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Key points

 Kazakhstan is to resume industrial-diamond production using refurbished Soviet-era
technology, including a giant explosive containment sphere near the village of Azgir, western
Kazakhstan

 The rediscovery of the sphere and its industrial reuse is the latest instalment in its long story,
as the Azgir sphere and its counterparts have been wrongly implicated in several intelligence
estimates including its use in a Soviet directed energy weapon programme

 Proliferation fears were furthered by the spread of former Soviet scientists and their nuclear
know-how, particularly when the IAEA reported similar containment vessels in Iran

Executive summary

In November 2013, Kazakhstan announced that it would begin producing artificial industrial
diamonds through the compaction of graphite with high explosives. The site chosen is a huge 12m
diameter steel sphere near the village of Azgir, western Kazakhstan.

Originally built in 1980, the sphere was to contain large conventional-explosive events for the
Arzamas-16 nuclear weapons laboratory (The All-Russian Research Institute of Experimental
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Physics RFNC - VNIIEF), sited in present-day Russia. Two essentially identical spheres were built
to study contained explosive experiments although one additional use was to produce artificial
diamonds for industry. The location of the second sphere, however, is unknown.

The history of this sphere, and others like it, is coloured by US military fears that they were related
to Soviet nuclear-driven directed energy weapons. Further controversy stems from the potential
proliferation of nuclear know-how and the association of Soviet scientists responsible for explosive
compaction with Iran's nuclear programme. The dual-use nature of this knowledge means it could
potentially contribute to the development of nuclear weapons, and in November 2011 the IAEA
linked a similar testing chamber to the potential military dimensions of Iran's nuclear programme.

Imagery summary

Please click here for the PDF of the imagery featured below.

Please note that the imagery is not geo-enabled.

Directed Energy Weapons fears: 1970s-1980s

In the 1970s, the US Department of Defense became concerned about Directed Energy Weapons
(DEW), believing that the tremendous energy released by a nuclear weapon could be harnessed
and turned into a weapon. While only a theoretical device, should the energy be focused into a
beam and directed, it could potentially be used as a potent anti-satellite weapon or missile defence
system. During the Cold War, this would have the potential to negate the US ability to attack the
USSR or its allies, altering the strategic balance between the two super powers.

A chief proponent of arguments that the Soviet Union was developing DEWs was US Air Force
Major General George Keegan, Director of US Air Force Intelligence from 1972 to 1977. Keegan
frequently testified to Congress about this potential threat and worked with the nuclear weapons
laboratories, particularly the Lawrence Livermore National Laboratory, and to a lesser extent Los
Alamos, to study their feasibility. One of his strongest arguments to fund US research on DEW
was his use of satellite imagery intelligence to highlight several installations in the Soviet Union.
His primary concern was a facility at the Semipalatinsk nuclear weapon test site in North Eastern
Kazakhstan. Keegan's ideas at the time were popularly characterised as "a death beam gap."

Semipalatinsk spheres

Satellite imagery, highly classified at the time, revealed that the Soviet Union was emplacing at
least two spheres, estimated to be 18 m in diameter, into the ground at a large industrial facility at
Semipalatinsk, eastern Kazakhstan. This was named Unidentified Research and Development
Facility 3 (URDF-3) by the CIA.

The hypothesis put forward by Keegan and others such as Edward Teller, known colloquially as
"the father of the hydrogen bomb", was that small nuclear explosions would be contained in these
massive underground spheres. It was argued that the energy from these explosions would be
used to pump 'nuclear laser beams'. Imagery leaked to the media in 1977 added further pressure
to US decision-makers and Teller's work eventually led to Project Excalibur, the US' own DEW
programme, which ran from the late 1970s until the late 1980s.

The characterisation of the spheres was misguided, as it was later proven after the fall of the
Soviet Union. During a 1992 visit, American scientists were shown the entire site in Kazakhstan,
now called the Baikal-1 facility, who confirmed the site was related not to nuclear weapons
development, but to the former Soviet nuclear rocket programme.
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Assembled in place and then surrounded by concrete for support, the spheres were placed
underground in the 1970s and are no-longer visible. Instead of channelling blast energy, they
contained liquid hydrogen intended to be the working fluid for nuclear rocket engines under
development at URDF-3, and were actually relatively weak in their construction.

Their purpose as hydrogen containers was not clear from the imagery available to Keegan at the
time of his analysis, although at the same time, the US was also testing nuclear rockets on its
Nevada Test Site, the main US continental test site for nuclear weapons, using huge amounts of
liquid hydrogen for the fuel. Although the containers at URDF-3 were only liquid hydrogen
containers and not designed to contain explosions, unlike the sphere at Azgir, their presence
sparked a lengthy intelligence community battle.

DigitalGlobe imagery shows the Yava-1M explosive containment test complex near Azgir,
Kazakhstan (© 2013 DigitalGlobe / IHS)

1535876

Journey to Azgir

In the early 1980s, US Air Force intelligence observed another sphere being built at the Sevmash
shipyard, Severodvinsk. From here the sphere was transported from the Arctic across the White
Sea and down the Volga canal system to the Russian town of Kharabali. An object this size being
moved to a nuclear test site attracted a great deal of attention in the classified intelligence
community.
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The Azgir sphere was fabricated in the Arctic at the Severodvinsk Naval Shipyard and then floated
via the sea, canals and rivers to a river bank in Russia (Unknown authorship)

1534465
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Four large military trucks in tandem pulled the sphere over 100 km overland to the Azgir nuclear
test site (Unknown authorship)

1534466

The sphere convoy arriving at the Azgir test site in a cloud of dust (Unknown authorship)
1534467

From Kharabali, it was trucked approximately 100 km overland to the small Azgir test site. Azgir,
formally known as Galit, was already of considerable interest to Western intelligence agencies.
This is because the area is located above salt bed formations where Soviet engineers had
detonated nuclear explosions. Inside the large underground cavities, other nuclear explosive
devices could also be detonated although when detonated inside a cavity, the seismic signal is
decreased. This is known as decoupling since detonating the explosive in a large void 'decouples'
the blast from the earth to lower the yield signature. During the Cold War the possibility of
decoupling was a serious intelligence concern, since it could enable a party to get around test ban
treaty thresholds by masking the actual yield. Decoupling can work in any kind of cavity, such as a
mined room, but the salt cavities were convenient for these experiments.

Given that the sphere was being placed in a nuclear weapons test site, it was logical to believe
that it could be a container for nuclear explosions, such as for DEW. Alternative uses, however,
could be for improved diagnostics under controlled conditions or, seeing that containers also allow
you to recover debris and analyse what you make, could have industrial uses such as
nano-diamond production. The Soviet Union also experimented with the idea of producing
electricity by detonating small contained nuclear explosions repetitively and using the heat
produced to make steam and drive turbines. The US also briefly considered similar schemes, such
as the Pacer programme, which was designed to heat up the ground so circulated water could turn
to steam and run turbines.
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The Azgir sphere is massive and heavy. With a 12 m diameter and walls 100 mm thick it was
designed to contain a high explosive yield of up to one tonne. With a volume of 905 m3, the sphere
is of a considerable size and according to the VNIIEF website, the Azgir sphere and its supporting
mechanism weighed 700 tonnes. It was finally commissioned in 1986, after Keegan's retirement
from the US Air Force, and used until about 1991. As of mid-2014, the VNIIEF clearly specifies
that the sphere was a test device for containment studies and that it was used to produce
diamonds by explosive compaction. The site is called Yava-1M (sometimes written Java),
alternatively 13YA.

The sphere just prior to emplacement. Note the 8 axles on each half of the transporter (Unknown
authorship)

1534468

Israeli firms have a commercial interest in recent Kazakh plans to produce industrial grade
diamonds. According to the Israeli Diamond Industry trade group, the sphere (without the
supporting mechanism) weighs 450 tonnes and is emplaced in a pit 24 m in diameter and 24 m
deep. Once the sphere was emplaced a bridge structure, still visible in satellite imagery, was built
over it.

The pit with the sphere emplaced at Azgir is clearly visible in this satellite image.
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DigitalGlobe imagery shows the explosive containment sphere test area at the Yava-1M test
complex in Kazakhstan (© 2013 DigitalGlobe / IHS)

1535877

Final emplacement of the sphere in a 24 m diameter pit as described by the Israeli Diamond
Industry and matching the satellite imagery (Unknown authorship)

1534469

Misunderstandings
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In 2007, Tokhtar Aubakirov, a former Kazakh astronaut and parliamentarian claimed that there
was an unexploded Soviet nuclear test device at Azgir. His claims sparked a flurry of interest in the
site, with a US diplomatic cable, published by Wikileaks. The cable, dated 21 February 2007,
explains "[Aubakirov] created a short-lived controversy by alleging that there was an unexploded
nuclear device lying unguarded on the "Azgir" test range in western Kazakhstan. The new Deputy
Minister of Energy and Mineral Resources threw fuel on the fire when he confused Azgir with the
Semipalatinsk test range and referred to trilateral efforts with Russia and the U.S.". According to
the cable, published by Wikileaks, the Kazakh Ministry of Energy and Mineral Resources, and the
Ministry of Foreign Affairs, later issued statements refuting the allegation, reaffirmed Kazakhstan's
status as a nuclear-free state and clarified that it was actually an explosive test facility and not a
bomb. On 15 February, Kazakhstan's Channel 31 clarified that the object Aubakirov referred to in
Azgir was actually a 12 m diameter metallic sphere which had formerly been used for the
production of artificial diamonds.

The Azgir sphere was used for high-pressure physics experiments and production of artificial
diamonds. No nuclear explosions were conducted inside the installation (Channel 31, Kazakhstan)

1430808

US experience

The US had similar experience with spherical containment chambers much earlier. The details of
the VORTEX sphere project have only been partially declassified, but in the period 1958 - 1961
the Lawrence Radiation Laboratory (LRL), now known as the Lawrence Livermore National
Laboratory, attempted to build a similar sphere for undefined experiments. LRL was the second of
two nuclear weapons physics laboratories in the US, the first being Los Alamos. The VORTEX
sphere was to be 16 feet in diameter (~5 meters), reusable and designed to contain an explosive
yield of about 135 kg of high explosive. Made by the Chicago Bridge and Iron (CB&I) works in Salt
Lake City, Utah, it was scheduled to be delivered to the Nevada test site in the early 1960s, the
sphere was made of T-1 or SA-285 steel which is particularly strong. In 1959, however, there was
discussion about limiting the yield to 68 kg of high explosive due to problems in preliminary tests.

The sphere was built and the progress reports on the project show that it was possible to weld
steel gores for this purpose, much like the steel gores at URDF-3. According to declassified
documents, the welding at CB&I was one of the more difficult tasks. The 2.5 inch thick steel walls
(63 mm) were difficult to radiograph and the success of the weld was dependent on the "art and
experience" of the welders. The VORTEX sphere had crushed ice as a shock absorption medium
and a canning and centrifuge system, possibly to remove industrial diamonds or other products of
the detonation. Unfortunately the ultimate disposition of the VORTEX sphere and complex of
buildings does not appear to have been made public.

Connections to Iran, V. V. Danilenko and VNIITF

In November 2011, the IAEA Safeguards Report on Iran noted that the Agency has "strong
indications that the development by Iran of the high explosives initiation system, and its
development of the high speed diagnostic configuration used to monitor related experiments, were
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assisted by the work of a foreign expert who was not only knowledgeable in these technologies,
but who, a Member State has informed the Agency, worked for much of his career with this
technology in the nuclear weapon programme of the country of his origin".

This individual was subsequently identified by Western diplomats close to the IAEA as Vycheslav
V Danilenko, a former Soviet nuclear scientist with experience in diamond production experiments
in containment spheres. Employed for many years at the Soviet nuclear weapons laboratory
VNIITF at Snezhinsk (aka Chelyabinsk-70) in the Ural Mountains south of Yekaterinburg,
Danilenko worked in the nuclear weapons programme, specialising in research into explosive
compaction phenomena, such as artificial diamond production. Following the layoffs at Snezhinsk
in the wake of the disintegration of the Soviet Union, he moved to Ukraine to try to establish a
commercial interest in artificial diamond production. There he attracted the attention of Iranian
clients and was recruited by Iran to be an advisor to their explosives programmes. The activities
alluded to by the IAEA stem from his work in Iran where he consulted on high explosive
techniques and even admittedly tried to help Iran build a much smaller, but still significant,
diamond production facility.

Concerns stem from the dual-use that explosive compression techniques may have, since they
can be used to compress fissile material in an implosion nuclear device. In the case of Danilenko,
the scientist's synthetic-diamonds business also had the potential to provide a plausible
explanation for contact with senior Iranian scientists. Danilenko has consistently denied that he
ever knowingly aided Iran's nuclear programme saying in 2011 that "I am not a father of Iran's
nuclear programme".

Danilenko's 2003 book, Sintez i Spekanie Almaza Vzryvom (Explosive Synthesis and Sintering of
Diamonds) features his work on artificial diamonds and precise descriptions of the Azgir sphere,
stating it was one of two similar chambers. He also provides photos of the 12 m sphere as it was
being emplaced at Azgir. Danilenko claims that the Yava sphere was successfully tested with up to
1,000 kg of explosive yield and other sources agree. He states clearly that he personally was
involved with experiments in a 12 m diameter sphere to produce artificial diamonds. He mentions
that a 145 kg of TG-40 explosive (RDX/TNT) experiment was done with his participation in Azgir's
sister sphere. The purpose of this experiment was to produce artificial diamonds in a "water shell".
The watershell water cooling could protect a chamber being used for other things as it reduces the
blast loading. This is completely consistent with the reference in the Khariton biography, and the
Israeli diamond industry brief.

Danilenko, however, does not speak of what became of the other sphere. Certainly satellite
imagery analysts would have been following Severodvinsk closely and would have noted two
shipments, although the fate of the second sphere is likely still classified.

Parchin

Despite being linked by the media to IAEA references to an explosive chamber at the Iranian
military factory site at Parchin, no commercially available satellite imagery is available that shows
a containment chamber at the Parchin site. Instead, a building has been identified whose roof
obstructs any potential view. The Parchin chamber is reportedly not a sphere, but has been
identified by the IAEA as a cylinder of roughly 19 m in length and 4.5 m in diameter. This would
give an approximate volume of 302 m3. Not only is this smaller than Azgir's volume of 905 m3, in
any testing chamber, it is the chamber's diameter that is the critical dimension for explosive
containment, the 4.5 m diameter is much smaller than Azgir's 12 m diameter.
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In his 2003 book, Danilenko claims he designed a chamber with a length of 19 m and 4.6 m in
diameter with a volume of 315 m3. He believed it could contain 70 kg of high explosive force.
These values are not wildly inconsistent and suggest that Danilenko would have been a very
valuable consultant to Iran given his experience with the Azgir diamond sphere. Although possibly
designed there is no evidence beyond the IAEA November 2011 report that the cylinder was ever
built, let alone installed at Parchin.

This Pressurized Water Reactor Vessel is roughly the same size as the chamber designed by
Danilenko during his time in Iran. Manufacturing it and transporting it are difficult industrial
activities for a developing economy such as Iran (All for Power)

1430809

Restarting Yava

In 2003, Kazakhstan began teaming with the Joint Institute for Nuclear Research (JINR) in Dubna
near Moscow, and VNIIEF was invited to join as well, to explore restarting the facility. The Yava
facility was idle from the early 1990s, probably due to the collapse of much of the Soviet research
infrastructure. The 10-year delay from 2003 until 2013 to restart Yava suggests a lack of
commitment on the part of the participants.

Any facility involved in very large high explosive experiments must be carefully maintained,
however, satellite imagery of the site indicates that the main components are completely exposed
to the weather. In addition, the production of artificial diamonds by explosive compaction is a
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complex process with numerous potential pitfalls, so it will be difficult for Kazakhstan to reactivate
this technology and rediscover these skills.

Long history of mistakes regarding explosives containment

It is clear that General Keegan placed far too much emphasis on satellite imagery and theoretical
weapon capabilities in his analysis of the spheres at Azgir and Semipalatinsk. Nevertheless, the
positioning of a massive sphere on a known subsidiary nuclear test site was a provocative signal
to imagery analysts in search of evidence of a Soviet DEW programme.

The apparent coincidence of spheres at two nuclear test sites in the USSR was seen by Keegan
and his advocates as evidence that the Soviet Union was actively pursuing DEW. In actuality,
neither set of spheres were connected to the Soviet nuclear weapons programme. The URDF-3
spheres at Semipalatinsk supported an extremely dangerous operation: testing powerful nuclear
propulsion prototypes with huge amounts of liquid hydrogen. The siting of the Baikal-1 rocket test
facility at Semipalatinsk was due to this hazardous nuclear engineering task and was in no way
related to the development of nuclear weapons.

Likewise, the Azgir sphere was emplaced in Kazakhstan because the Soviet VNIIEF nuclear
weapons laboratory owned the decoupling test site. Studies of the ability of the sphere to contain
large chemical explosions were one of its purposes. The hazards associated with this work made it
reasonable to site the sphere at this remote location, in much the same way that LRL placed its
VORTEX sphere at the Nevada Test Site.

The rediscovery of the sphere and its reuse for generating artificial diamonds is the latest
interesting intelligence lead. The now established certainty that the Azgir sphere was not related to
DEW is a lesson to be remembered. The confusion about containment vessels of the 1970s and
1980s should not be forgotten when analysing Kazakhstan and Iran today.
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