
“The future is just 
a thoroughly cleaned-up present”

Arkady and Boris Strugatsky, The Ugly Swans, 
Macmillan Publishing Co., Inc., New York, 1979

This brochure has been prepared by JSC Techsnabexport, which has been 
directly in charge of the Group of Contracts concluded 
under the HEU-LEU Agreement. It is not intended as 
a complete analysis of the results of the Agreement or as 
an evaluation of its historical importance. It is simply 
an attempt to lay out the key facts in the preparation and 
implementation of this unique Russian-American nuclear 
project for a wide audience.
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The HEU-LEU Agreement, which is to result 
in irreversible, transparent and economically 
efficient disposal of 500 tons of weapons-grade 
Russian uranium, is widely held to symbolize 
the end of the era of confrontation between 
the two major nuclear powers. The Agreement’s 
uniqueness lies not only on its subject, 
its impressive scale and unusually long-
term character, but also on its market-based 
implementation mechanism, which until then, 
had never been used in disarmament.

The U.S. Government was concerned about the risk of Russia’s control over its 
nuclear weapons weakening, as the country was hit by a severe economic crisis, 
so it sponsored a number of joint initiatives in the nuclear nonproliferation 
and nuclear security fields (Cooperative Threat Reduction Program, Material 
Protection, Control and Accounting Program, Nuclear Cities Initiative, etc.). 
Funds raised under these programs were undoubtedly an important source of 
financial support for the Russian nuclear industry, but they were far from 
sufficient to stabilize the situation. Faced with severe budget cuts, attempts by 
the Ministry for Atomic Energy of the Russian Federation (Minatom) to solve the 
funding problem unaided, through selling inventories of natural uranium likewise 
failed to yield the expected results. Releasing the nuclear material resulting 
from the reduction of strategic arms into commercial turnover was impossible 
since neither the technology nor market premises existed at the time. The crisis 
in Russia’s nuclear industry was rapidly deteriorating. However, an unexpected 
solution was at hand.

None of the agreements on the reduction of 
nuclear weapons made earlier by 
Moscow and Washington provided 
for the destruction of their 
arming. Nuclear warheads from 
the strategic nuclear delivery 
vehicles to be cut were sent for 
storage and later dismantled 
under an established schedule. 
Consequently, there was no 
reduction in the total amount of 
nuclear weapon materials, but 
the storage costs were rising 
continually. After the USSR 
collapsed, financing secure 
storage of Soviet nuclear weapons 
and their components, as well as 
their further reduction became 
even more difficult. 

ORIGINS 
AND BACkGROUND

Signed in Washington on February 18, 1993, 
the Agreement between the Government 
of the Russian Federation and the 
Government of the United States of 
America Concerning the Disposition of 
Highly-Enriched Uranium Extracted from 
Nuclear Weapons, which became a part 
of contemporary history as the HEU-
LEU Agreement or Megatons to Megawatts 
Program, has a special place in the 
system of international arms control 
and disarmament agreements.



REACHING 
AGREEMENTS For 20 years, under the HEU-LEU 

Agreement, Russia was to 
supply the United States 
with LEU obtained by 
downblending approximately 
500 tons of HEU extracted 
from dismantled warheads.

Unlike other joint projects 
in disarmament and nuclear 
nonproliferation which were chiefly 
funded by the U.S. Government during 
those years of economic difficulty 
in Russia, the HEU-LEU Agreement was 
originally based on the principle 
of “budgetary neutrality” (no cost 
to the state budgets of either 
country or to their taxpayers): 
HEU-derived LEU went onto the open 
market of nuclear fuel cycle goods 
and services through commercial 
contracts.

A market niche for the LEU derived from HEU was found by the American side, which 
excluded this LEU from the antidumping restrictions on Russian commercial uranium 
products and shut down one of the two uranium enrichment plants that used the 
inefficient gas diffusion technology.

HEU-LEU 
AGREEMENT

A substantive dialogue on the subject was 
launched at a meeting held in April 1992 
in Moscow between the Head of Minatom, Viktor 
Mikhailov, the President of the Russian 
Academy of Sciences, Yuri Osipov, and the 
American diplomat Max kampelman, who had led 
the U.S. delegation at the Soviet-American 
Nuclear and Space Arms Negotiations in Geneva 
in the late 80s.

1993

On October 24, 1991, The New York Times ran an article by 
a researcher of the Massachusetts Institute 
of Technology, Dr. Thomas Neff, titled A 
Grand Uranium Bargain proposing the transfer 
(downblending) of Russian highly-enriched, 
weapons-grade uranium (HEU) to low-enriched 
uranium (LEU) to be used as fuel for the American 
nuclear power plants. The idea was positively 
received by arms control experts and was 
supported by U.S. government circles.

By mid-1992, the concept of converting the uranium extracted from nuclear 
warheads into fuel for nuclear power plants had been approved by the 
Presidents of Russia and the United States. Negotiations on the conditions 
for processing Russian HEU and shipping LEU to the United States were 
completed on February 18, 1993, when the HEU-LEU Agreement was signed.



1993

THE HEU-LEU GROUP OF CONTRACTS: MAIN 
STAGES AND WAYS OF IMPLEMENTATION

Under the Contract, TENEX took on the 
obligation of supplying the United States 
with LEU derived from 500 tons of HEU before 
the end of 2013, and USEC undertook to accept 
this LEU, place it on the market, and pay for 
the separative work units (SWU) and the LEU 
feed component.

In April 1993, at the Russian-American summit
in Vancouver, the parties agreed on the basic
principles of a commercial contract signed later
by then Minister for Atomic Energy of the Russian
Federation Viktor Mikhailov and the U.S. Under 
Secretary of State Lynn Davis.

On January 14, 1994, a contract for the supply 
of HEU-derived LEU (the HEU-LEU Contract) was 
signed by JSC Techsnabexport and USEC.

1994
The following executive bodies were appointed to implement the HEU-LEU 

Agreement: on the American part – the U.S. Department of 
Energy, before the authority was transferred to the United 
States Enrichment Corporation (USEC); on the Russian part – 
Minatom and JSC Techsnabexport (TENEX), which was authorized 
to enter into commercial contracts under the Agreement.

The processing of HEU into LEU was 
carried out by five 
enterprises: FSUE PA Mayak, 
JSC UEIP, JSC SGChE, JSC PA 
ECP, and JSC AECC.

JSC SPb IZOTOP

HEU oxide
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material)
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LEU for exports

FSUE PA 
Mayak

JSC UEIP

Dismantling of nuclear ammunition, uranium scraps production, 
uranium oxidation
HEU oxide fluorination (conversion)
HEU blendstock production (enrichment of feed uranium up to 1.5% U235)
Downblending of HEU and producing LEU
Shipping LEU and receiving the LEU feed component returned from the 
United States
Placing the LEU feed component returned from the United States into 
inventory governmental storage facilities

Signing of the HEU-LEU Agreement by the 
two companies’ heads Albert Shishkin and 
William Timbers.
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JSC UEIP - Urals Electrochemical 
Integrated Plant located in 
the closed city of Novouralsk 
(Sverdlovsk-44), the world’s largest 
uranium enrichment enterprise

JSC PA ECP - Production Association 
Electrochemical Plant located in 
the closed city of Zelenogorsk 
(krasnoyarsk-45), a strategic 
uranium enrichment enterprise

JSC SGChE - Siberian Group of 
Chemical Enterprises located in the 
closed city of Seversk (Tomsk-7), a 
unique complex of nuclear fuel cycle 
production

JSC AECC - Angarsk Electrolysis 
Chemical Complex, a center of 
uranium conversion and enrichment

FSUE PA Mayak - Production Association 
Mayak located in the closed city of 
Ozersk (Chelyabinsk-40), the key 
center of the nuclear industry



THE HEU-LEU GROUP OF CONTRACTS: MAIN 
STAGES AND WAYS OF IMPLEMENTATION

Russian engineers developed technology enabling the use of HEU to produce LEU 
suitable for making fuel for commercial nuclear power reactors. Its central 
element, which made it possible to remove the U-236 isotope (“neutron poison”) 
and other impurities was the “slightly enriched” uranium blendstock for HEU from 
depleted uranium. The technology of producing a commercial grade product from 
HEU was patented both in Russia and in the United States. On February 20, 1996, 
the technologists Vitaly kornilov, Vyacheslav klimovskikh, Anatoly knutarev, 
Vadim Raev, Gennady Soloviev and Sergei Tjutrjumov of the Ural Electrochemical 
Integrated Plant received a U.S. patent for Invention No. 5492462, entitled 
“Method for the Production of Low-Enriched Uranium Hexafluoride from Highly-
Enriched Metallic Uranium”. All four enrichment facilities in Novouralsk, 
Seversk, Zelenogorsk, and Angarsk were involved in making the HEU blendstock. 
The blendstock technology went through regular upgrades: the latest patent was 
obtained by JSC AECC on April 20, 2013.

The HEU processing technology was of 
critical importance for 
the project’s economic 
efficiency.

Filled cylinders with HEU-derived 
LEU at the Port of St. Petersburg 
to be shipped to the United States.

Terminal of JSC SPb IZOTOP. Preparing cylinders with LEU 
for delivery to the Port of St. Petersburg.

1995

2000

The first shipment of LEU took place in May 1995. 
Sixteen 30B type cylinders with 
24 tons of LEU derived from 0.79 tons 
of HEU were shipped from the Port 
of St. Petersburg to the United States.

The maximum HEU downblending rate 
of 30 tons per year was achieved 
in 2000.



The initial mechanism for implementing the HEU-LEU Сontract – which, among other 
things, incorporated payments for Feed component as it was used for overfeeding 
or resold, but in no case later than 2013 – was based on the provisions of 
another major Russian-American deal, the Agreement Suspending Antidumping 
Investigation on Uranium from the Russian Federation, signed in 1992.

THE HEU-LEU GROUP OF CONTRACTS: MAIN 
STAGES AND WAYS OF IMPLEMENTATION

The original terms and conditions of the HEU-LEU Contract.

Minatom facilities:
• Processing of HEU into LEU
• Delivering LEU to the Port of St. Petersburg

Federal Budget 
or budgetary fund 
of Minatom

LEU derived from HEU

Compensation
of enterprises’ expenses

LEU derived
from HEU

LEU derived 
from HEU

$ for SWU
after delivery

$ 
for 
LEU

$ 
for 
the 
LEU feed
component 

NU

$ for SWU Natural 
uranium (NU)

$ for the LEU feed 
component (until 2013)

USEC:
Use of natural 
uranium for 
underfeeding of 
their plants or sale 
to third countries

TENEX:
• Signing and implementing of the HEU-LEU Contract with USEC
• Negotiating changes to the HEU-LEU Contract with USEC 
• Accepting packagings from USEC 
• Supplying LEU to USEC FOB St. Petersburg
• Receiving proceeds for the SWU and the LEU feed component
• Transferring proceeds to the Federal Budget

USEC:
• Accepting the LEU derived from HEU
• Selling SWU contained in LEU to utilities
• Receiving natural uranium (NU) from utilities at Paducah facility
• Using of NU for underfeeding of their plants or sale outside the United 
States, as the sale of NU within the United States is prohibited
• Paying for SWU contained in LEU after supply, and the LEU feed 
component during use or upon sale but no later than 2013

Utility companies - USEC customers:
• Acceptance of LEU derived from HEU from USEC
• Purchase and payment for SWU contained in LEU derived from HEU
• Transfer of customer-owned natural uranium to USEC at Paducah facility

The Suspension Agreement allowed for SWU contained in LEU to be sold in 
unlimited amounts to the United States for use in U.S. reactors. However, 
it did not permit the sale of the LEU feed component transferred to USEC by 
utilities in exchange for HEU-derived LEU (approximately one third of the total 
LEU value). This eventually resulted in the USEC accruing millions of dollars 
in debt for the Feed component contained in LEU deliveries, jeopardizing the 
implementation of the HEU-LEU Agreement.

In 1996, the U.S. Congress passed the USEC Privatization Act, under which the 
corporation was privatized and exempted from the obligation to pay for the LEU 
feed component by transferring to the Russian side the title to it within the 
United States starting 1997. The law also established a quota for the sale of 
a part of the LEU feed component in the U.S. market.

In 1997, USEC started transferring to the Russian side on the territory of the 
United States the equivalent of the LEU feed component, most of which could not 
be sold within the United States.

Beginning September 1996, TENEX entered into negotiations with several foreign 
companies about the purchase of the LEU feed component from Russia. This 
resulted in the signing of a Contract with the so-called Group of Western 
Companies (Cameco, Canada; Cogema, France; Nukem, Germany/USA) in March 1999.

In March 1999, Minatom and the U.S. Department of Energy signed the Agreement 
Concerning the Transfer of Source Material to the Russian Federation (the 
Transfer Agreement), which stipulated that the Russian Federation had the 
rights to return a part of the LEU feed component and to annually use up to 
2,580 tons of it for HEU downblending, as well as obligations to place the 
returned LEU feed component in a “monitored inventory” storage facility, 
supervised by the American side during the entire term of the HEU-LEU 
Agreement.

The unprecedented scale, complexity, and duration of the project objectively 
required periodic adjustments of the mechanisms of its implementation 
originally agreed upon by the parties.



THE HEU-LEU GROUP OF CONTRACTS: MAIN 
STAGES AND WAYS OF IMPLEMENTATION

The terms and conditions of the HEU-LEU Contract established in 1999.

Minatom facilities:
• Processing of HEU into LEU
• Delivering LEU to the Port of St. Petersburg 
• Accepting and storing the LEU feed component returned from the United States
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TENEX:
• Signing and implementing of the HEU-LEU Group of Contracts 
• Negotiating changes to the HEU-LEU Group of Contracts
• Accepting packagings from USEC
• Supplying LEU to USEC FOB St. Petersburg
• Receiving the LEU feed component from USEC via book-transfer at Paducah facility
• Selling the part of the LEU feed component from the territory of the United States
• Returning the unsold part of the LEU feed component from the United States 
to Russia
• Receiving proceeds for SWU and the LEU feed component
• Transferring proceeds to the Federal Budget 

State reserve of 
special feedstock and 
fissile materials

USEC:
• Accepting LEU derived from HEU
• Selling SWU contained in LEU to utilities 
companies
• Receiving natural uranium at Paducah 
facility from utilities
• Paying for SWU contained in LEU
• Transferring feed component to TENEX via 
book-transfer at Paducah facility

LEU feed component 
customers: the Group 
of Western Companies 
(Cogema/Areva, 
Cameco, Nukem) and 
a number of utility 
companies under 11 
separate contracts
•  Purchasing the LEU 

feed component via 
book-transfer at 
Paducah  facility

•  Monitoring of 
arrangements 
concerning the 
balance of the LEU 
feed component 
to be sold and 
returned to Russia

Participants of Feed 
return process to Russia: 
ConverDyn, USEC, Cameco, 
TLI
•  Filling the cylinders with 

the LEU feed component
•  Change the origin of the 

materials into Russian
•  Inland and river 

transportation of the LEU 
feed component across the 
United States

•  Transportation by sea to 
the Port of St. Petersburg

•  Transportation of the 
LEU feed component 
by rail to the Urals 
Electrochemical 
Integrated Plant

Amendment No. 8 of August 26, 1996, 
modified the original scheme of the HEU-
LEU Contract performance regarding the 
LEU feed component (instead of paying for 
the LEU feed component, USEC transferred 
to the Russian side the title to the 
equivalent of the LEU feed component 
within the United States).

Amendment No. 16 of February 21, 2002, 
established a market-oriented pricing 
mechanism for SWU instead of the 
previously agreed base price escalated 
mechanism.

Amendment No. 19 of February 13, 2009, 
defined a new pricing mechanism for SWU 
within the period of 2010-2013.

Amendment No. 20 of June 5, 2012, 
set the terms and conditions for the 
accelerated (no later than November 22, 
2013) completion of LEU shipments to 
ensure timely (no later than December 30, 
2013) importation into the United States 
of LEU derived from 500 tons of HEU, as 
stipulated by the HEU-LEU Agreement.

Amendment No. 4 of November 16, 2001, 
documented the conversion of the Western 
companies’ option rights to purchase 
the LEU feed component into their firm 
commitments.

Amendment No. 8 of April 29, 2004, 
documented the consent of Western Companies 
to waive their rights to purchase the LEU 
feed component already returned to Russia 
as well as fixed the amount of the LEU feed 
component for the direct sales by TENEX.

Amendment No. 9 of September 4, 2008, 
established a new pricing mechanism for 
the LEU feed component to be sold within 
the period of 2011-2013.

Utility companies - USEC customers:
• Acceptance of LEU derived from HEU from USEC
• Purchase and payment for SWU contained in
LEU derived from HEU
• Transfer of customer-owned natural
uranium to USEC at Paducah facility

The LEU feed 
component balance

The Governments of Russian Federation 
and the United States have 
approved a total of 
20 amendments to the HEU-LEU 
Contract and 9 amendments to 
the Contract with the Group 
of Western Companies.

kEY AMENDMENTS TO THE HEU-LEU CONTRACT

kEY AMENDMENTS TO THE CONTRACT WITH
THE GROUP OF WESTERN COMPANIES



MEGATONS
TO MEGAWATTS PROGRAM
Disposed ~ 20 000 nuclear warheads

Processed ~ 500 tons of HEU
enriched to not less than 90% U235 

Produced and supplied to the United States 

with the U235 assay in the range of 3.2-4.95%
~ 14 000 tons of LEU

The Russian side has been paid for 

  ~ 150 000 tons of LEU feed component
of which ~112 000 tons have been sold on the market

and ~38 000 tons have been returned to Russia

thus exceeding the original estimates of the Megatons

The aggregate revenue of the Russian side has reached

USD 17 billion,

to Megawatts Program value by almost 50%

Since 2000, Russian LEU supplies have been covering

~50% of the annual demands

Annual electricity production by the U.S. nuclear power plants using

~10% of total electric power 

Russian LEU has been used to generate a total of

~7 000 000 000 000 kW hour 
of electricity  

This amount would be enough to keep illuminated

Washington for ~ 185 years, 
the United States for ~ 2 years

~ 90 000 thousand SWU, has been compensated for

nuclear fuel from Russian LEU has reached

generation in the United States

of U.S. nuclear power plants
for uranium enrichment services



2013

“The HEU-LEU Agreement played an important role in 
the development of the Russian-American 
partnership, helped to dispose of a 
substantial amount of HEU derived from 
Russian nuclear weapons, and allowed for 
the establishment and implementation of the 
necessary transparency measures at sensitive 
nuclear facilities in both countries”*

With the final shipment of LEU dispatched from the Port of St. Petersburg to the 
Port of Baltimore, the Russian supply commitments are fulfilled. The Megatons 
to Megawatts Program, which is just moments away from becoming history, is sure 
to be studied for years to come. What is undeniable and pivotal here is that:

*From the Joint Statement of General Director of Rosatom State Atomic Energy 
Corporation Sergey kiriyenko and U.S. Deputy Secretary of Energy Daniel Poneman - 
co-chairs of the Nuclear Energy and Nuclear Security Working Group of the 
Russian-American Bilateral Presidential Commission, dated June 26, 2013.

“Reason is the ability to use the 
forces of the environment 
without destroying that 
environment”

Arkady and Boris Strugatsky, Roadside Picnic, 
Macmillan Publishing Co., Inc., New York, 1977


