 MeV (D.7)

und and

6
3Li + 2

1D = 2 4
2He + 22.5 MeV (D.8)

sowie just as

7
3Li + 2

1D = 2 4
2He + 1

0n + 15 MeV (D.9)

welch letztere wiederum Neutronen befreit.

Die Deuteronenprozesse spielen dann ver-
gleichsweise die Rolle des leicht entzündlichen
Zündholzes, das die schwerer entzündlichen
Brennsto↵e anzündet.

Diesem Umstand kann man gemäß der
Erfindung dadurch nutzbringend Rechnung
tragen, daß man zugleich mit der Füllung der
anzuwendenden Druckzellen mit Wassersto↵,
insbesondere schwerem Wassersto↵, andere
leichte Elemente, z.B. Lithium, Beryllium, Bor
oder auch leichten Wassersto↵ als Elemente
oder in Form von chemischen Verbindungen an
der Innenwand der Druckzellen oder auch in der
Wand der Druckzellen, durch dünne Schichten
vom Innenraum getrennt, zur Anwendung
bringt. So empfiehlt sich beispielsweise die
Verwendung von schwerem Lithiumhydrid
(LiD).

which in turn liberates neutrons.

The deuteron processes then play compar-
atively the role of the highly flammable match
that ignites the heavy flammable fuel.

According to the invention, this circum-
stance can be taken advantage of by virtue
of the fact that, at the same time as the
filling of the pressure cells to be applied with
hydrogen, in particular heavy hydrogen, other
light elements, for example, lithium, beryllium,
boron or also light hydrogen as elements or in
the form of chemical compounds on the inner
wall of the pressure cells or also in the wall
of the pressure cells, separated from the inner
space by thin layers. For example, the use of
heavy lithium hydride (LiD) is recommended.
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Insgesamt wird so die Befreiung eines En-
ergiebetrages möglich, der die zur Einleitung
dieser Kernreaktionen aufzuwendende chemis-
che Energie des Sprengsto↵es (ungefähr 1016

erg) sehr beträchtlieh überschreitet.

Auch die bei der einen der D-Kernreaktionen
frei werdenden Neutronen können zur weiteren
Befreiung von Energie herangezogen werden.
Die Reaktion

In general, the liberation of an energy supply
is possible, which greatly exceeds the chemical
energy of the explosive (about 1016 erg) to be
expended for the initiation of these nuclear
reactions.

The neutrons released in one of the D nu-
clear reactions can also be used to further
release energy. The reaction

6
3Li + 1

0n = 3
1Tr + 4

2He (D.10)

würde z.B. auf Grund der Massenbilanz die
Energie von 4,7 MeV befreien, oder die
entsprechende Reaktion mit Bor

would, for example, free the energy of 4.7 MeV
on account of the mass balance, or the corre-
sponding reaction with boron

10
5 B + 1

0n = 7
3Li + 4

2He (D.11)

würde ungefähr 3 MeV freisetzen.

Ferner kann man die bei der Deuteronen-
reaktion frei werdenden Neutronen dazu
benutzen, die Spaltung des U235 in dem
natürlichen Uran, also dem gewöhnlichen
Isotopengemisch, vorzunehmen.

Wenn die Innenwand der das Deuterium
enthaltenden Druckzelle mit einer genügend
starken Graphitschicht ausgekleidet wird,
auf die eine Schicht Uran folgt, werden die
frei werdenden Neutronen mit sehr hohem
Energiegehalt auf thermische Neutronen abge-
bremst, ehe sie die Uranschicht erreichen. Dort
werden sie dann nicht vom U238 eingefangen,
sondern können an dem U235 die Spaltung
hervorrufen. Man müßte dann nur, wie in
allen Fällen, in denen die frei werdenden
Neutronen herangezogen werden sollen, durch
eine geeignete Außenhülle der anzuwendenden
Druckzellen ein Entweichen nach außen verhin-
dern, ähnlich wie dies bei den Atombomben
durch den sogenannten “Tamper” geschieht.

would release about 3 MeV.

Furthermore, the neutrons liberated in the
deuteron reaction can be used to carry out the
fission of U235 in natural uranium, that is, the
ordinary isotope mixture.

When the inner wall of the pressure cell
containing the deuterium is lined with a su�-
ciently strong graphite layer followed by a layer
of uranium, the liberating neutrons with a very
high energy content are decelerated to thermal
neutrons before they reach the uranium layer.
There they are not caught by the U238, but
can cause the fission of the U235. As in all
cases in which the neutrons which are liberated
are released, it is only necessary to prevent
the escape from the outside by means of a
suitable outer shell of the pressure cells to be
applied, similar to that of the atom bombs by
the so-called “tamper.”
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Man kann auch die frei werdenden Neutronen
aus den D-Kernreaktionen zunächst zu einer
unmittelbaren Temperatursteigerung im Zen-
trum der Druckzelle benutzen, indem man dort
eine winzige Menge Cadmium anbringt, welches
die Neutronen unter Erhitzung absorbiert.

Wesentlich wichtiger als die Befreiung von
Atomenergie zu militärischen Zwecken ist die
Herstellung und Verwendung von Neutronen
für friedliche Aufgaben.

Auf die Bedeutung und die große Inten-
sität der bei der Umsetzung von Deuterium
entstehenden Neutronenstrahlung wurde bere-
its weiter vorn hingewiesen. Hier sei nur noch
hinzugefügt, daß selbst, wenn mit Hilfe des
beschriebenen Verfahrens nur eine Temperatur
von 2 Millionen Grad erreichbar wäre, aus nur
2 g schwerem Wassersto↵ während 1 zehn-
tausendstel sec nach den Resultaten von Bethe
sowie Gamow und Teller ungefähr 3 · 1021
Neutronen frei gemacht werden, was etwa
1018 Curie bzw. einer Radium-Berylliumquelle
von rund 1 Milliarde kg entspricht. Eine
starke Hochspannungsanlage würde 350 Jahre
benötigen, um diese Neutronenmenge zu erzeu-
gen.

Derartige Neutronenintensitäten sind bisher
nur in den “Uran-piles” beobachtet worden.
Ihre Erzeugung erfordert dort jedoch einen
unvergleichlich größeren Aufwand, als er bei
dem vorgeschlagenen Verfahren erforderlich ist.

PATENTANSPRÜCHE:

1. Vorrichtung nach Patent 977 825 zur
Behandlung von Material mit hohen Drücken
und Temperaturen, dadurch gekennzeichnet,
daß die Wandung der Wassersto↵, insbesondere
schweren Wassersto↵, enthaltenden Druckzelle
leichte Elemente, wie Lithium, Beryllium, Bor
oder leichten Wassersto↵ als Element oder in
gebundener Form aufweist.

It is also possible to use the free neutrons from
the deuterium nuclear reactions for a direct
increase in temperature at the center of the
pressure cell by applying a minute quantity
of cadmium which absorbs the neutrons while
heating.

Essentially more important than the liber-
ation of nuclear energy for military purposes is
the production and use of neutrons for peaceful
tasks.

The importance and the great intensity of
the neutron radiation generated during the
reaction of deuterium has already been pointed
out before. In this case, it should be added that
even if, by means of the method described,
only a temperature of 2 million degrees is
attainable, from only 2 g of heavy hydrogen is
formed during one ten-thousandth of a second,
according to the results of Bethe, and Gamow
and Teller, approximately 3 · 1021 neutrons,
which is about 1018 Curie, or corresponding to
a radium-beryllium source of around one billion
kg. A strong high-voltage system would take
350 years to produce this neutron quantity.

Such neutron intensities have hitherto been
observed only in “uranium piles.” However,
their production requires an incomparably
greater e↵ort there than is required in the
proposed method.

PATENT CLAIMS:

1. Apparatus according to patent 977,825
for the treatment of material with high pres-
sures and temperatures, characterized in that
the wall of the pressure cell containing hydro-
gen, in particular heavy hydrogen, has light
elements, such as lithium, beryllium, boron or
light hydrogen as element or in bound form.
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2. Vorrichtung nach Anspruch 1, dadurch-
gekennzeichnet, daß die leichten Elemente die
Innenwand der Zelle bedecken.

3. Vorrichtung nach Anspruch 2, dadurch
gekennzeichnet, daß die leichten Elemente
durch eine dünne Schicht abgedeckt sind.

4. Vorrichtung nach Anspruch 1 oder fol-
genden, dadurch gekennzeichnet, daß die
Wand wenigstens teilweise aus Uran, insbeson-
dere natürlichem Uran, besteht.

5. Vorrichtung nach Anspruch 4, dadurch
gekennzeichnet, daß das Uran durch Graphit
abgedeckt ist.

2. Device according to Claim 1, characterized
in that the light elements cover the inner wall
of the cell.

3. Device according to Claim 2, character-
ized in that the light elements are covered by a
thin layer.

4. Device according to Claim 1 or the fol-
lowing, characterized in that the wall is at
least partly of uranium, in particular of natural
uranium.

5. Device according to Claim 4, charac-
terized in that the uranium is covered by
graphite.

Top Secret Cable from Warsaw to Secretary of State. 7 March 1946 [NARA RG 77,
Entry UD-22A, Box 160, Folder 205.2 Cables Incoming, Top Secret]

[As shown on p. 3768, this cable quoted a “capable young engineer” in Poland as stating that
atomic bomb case designs use a layer of cadmium, apparently based on his personal experience in
the wartime German program. That detail is highly consistent with the bomb descriptions given
by Schumann and Trinks (above) and also by Ilyichev (p. 3789).]
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Kurt Diebner. UK Patent 841,387. Thermonuclear Reactions. Filed 30 November 1956.

The present invention consists in a method for the ignition of the thermonuclear fuels deuterium
and tritium, to initiate thermonuclear reactions, wherein converging compression shock waves are
produced in a hollow body by solid or liquid explosives, the generation of high temperatures in the
centre of convergence of the shock waves being combined with an increase of temperature generated
by concentrated electrical discharges in the fusionable nuclear fuels so that the temperature raising
e↵ects are superimposed and temperatures necessary for fusion processes are produced at the centre
of the converging shock wave. [...]

In carrying the invention into e↵ect according to one convenient mode by way of example, reference
1 (figure 1) denotes an explosive body of spherical shell shape provided with two openings in the
shape of a truncated cone, in which a spherically shaped high pressure container 5 is embedded for
the uptake of the deuterium 2, perhaps in gaseous form under very high pressure. The spherically
shaped high pressure container can however also be dispensed with, and the deuterium can be
incorporated directly under pressure into the explosive material. The explosive body 1 can be
surrounded by a further spherical shell 6, which tamps the explosive body towards the outside.
Two insulated electrodes, for example lithium (lithium 6), between which an electric arc 4 can
burn, are introduced into the high pressure container 5. For this purpose the electrode material
should have a low nuclear charge number and be as thin as possible in order to maintain at a
low level the larger proton reflection with its related higher nuclear charge number. Lithium 6 is
furthermore particularly suitable because with it tritium is formed in the thermonuclear combustion
process.

An example is shown in Figure 2 of an electric connection for the electric arc and the connected
condenser, in which C represents a condenser. S is a suitable switch which can connect the condenser
to the electric arc. V is the voltage source for the electric arc 4. The release of the thermonuclear
reaction in the deuterium gas 2 is now to proceed as follows:

The explosive material is so ignited at the boundary surface between 6 and 1, that a converging
shock wave results, which after exceeding the boundary surface 5, runs towards the centre of the
electric arc 4, and there contributes to an increase of the temperature of the already burning electric
arc. The electric arc burns thereby in a gas of high pressure, so that under these circumstances it
can already operate on its own at temperatures of the order of 10,000 degrees and more.

The height of the temperature to be reached in the moment when the shock wave reaches the centre
of convergence 4, depends amongst other things on the geometry of the arrangement, and on the
explosive material used (trinitrotoluol or hexogen or others). It also depends on whether a high
pressure container 5 is used, and the material from which it is composed, as well as finally on the
temperature, power and shape of the electric arc.
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Figure D.269: Figures from Kurt Diebner’s U.K. Patent 841,387.
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When the shock wave has reached the centre of convergence, further suitable measures are provided
according to Figure 1, which permit further considerable heating of the gas (plasma) which is
under the highest pressure and which has thereby become highly conductive. Because of this in
the example provided, a further additional heating of the deuterium by the electric spark follows,
directly before the compression shock reaches in its last phase the centre of convergence. Through
this combination of the various methods in an appropriate sequence it is possible to attain the
highest temperatures during the arrival of the shock wave in the centre of convergence. A further
condition is that the electrodes are still active at the moment of the setting in of the discharge.
Since it is an electrical process which is being dealt with, when the condenser C which has been
charged with high voltage is suddenly discharged, and since on the other hand the deuterium gas
in the electric arc 4 is already extensively pre-ionised, it is possible to add at least partially, to
the convergence centre, the energy accumulated in the condenser. Furthermore, at the moment
of connecting the condenser, because of the magnetic e↵ects in the discharge path, an adiabatic
contraction of the highly ionised plasma in the sense of the pinch-e↵ect takes place, which has the
e↵ect of raising the temperature. In the given circumstances it is merely a question of the amount
of energy accumulated in the condenser and which is available for the continuation of the working
process, and the temperature in the convergence centre 4 can be increased additionally to such an
extent, that the added energy is great enough to allow the thermonuclear ignition of the deuterium
gas to take place.

Kurt Diebner. 1962. Fusionsprozesse mit Hilfe konvergenter Stosswellen—einige ältere
und neuere Versuche und überlegungen. Kerntechnik 4:3:89–93.

[See pp. 3637–3638.]


