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Figure 1.  The map of the Russian Feder-

ation below shows the nuclear facilities

where the United States and Russia have

begun to collaborate on the once forbid-

den subject of nuclear materials protec-

tion, control, and accounting.  In the 

photograph on the right, Russian 

workers transport nuclear 

materials to storage.

Nuclear proliferation and terrorism pose serious threats to
the United States.  Fortunately for us and the world at
large, nuclear weapons are difficult to obtain whether by

theft or by one’s own labor.  The five recognized nuclear weapons
states (United States, Russia, Britain, France, and China) guard
their nuclear weapons very tightly, and undeclared nuclear states,
compelled by their own secrecy, probably also protect their
weapons well.  Furthermore, most nations have formally agreed to
forego the development of nuclear weapons and to submit all their
nuclear activities to international inspection by signing the Nu-
clear Nonproliferation Treaty (NPT).

However, a number of states, as well as certain terrorist groups,
have shown interest in constructing their own weapons.  Their
greatest challenge is not designing the weapon but rather obtain-
ing weapons-grade “fissile materials,” either highly enriched ura-
nium or plutonium, neither of which exist in nature.  Because the 
production of those nuclear explosives requires a significant 
expenditure of time and money, potential nuclear weapons states
may prefer the alternative—obtaining the materials by theft.



Since the dissolution of the Soviet
Union in December 1991, that prospect
has become even more worrisome.
Economic decline and political unrest
within the former Soviet Union have
raised concern about the security of nu-
clear materials there, and reports of
small amounts of weapons-grade mater-
ial found in Ger-
many and other
places during the
past five years have
fed that concern.
As a result the
United States has
taken an active role
in helping the Rus-
sians maintain the
security of their nu-
clear materials.

Los Alamos sci-
entists became in-
volved in that ef-
fort in 1992 as part
of the Nunn-Lugar-
sponsored “govern-
ment-to-govern-
ment” programs
initiated immedi-
ately following the
collapse of the So-
viet Union.  But,
through an outgrowth of the “lab-to-
lab” scientific conversion program be-
tween Los Alamos and Arzamas-16, its
sister city in Russia, the program in nu-
clear materials protection, control, and
accounting—or MPC&A—has been
able to make substantial progress.  This
article traces the development and ac-
complishments of lab-to-lab MPC&A
and discusses the impact of that pro-
gram on the larger government-to-gov-
ernment program.

 

The History Behind MPC&A

During the Cold War, both the United
States and the Soviet Union accumulat-
ed enough weapons-grade fissile materi-
al to build tens of thousands of nuclear
weapons.  Both countries have also
been acutely aware of the various

threats of theft, which range from
armed attack by commandos to the
more insidious threat from insiders, and
both have implemented safeguards to
defend their fissile materials.  Yet, their
approaches have been very different.

In the United States, an external
threat—for example, an overt armed at-

tack on a nuclear facility or the hijack-
ing of a nuclear shipment in transit—is
countered by physical protection, such
as armed guards and high fences.  The
more subtle internal threat—covert di-
version or theft of nuclear materials—is
countered by internal control systems,
for example, computerized materials
control and accounting systems.  Those
consist of sophisticated radiation sen-
sors integrated with a network of com-
puters that monitor nuclear materials
from the moment they enter a facility to
the time they leave again.  Together,
the United States refers to those safe-
guards against external and internal
threats as MPC&A.

In the Soviet Union, however, both
external and internal threats have his-
torically been handled by physical pro-
tection combined with strong “people
control.”  Whereas most Soviet nuclear

facilities were surrounded by physical
security to deter and defend against ex-
ternal attackers, it was the “people con-
trol” that prevented theft by insiders.
The omnipresence of the KGB and the
threat of harsh penalties made clandes-
tine behavior among insiders unlikely.
That system, under the Soviets, was

considered virtually
impenetrable.

In recent years,
however, funda-
mental economic,
political, and social
changes in Russia
have put that sys-
tem into question.
When the Soviet
Union collapsed in
1991, weapons
funding plummeted
drastically as the
economy, rather
than the military,
came to the fore-
front of Russia’s
concerns.  Like-
wise, the welfare of
the formerly hon-
ored Soviet defense
workers was sud-
denly in serious

jeopardy.  Their salaries were frozen by
the government and eroded by inflation
such that, today, a typical weapons sci-
entist is paid about 30 to 50 dollars per
month.  Financial need and possible
disillusionment among Russian nuclear
workers might make the surreptitious
diversion of even a small amount of
weapons-grade fissile material all too
tempting.

Yet, thankfully, there have not been
any violations of Russian nuclear safe-
guards that resulted in the loss of
enough nuclear material for a weapon.
Although confident that their system re-
mains relatively secure, the Russians
want to add controls and accounting to
their existing physical protection to
bring their nuclear safeguards into line
with their new socio-political order.
Russian weapons scientists and govern-
ment officials alike have expressed in-
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From left to right, Vladimir Belugin, Sigfried Hecker, Radi Il’kaev, and Steven Younger

form the group that initiated the lab-to-lab MPC&A program.



terest in adopting controls and account-
ing techniques like those used in the
United States.

In November 1991, the Nunn-Lugar
bill redirected four hundred million dol-
lars of Department of Defense (DOD)
funds to assist with the “transportation,
storage, safeguarding, and destruction
of nuclear and other weapons [and] the
prevention of weapons proliferation.”
Two Nunn-Lugar programs specifically
funded MPC&A.  Under one program,
a storage facility for fissile materials
from nuclear weapons dismantled under
the Strategic Arms Reduction Treaties
(START I and II) would be constructed
and equipped with MPC&A systems.
Under the other, MPC&A improve-
ments would be implemented at civilian
Russian nuclear institutes.  Unfortunate-
ly, both of those programs initially
moved relatively slowly.

Fortunately, at the same time, some
of us from Los Alamos had the chance
to informally discuss many aspects of
MPC&A theory and design with the
Russian scientists from Arzamas-16.
Although the Russians were not famil-
iar with computerized controls and ac-
counting, they learned quickly, and our
conversations with the Arzamas-16 sci-
entists, especially Sergei Zykov and
Vladimir Yuferev, later formed the
basis of our joint work with Arzamas-
16 under the auspices of the lab-to-lab
MC&A program.

While our relationship with those
scientists was forming, numerous re-
ports of nuclear materials theft in 1992
and 1993 prompted the Senate Armed
Services Committee to address nuclear
materials safeguards in the former Sovi-
et Union and the potential for nuclear
proliferation.  Under Secretary of Ener-
gy Charles Curtis attended those hear-
ings and was urged to accelerate efforts
being made through government-to-
government channels.  Two days later
Sigfried Hecker, the Director of Los
Alamos National Laboratory, had an in-
troductory meeting with the newly ap-
pointed Curtis, and Curtis asked him if
anything could be done to help the Rus-
sians safeguard their nuclear materials.

Hecker had a ready answer.  He sug-
gested that the lab-to-lab scientific col-
laborations with Arzamas-16 (see “Lab-
to-Lab Scientific Collaborations
Between Los Alamos and Arzamas-16
Using Explosive-Driven Flux-Compres-
sion Generators”) be extended to in-
clude MPC&A.  Curtis made sure that
two million dollars from the Depart-
ment of Energy (DOE) 1994 budget
were allocated to get the program start-
ed, and Mark Mullen, Gene Kutyreff,
and I (Ron Augustson) began to devel-
op a plan.

We designed the lab-to-lab MPC&A
program to be a joint effort like the sci-
entific program.  Money would be di-
vided into three roughly equal parts:
Russian salaries, American salaries, and
equipment.  Our initial effort would
focus on creating a demonstration of
MPC&A for the officials at nuclear in-
stitutions that would show them what
could be done.  In June 1994, a small
delegation from Los Alamos went to
Russia to negotiate and sign contracts,
and our first stop was Arzamas-16.  In
two days, we signed six contracts with
Arzamas.  Under the first five, we
would produce specific products for
computerized controls and accounting.
Under the sixth, we would combine the
products of the first five contracts into a
demonstration that could be used to
raise interest in materials control and
accounting among the leaders of the
Russian nuclear institutes.

That summer we also signed con-
tracts with scientists from the Kurcha-
tov Institute, Chelyabinsk-70, and in
November, the Institute of Physics and
Power Engineering at Obninsk.  We
teamed up with five other U.S. national
laboratories—Brookhaven, Lawrence
Livermore, Oak Ridge, Pacific North-
west, and Sandia—and since then,
progress has been rapid at Arzamas-16,
IPPE, and the Kurchatov Institute.  In
the following sections, we describe the
work done at those three nuclear insti-
tutes, and using the demonstration at
Arzamas-16 as a guide, we elaborate on
the various features and procedures of
MPC&A.

Arzamas-16

Arzamas-16, a city located about 250
miles east of Moscow, existed in com-
plete secrecy throughout the cold war,
unheard of to all Soviet citizens outside
the Soviet defense complex.  Although
its name and location are now public
knowledge, Arzamas-16 remains a
closed city to this day.  Forty miles of
double fence surround the city and
armed guards from the Interior Ministry
patrol the perimeter.  Visitors to the
city are scrutinized and subjected to se-
vere restrictions.1 Physical protection
against outside threats is formidable.

To protect against insiders, however,
the scientists at Arzamas-16 wanted to
develop a materials controls and ac-
counting (MC&A) system like the one
we discussed during work on the Nunn-
Lugar storage facility.  For a start, we
decided to develop a realistic demon-
stration that would not only arouse the
interest of officials at other facilities,
but would also serve as a starting point
within Arzamas-16 from which the
MC&A could spread.  The demonstra-
tion was a very ambitious prototype
with many different components (see
Figure 2) that provides a test bed for
instruments and systems elements.  Al-
though it was designed as if it were to
be applied at a storage facility, the
demonstration was equipped with in-
struments that are useful for all sorts of
nuclear facilities.  (The demonstration
does not duplicate any system that will
actually be installed.)  In all, thirty-nine
integrated systems were installed, about
half of which were Russian.  We Amer-
icans contributed financial support, ad-
vice, and equipment, but the demonstra-
tion was designed and constructed
entirely by the Russians.

Nuclear facilities in general are run
by four different groups of people who
perform four different tasks: protection,
management, security, and materials

MPC&A
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1 Not only are visitors required to apply for per-
mission from MinAtom a month and a half in
advance of their visit, but all cameras, comput-
ers, and listening devices are taken away from
them as they enter the city.
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Figure 2.  The Arzamas-16 Demonstration
This is a conceptual diagram of the Arzamas-16 demonstration MC&A system.  Controls, which limit and monitor access to materi-

als, are shown in green, instruments for accounting in blue, and the three Materials Balance rooms in yellow.  All controls and ac-

counting equipment are connected to a computer terminal in each Materials Balance room, and the terminal is connected to the cen-

tral controls and accounting computers in the Manager’s office.  Bar code readers play a dual-role between controls and accounting.

Not only are they used to identify containers, they also track the movement of materials through the facility.



handling.  To promote control, the
workers are typically separated on the
basis of the task they perform.  The
protection forces work outside the facil-
ity.  Inside, managers are limited to the
Manager’s Office, while security offi-
cers and materials handlers work in the
Materials Balance rooms (shown in yel-
low in Figure 2).  That separa-
tion of functions helps prevent
theft.

The demonstration was de-
signed such that managers, secu-
rity officers, and materials han-
dlers all enter the facility through
a single entrance, called Person-
nel Entry, that is separate from
the entrance for materials.  As
they enter, workers pass through
radiation and metal detectors,
and their identity is determined
by a palm reader, badge reader,
and personal identification num-
ber (see Figure 3).  The comput-
erized MC&A system then un-
locks the appropriate door at the
end of the Personnel Entry to let
managers into the Manager’s Of-
fice and security officers and ma-
terials handlers to the Key Ac-
cess area.  After passing through
the Entry, managers no longer in-
teract with security officers and
materials handlers directly.

Instead, managers “oversee”
the operation of the facility via two
central computers.  The central com-
puters are connected to computer ter-
minals in each of the Materials Bal-
ance rooms, which, in turn, are
connected to the controls and account-
ing instruments in those rooms.  One
of the central computers, the “account-
ing” computer, keeps an inventory of
the material in every room that is up-
dated in real time as containers of nu-
clear material enter, exit, and move
through the facility.  The other com-
puter, the “controls” computer, super-
vises the movement of materials with-
in the facility and restricts access to
materials.

Under the watchful eye of the man-
agers, materials handlers and security

officers obtain keys to the Materials
Balance rooms from the Key Access
area.  They are required to operate in
teams of three that consist of two mate-
rials handlers and a security officer.
All three must be identified by their
palm, badge, and personal identification
number.  Then, if the team has permis-

sion from the Manager’s Office, a key
to the appropriate room will be released
from the keyboard.

To illustrate the operation of the fa-
cility, let us assume that a team has ob-
tained a key to the Entry/Exit Control
room (on the left in Figure 2), where
workers check the contents of incoming
and outgoing containers of nuclear ma-
terial.  Newly-arrived containers are
brought to the door of the Entry/Exit
Control room by a conveyor belt, each
with paperwork that lists the container’s
identification number and contents.
Each container also has a bar code,
which encodes the same information as
the paperwork.  At the door to the
Entry/Exit Control room, a worker uses
a hand-held scanner to read each con-

tainer’s bar code and checks the results
with the paperwork.  Because the scan-
ner is connected to the accounting com-
puter in the Manager’s Office, the new
container is automatically registered
into the inventory of the facility.

Even if the paperwork and bar code
agree, the team weighs the container to

make sure its mass is consistent with
the alleged contents, and they visually
inspect the container’s seal to make
sure it hasn’t been opened.  They also
verify the identity of the container by
measuring its “radiation passport” (see
Figure 4).  In that way, the team checks
and rechecks the validity of the con-
tainer by independent methods.

When the team has finished inspect-
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Figure 3.  Access Controls
The palm reader on the left de-

termines a worker’s identity on

the basis of the size and shape

of their hand.  The size and

shape are calculated from the

capacitance between the hand

and a grid of plates inside the

palm reader.  The palm, badge,

and personal identification num-

ber readers (below) are used to

identify workers throughout a

nuclear facility.  On the basis of

a worker’s identity, access to

nuclear materials may be al-

lowed or denied.



ing the container in the Entry/Exit Con-
trol room, it can be taken to the Assem-
bly/Disassembly room or straight to the
Vault.  Let us assume that, because the
material arrived in shipping containers,
the team must take the material to the
Assembly/Disassembly room to put it

in storage containers.  Before they
leave Entry/Exit Control, one worker
must enter the destination of the con-
tainer into the computer terminal.  An-
other worker reads the container’s bar
code, which makes the central controls
computer start a timer.  If the container

is not detected in the Assembly/Disas-
sembly room in a certain amount of
time, the controls computer will sound
an alarm.

When the container’s bar code is
read at the door to the Assembly/Disas-
sembly room, the timer is stopped.

MPC&A
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Figure 4.  The Radiation Passport
The “radiation passport,” which is a low-

resolution measurement of the gamma-

ray spectrum and neutron flux emitted by

a container of nuclear material, provides

a unique and highly reliable method of

identifying individual containers.  The

graph on the right shows two low resolu-

tion gamma-ray spectra.  Each peak in a

given spectrum corresponds to gamma

rays of a given energy, and the relative

heights of those peaks are unique to a

given container.

A record of the radiation passport for

each container is stored in the central ac-

counting computer.  When a new contain-

er arrives at a facility, its identity is

checked by measuring its radiation pass-

port and comparing it with the passport

on record for that container.  If, for exam-

ple, the two spectra in the figure were the

measured and recorded passports, the

central accounting computer would reject

the alleged identity of the container.

Figure 5.  Gamma-ray Detector
In the photograph on the right, Sergei

Razinkov and Valeri Belov from Arzamas-

16 examines an American-made gamma-

ray detector.  The high-resolution spec-

trum produced by that detector can be

used to determine the relative masses of

the different isotopes of nuclear material

inside the container.  With a precise

count of the fission neutrons emitted by

the material, and knowing the decay rates

of the isotopes of plutonium and urani-

um, the total mass of each isotope inside

the container can be calculated.
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The shipping container is then opened
and the materials are redistributed
among storage containers.  New bar
codes and radiation passports have to
be established for each new storage
container.

One worker allocates identification
numbers for the new storage containers
on the computer terminal while another
worker measures their radiation pass-
ports.  The accounting computer
records the radiation passport along
with the identification number of each
container for future identification pur-
poses (see Figure 4).  The precise iso-
topic composition of the contents of
each container is then determined from
a high-resolution measurement of the
container’s gamma-ray spectrum and
fission neutron flux (see Figure 5).  A
new bar code listing the container’s
identification number and the isotopic
composition of its contents is printed
out for each new storage container.

Now that the material is prepared for
storage, one of the workers enters the
next destination—the Vault—into the
computer terminal.  Another reads the
bar code on the storage container to
start the timer.  Like the vault in a
bank, the storage vault is barricaded by
an extremely heavy door.  All three
members of the team must be identified
by their palm, badge, and personal
identification number, and if that team
has permission from the Manager’s Of-
fice, the controls computer unlocks the
door.  The computer terminal inside the
Vault lists the “station” where each
container is to be placed.  The team
then reads the bar code of each contain-
er and its station to register them into
the inventory stored on the accounting
computer (Figure 6).

The Vault, like the hallways of the
demonstration, is continuously watched
by video cameras, which are monitored
by the controls computer.  The images
from the camera are digitally processed,
and unauthorized changes in the images
automatically set off an alarm.

In January 1995, only six months
after the contracts with Arzamas-16 had
been signed, the demonstration facility

was up and running.  The successful
demonstration spurred interest in the
design and possible installation of sys-
tems that would meet the specific
needs of relevant facilities.  Interest
was intense in both Russia and the
United States.  Representatives of the
U.S. national laboratories were the first
to visit the demonstration, followed by
Russian government officials, Russian
nuclear facility operators, and Ameri-
can congressmen.  In May 1995, the
Minister of Atomic Energy Viktor
Mikhailov asked Arzamas-16 to trans-
port the demonstration to Moscow and
set it up in a conference room next to
his office so that it would be accessible
to everyone.  In a single day, well over
one hundred representatives from 
both Russian and American nuclear 
facilities and government agencies
went through the Arzamas-16 demon-
stration, including the U.S. Secretary of
Energy Hazel O’Leary.

The Institute of Physics and
Power Engineering

The Institute of Physics and Power En-
gineering (IPPE) is located about 100
kilometers southwest of Moscow in the
city of Obninsk, Russia.  Although
IPPE is administered by MINATOM, it
is not a defense facility but rather a
civilian center for research and devel-
opment of nuclear technologies.  At
IPPE’s Bystrye Fisicheskie Stendy
(BFS) facility, scientists perform re-
search on fast breeder reactors using
the two critical assemblies BFS-1 and
BFS-2.

In August 1994, not long after we
had signed contracts with Arzamas-16,
IPPE was brought into the public eye
by a front-page article of the New York
Times called “Russian Nuclear Materi-
als Controls Are Leaky.”  As described
in the article, the eight metric tons of
highly enriched uranium and plutonium

MPC&A

Number 24  1996  Los Alamos Science  79

Figure 6.  The Vault
As many as 20,000 containers can be kept in the vault of a typical storage facility on

shelves like the ones above.  The bar code reader shown in the bottom center of the

photograph is used to register both the container and its station into the accounting

computer’s inventory.  The containers are placed on weight-sensitive trays, which are

monitored by the controls computer to make sure that the containers are not moved

without permission.  Surveillance in the vault is strict.  Several cameras are dedicated

to watching the Vault door, while a number of others oversee the containers them-

selves.  The video images produced by those cameras are digitally processed by the

controls computer to search for unauthorized movement within the vault.



at BFS are in the form of thousands of
small, hockey-puck-sized disks (Figure
7).  The disks, which are used in reac-
tor fuel rods, are “clad” in aluminum or
stainless steel that absorbs the alpha
and beta radiation of the uranium or
plutonium in the disks.  Therefore, a
thief could simply place a few disks in
his pockets without fear of being ex-
posed to radiation.  The Times article
highlighted the proliferation risks asso-
ciated with those disks.

Following up on several preliminary
contacts in September and October of
1994, John Phillips from Los Alamos
and representatives from five other U.S.
national laboratories visited IPPE in
November to initiate a lab-to-lab
MPC&A program there.  With the
Russian scientists, we decided to con-
centrate our efforts on the so-called
“Stone Sack,” an isolated section within
the BFS facility that contains the BFS-1
and BFS-2 reactor rooms, a storage
vault, a manager’s office, and a large
portion of the most attractive nuclear
materials at IPPE.

We began by installing a four-tiered
system of controls.  At the outermost
fence surrounding the BFS facility, we
installed a vehicle monitor to detect nu-
clear material in vehicles leaving the
site (Figure 8).  Inside the fence, at the
entrance to the BFS facility, we put a
radiation detector that can detect a sin-
gle disk of highly-enriched uranium or
plutonium.  A “people trap” developed
by the Russian company Technocom,2

was placed at the entrance to the Stone
Sack within BFS.  The people trap is a
sophisticated system of controls that in-
cludes palm, badge, and personal iden-
tification number readers, a scale to
check the worker’s weight, and metal
and radiation detectors.  Any violation
will trigger the people trap to ensnare
the offender.  Finally, surveillance cam-
eras were installed to monitor any
slight changes in the storage areas and
the reactor rooms.

MPC&A
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2 Tehnocom is a private enterprise formed by for-
mer Arzamas-16 weapons scientists that provides
a number of technologies to the Russian defense
complex.

Figure 8.  The Vehicle Monitor
The large white posts on either side of the truck contain sensitive gamma-ray and neu-

tron detectors that measure the amount of nuclear material inside the truck.  If the

measured amount is greater than expected, the vehicle must stop for inspection.

Figure 7.  Researchers at IPPE
In reactor research, fuel rods of various configurations are built out of large numbers

of disks such as the one above.  Bar coding the disks that contain nuclear material

was the first step in the implementation of computerized accounting at IPPE.



As a precursor to a total computer-
ized accounting system, we installed
“stand-alone” accounting equipment in
the Stone Sack.  The two reactor rooms
and the storage vault were equipped
with low-resolution gamma-ray spec-
trometers to measure the radiation pass-
ports of the disks.  High-resolution
gamma-ray spectrometers and fission
neutron counters were installed near
both of the reactor rooms to measure
the isotopic composition of the disks.

The tens of thousands of disks of
nuclear material are in the process of
being labeled with bar codes that list
the identification number and contents
of the disk—that process alone is ex-
pected to take three years to complete.
A network of computers and bar code
readers was installed in the two reactor
rooms, the storage vault, and the man-
ager’s office, and in the near future, we
plan to connect the stand-alone ac-
counting equipment into the network.

The work done at IPPE marked one
of the first times the lab-to-lab MPC&A
program had implemented a safeguards
program that protected real nuclear ma-
terials.  IPPE also houses the MI-
NATOM training center where workers
from other Russian facilities can come
to learn about MPC&A.

The Kurchatov Institute

The Kurchatov Institute in Moscow is a
leading research center in the design of
nuclear reactors for space and naval
propulsion.  Kurchatov has been inde-
pendent of MINATOM since 1992.  Its
accessible location and its advocacy of
the importance of improved safeguards
made Kurchatov a priority for the lab-
to-lab MPC&A program.

We focused our efforts on Building
116 where two critical assemblies, the
Nartzis and the Astra, are used for nu-
clear reactor studies.  Like the disks at
IPPE, the nuclear material used in
Building 116 is in relatively small, and
therefore vulnerable, units—tiny “pel-
lets” for the Nartzis and baseball-sized
“pebbles” for the Astra.  Thousands of

such pellets and pebbles, each of which
contains a few grams of nuclear materi-
al, are kept within the two storage
rooms and two reactor rooms in Build-
ing 116.

Most of our work at the Kurchatov
Institute has addressed the most press-
ing issue of physical protection.  The
grounds around Building 116 were
cleared of bushes and trees to improve
surveillance of the area, and we erected
tall, sturdy fences and gates as shown
in Figure 10.

We also installed surveillance and
certain controls.  Video cameras and in-
frared sensors, which detect the pres-
ence of people by the heat they give
off, were installed along the perimeter
of the facility, and additional cameras
were installed inside the building.  All
windows and all but one entrance to
Building 116 were sealed off, and the
entrance was equipped with a people
trap similar to the one at IPPE.

Lastly, we supported Kurchatov in
taking total inventory of the nuclear
materials of the two critical assemblies.
Computer terminals were placed in

each of the critical assembly rooms,
and a third was installed in a separate
building at the Kurchatov Institute, and
the inventory is updated on the comput-
er as it changes.

In December 1994, the Kurchatov
Institute was the very first Russian nu-
clear institute to demonstrate its new
safeguards.  In February 1996, the
Russian Navy3 visited Building 116.
Since then, the Navy has signed con-
tracts through Kurchatov to begin lab-
to-lab MPC&A work.

Conclusion

In less than two years, the lab-to-lab
MPC&A program has made remarkable
progress, and we expect progress to
continue.  New contracts have been
signed to install complete computerized
MC&A systems at the Arzamas-16 crit-
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Figure 9.  Building 116
Building 116 at the Kurchatov Institute houses two experimental critical assemblies,

the Nartzis and the Astra, and a large amount of nuclear materials.

3 The Kurchatov Institute maintains a close rela-
tionship with the Russian Navy because the nu-
clear reactors for the Navy’s submarines and sur-
face ships were originally designed at Kurchatov.



ical assembly and processing facility,
IPPE’s central storage and processing
facilities, and the Kurchatov Institute’s
central storage facility.  And progress at
Chelyabinsk-70 has been steady.  Per-
sonnel and vehicle monitors have been
installed at the Chelyabinsk critical as-
sembly area, and the vehicle monitor
has survived its first Siberian winter.
Soon we will install a computerized
MC&A system there.

Three other Russian nuclear insti-
tutes have recently joined our program.
Two of them, the Institutes of Automat-
ics and Non-Organics, will be develop-
ing and constructing instruments and
developing methods for MPC&A.  At
the third, Tomsk-7, we will be in-
stalling computerized MC&A systems
at the spent-fuel reprocessing and urani-
um processing plants.  In January 1996,
the Russian Minister of Atomic Energy
Viktor Mikhailov and the U.S. Secre-
tary of Energy Hazel O’Leary signed a
joint statement to open up Sverdlovsk-
44 and Krasnoyarsk-26 to the lab-to-lab
MPC&A program.

The trust and confidence that has
been built up between the Russians and
the Americans under the lab-to-lab
MPC&A program has helped the gov-
ernment-to-government MPC&A pro-
gram make progress.  Our work has
also inspired collaborations with two
new Russian agencies.  DOE has been
allocated 10 million dollars for a new
collaboration with Gosatomnadzor
(GAN), the Russian equivalent of the
U.S. Nuclear Regulatory Commission,
and the U.S. national laboratories have
been allocated 5 million dollars for a
collaboration with the Russian Navy
which involves the Kurchatov Institute
as a partner.

Funding for the lab-to-lab program
has increased from the two-million-dol-
lar “start-up” fund of 1994 to 15 mil-
lion dollars in 1995.  Forty-five million
dollars are budgeted for 1996, and
plans are for funding to expand next
year and continue until 2002, at which
time Russia and its nuclear institutes
should have sufficient infrastructure and
resources, both human and technologi-
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Figure 10.  Before and After
The top photograph shows the gate outside Building 116 of the Kurchatov Institute be-

fore the lab-to-lab MPC&A program, and the bottom photograph shows the same gate

after.  Physical protection such as strong fences and secure gates is the focus of our

work at the Kurchatov Institute.



cal, to carry on the work of MPC&A
independently.

Above all, we would like to mention
that the commitment of our Russian
colleagues has been critical to the suc-
cess of the lab-to-lab MPC&A pro-
gram.  Without their understanding and
vision, we could not have met with
such success.  On the American side,
we would like to acknowledge the con-
tributions of the staff from all six par-
ticipating DOE laboratories who
worked very well together to solve
technical, administrative, and cultural
problems.  The chemistry of the Joint
Russian/American team has been
tremendous. 
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This photograph shows the

Chelyabinsk-70 flexible-manufac-

turing prototype production line,

which was built with both Russ-

ian and IPP funds.  Gas turbine

disks for Russian aircraft will be

produced there using the process

of superplastic roll-forming.



During the Cold War, the Soviet
Union developed a vast infra-
structure of science and tech-

nology to support its defense needs.  In
contrast with the United States, howev-
er, the Soviet Union had no civilian re-
search and development supporting a
private sector.  Consequently, thousands
of scientists skilled in the various as-
pects of weapons
development, in-
cluding weapons of
mass destruction,
have found them-
selves ill-equipped
to deal with the
economic crisis
that accompanied
the Soviet Union’s
collapse.  There are
few alternative em-
ployment opportu-
nities for those
highly skilled spe-
cialists, and the
possibility exists
for defection of
personnel or sales
of sensitive infor-
mation to rogue 
nations.

The Industrial
Partnering Program
(IPP) addresses the
threat of “brain
drain” by engaging
weapons scientists
from the New Inde-
pendent States (NIS)
(Figure 1) in cooper-
ative research and
development pro-
jects.  The projects
are specifically directed toward the de-
velopment of non-military applications
for the scientists’ skills and technolo-
gies.  The Department of Energy
(DOE) laboratories identify and evalu-
ate the technologies and facilitate the
involvement of U.S. industry, which, in
turn, shares the cost of the research and
development effort and supports the
commercialization phase of successful
ventures.

The foundations of IPP date back to
the late 1980s and President Gor-
bachev's policy of glasnost, or “open-
ness,” when the Soviet Union began
overt attempts to market defense-based
technology in eastern and western Eu-
rope.  In 1988, the Soviets sponsored
their first MATec conference in Helsin-
ki, Finland, featuring advanced materi-

als and manufacturing technologies
from the Soviet defense institutes.
Tony Rollett, ‘Krik’ Krikorian, and I,
all from Los Alamos, were among the
few Americans who attended.

I was specifically interested in the
high-powered Soviet gyrotrons, which
produce ultrahigh-frequency collimated
microwave beams because at Los
Alamos we had been experimenting
with microwave sintering of ceramics.

Our low-power industrial equipment
was inadequate, and we were unable to
obtain funding to build a more appro-
priate microwave source.  During my
conversations with Soviet scientists at
MATec, I became convinced of the
value of the Soviet gyrotron technolo-
gy, not only for defense but for indus-
try at large.

Our research on
microwave technol-
ogy continued, but
it was not until
several years later,
following the col-
lapse of the Soviet
Union, that we had
the opportunity to
acquire the Soviet
gyrotron technolo-
gy.  John Hnatio,
who is the program
manager for tech-
nology transfer at
DOE, and I
arranged a partner-
ship between Los
Alamos and the
National Center for
Manufacturing Sci-
ences (NCMS), the
United States
largest consortium
of manufacturing
industries.  With
Hnatio’s help, Los
Alamos secured
DOE funds from
the Advanced
Manufacturing Ini-
tiative (later called
the Technology
Transfer Initiative)

to evaluate the equipment for NCMS
applications.  We acquired three gyro-
tron tubes and associated equipment
from the Paton Institute in Kiev,
Ukraine.  With the help of Ukrainian
and Russian engineers, we established a
“user facility” at Los Alamos where the
experimental work could be performed.
Hnatio had also been instrumental in
setting up an industrial consortium at
Sandia Laboratory, and some of the
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Figure 1.  The New Independent States
On December 25, 1991, the Soviet Union broke up into the 15 New Independent States

(NIS) shown above.  All members of the NIS are eligible to participate in the Industrial

Partnering Program; however, as a nonproliferation program, IPP focuses on the four

“nuclear successor states”—Russia, Belarus, Kazakhstan, and Ukraine.



member companies
were interested in
acquiring Russian
technology.

When Senator
Domenici ex-
pressed interest in
involving U.S. in-
dustry in laborato-
ry partnerships
with the Russians,
the labs held a se-
ries of three meet-
ings to assess the
level of interest
and commitment
on the part of U.S.
industry to that
concept.  With
positive response
from industry, the
Senator moved for-
ward with legisla-
tion to provide
funding for a pro-
gram of technology
transfer from NIS defense institutes to
U.S. industry.

As a result, 35 million dollars were
included in the fiscal year 1994 For-
eign Operations Act to establish a
“program of cooperation between sci-
entific and engineering institutes in the
New Independent States of the former
Soviet Union and national laboratories
and other qualified academic institutes
in the United States” that was “de-
signed to stabilize the technology base
in the cooperating states” and to “pre-
vent and reduce proliferation of
weapons of mass destruction.”  More
specifically, the U.S. national laborato-
ries were to help NIS scientists convert
their defense technologies into com-
mercially viable products and to facili-
tate the transfer of those technologies
to U.S. industry.

The Interlaboratory Board was
formed between six U.S. national labo-
ratories who prepared the original pro-
gram plan for IPP.  Since then, the
board has grown to include all ten DOE
multi-program laboratories.  Following
a long series of interagency negotia-

tions, funds were received at the labora-
tories in July 1994.  Shortly after re-
ceipt of funds, we helped establish the
U.S. Industrial Coalition, a consortium
of private companies with interests in
investing in NIS technology.

In April 1994, confident that the
funds would come through, I made my
first trip to Russia accompanied by
John Shaner.  We visited Arzamas-16
and Chelyabinsk-70 as well as a num-
ber of institutes in the Moscow region,
including the Institute for High Pressure
Physics, the Bochvar Institute, and the
Institute of Solid State Physics in Cher-
nolgolovka.  We collected a number of
proposals, which we circulated to the
technical divisions at Los Alamos.
John Shaner and I headed up a commit-
tee of technical experts to select pro-
posals for Los Alamos projects.  Los
Alamos received approximately 4.5
million of the 20 million dollars that
were allocated for lab-to-institute pro-
jects.  Our target was an average of
100,000 dollars per project, at least half
of which had to be spent abroad at the
Russian institutes.  In August 1994, Los

Alamos signed its
first IPP contract
with Arzamas-16, to
be followed shortly
thereafter by multi-
ple contracts for
twenty-four projects
with twenty NIS 
institutes.

IPP projects cover
a broad range of
technologies that re-
flect the core com-
petencies of the NIS
institutes.  The simi-
larity of the NIS in-
stitutes’ technical
base with our own
labs is not coinci-
dental.  Materials,
manufacturing sci-
ences, theory and
modeling, lasers and
particle beams, and
sensors and diagnos-
tics are all repre-

sented in the IPP project portfolio.  We
have a few fairly basic scientific pro-
jects, but most of our activities are in
the areas of applied science and engi-
neering.  There are no military pro-
jects, and we have avoided technolo-
gies covered by other government
programs.  The following brief descrip-
tions will illustrate the nature of the
project work.

The Gyrotron

Since the days of the Advanced
Manufacturing Initiative, the gyrotron
project has matured and grown to cap-
ture the interest of the automotive, oil,
electronics, communications, manufac-
turing, and aerospace industries.  Indi-
vidual companies participating include
Ford Motor Company, AT&T, General
Atomics, Tycom, Continental Electron-
ics, Baxter Health Care, and Ferro, a
list that indicates the diversity of appli-
cations as well as the level of industrial
interest.  The gyrotron (Figure 2) is
being investigated for use in numerous
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Figure 2.  The Gyrotron
Peter Alekseevich Syrovets and Andrey Ivanovich Bunenko from the Paton Institute

in Kiev, Ukraine, and Vladimir Ivanovich Irkhin from Gycom in Nizhny-Novogorod,

Russia, are shown working on the gyrotron in the Los Alamos “user facility.”



operations, including
heat treating auto
windshields, sintering
ceramic and plastic
appliance hardware,
coating tool bits, sep-
arating and recycling
plastics, vitrifying ra-
dioactive sludge, and
other fascinating ap-
plications.  At Los
Alamos and the
Paton Institute, we
investigate the inter-
action of the mil-
limeter-wave radia-
tion produced by the
gyrotron with differ-
ent materials.  We
then optimize the 
gyrotron to specific
applications.

The first gyrotron-
based “production
machine” will be in-
stalled at Ford Motor Company this
year, and we are assisting the scientists
at the Paton Institute to set up user fa-
cilities in Kiev.

Ultrafine and Nano Materials

The size of the grains, or “crystal-
lites,” in metals and alloys has a pro-
nounced effect on their physical and
mechanical properties.  The grain size
in engineered materials, such as steels
or aluminum alloys, is determined by
the manner in which the materials are
prepared.  Historically, manufacturers
of metals and alloys have obtained spe-
cific properties by controlling alloy
composition or the thermomechanical
processing steps used in the production
of the material.  For most conventional
processing methods, grain sizes are typ-
ically in the range of tens to hundreds
of micrometers.

Recent research in the United States,
Russia, and Ukraine has shown that
many materials exhibit remarkable
properties when their grain-size is re-
fined.  Ultrafine materials have grains a

few tenths of a micrometer in diameter
and exhibit strengths as much as a fac-
tor of five times that of their unrefined
counterparts while retaining excellent
ductility and resistance to fracture.
They also show improved corrosion re-
sistance and, in many instances, "super-
plastic" properties—that is, they can be
deformed without any “localized yield-
ing” in a manner similar to heated plas-
tics and glass (Figure 3).

Nano materials have grains as small
as hundredths of a micrometer and have
the same advantages as ultrafine materi-
als but to an even greater extent.  In ad-
dition, nano materials have a multitude
of unique characteristics, such as their
magnetic properties, that are not yet
fully understood.

Early efforts to produce ultrafine
and nano materials employed conven-
tional methods of powder compaction
in which solid shapes were formed by
compressing finely ground powders,
usually at high temperature.  However,
that process produced materials with
relatively high levels of impurities and
numerous defects.  Under the IPP pro-
ject headed by Terry Lowe of Los

Alamos, we use
the Russian-de-
veloped tech-
nique called
“severe plastic
deformation” in
which a materi-
al is put under
severe stresses
that break-
down, or “re-
fine,” the mate-
rial’s grains.
Although there
remains consid-
erable work to
optimize that
process, the
Russian tech-
nique is the
first to produce
solid shapes of
high enough
quality to be
considered 

useful in load-bearing engineered
structures.

The Ufa State Aviation Technical
University in Ufa, Russia produces all
of the ultrafine and nano materials used
in this IPP project.  Three other Russ-
ian institutes in Ekaterinberg and
Tomsk study and test those materials
for practical applications, and Los
Alamos and Northwestern University
use them to test theoretical models of
material behavior.

Recently, the researchers in Ufa
began to produce superplastically
formed ultrafine titanium plates for en-
doprosthetic applications (Figure 4).
We expect to establish a U.S. Industrial
Coalition partnership before the end of
the year that will expand this applica-
tion to other areas of traumatic medi-
cine and biomedical engineering.  An-
other partnership would apply nano
materials to the construction of perma-
nent magnets with “structural integri-
ty”—that is, magnets that can be
formed into complex shapes and still
retain their strength and resistance to
fracture.

IPP also funds two projects related to
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Figure 3.  Superplastic Forming
The photograph above shows two cross sections of automobile wheel rims that were

produced at the Russian Federal Nuclear Center at Chelyabinsk-70.  They were made of

ultrafine aluminum which, like most ultrafine and nano materials, exhibits “superplas-

tic” behavior at certain temperatures and certain rates of strain.  Under those condi-

tions, superplastic materials are as pliable as paste and can be formed into complicat-

ed shapes, such as automobile wheel rims, simply by pushing on them.



nano and ultrafine materials.  One is
geared toward the production of
nanocrystalline powders that are com-
monly used in cosmetics and paints as
ultraviolet absorbers.  In the other, Los
Alamos is helping Russian scientists to
convert a weapons facility at Chelyabin-
sk-70 into a manufacturing facility for
superplastic roll-forming of turbine discs
(see opening photograph).  Industrial
partners in that venture include Rockwell
International Science Center, United
Technologies Research Center, and sev-
eral members of the U.S. Industrial
Coalition.

The Optical Microresonator

About twenty-five years ago, physi-
cists conducting high-precision experi-
ments approached the so-called “stan-
dard quantum limit,” a theoretical
bound on the accuracy of measurements
on single objects (for example, a
macroscopic oscillator or an electro-
magnetic wave) imposed by the funda-
mental principles of quantum mechan-
ics.

Going back to thought experiments
due originally to Bohr and Einstein,
Vladimir Braginsky developed a theory
of measurement called quantum non-de-
molition (QND) that outlined ways to

overcome the standard quantum limit in
different kinds of elementary measure-
ments.  Not only did QND eliminate
any a priori limit on the accuracy of
certain measurements, it also provided
experimental recipes on how to make
measurements without perturbing the
quantity to be measured.  For example,
it indicated how the energy of a photon
might be measured without destroying
the photon.  QND provided the capabil-
ity to make repeated and predictable
measurements on a single quantum 
system.

During the past decade, the princi-
ples of QND, as applied to electromag-
netic waves in the optical band, have
been demonstrated by researchers at
NTT Basic Research Lab (Japan), Insti-
tute of Optics (France), and Cal Tech
(U.S.).  Despite those fine efforts, QND
measurements have yet to reach the
level of a practical technology because
of the expense and labor associated
with those experimental techniques.

Vladimir Braginsky and Vladimir
Ilchenko of Moscow State University
and Salman Habib and Wojciech Zurek
of Los Alamos believe that simpler, in-
expensive, and higher-resolution QND
measurements are not only feasible but
can also be the basis for useful applica-
tions.  They are directing an IPP project
to do just that.

A scheme has been proposed to
measure the energy of a small number
of photons in a resonator.  The first
and hardest step is to find a way to
store photons in isolation for relatively
long periods of time.  One of the ex-
perimental schemes being explored
under the IPP program is a new tech-
nology invented by the Moscow group
called an “optical microsphere res-
onator.”  That device is a tiny sphere
(30 to 300 micrometers in diameter)
made out of very high-purity fused sili-
ca, or glass.  The microsphere operates
as a “photon trap,” allowing only pho-
tons of very precise energy to enter.
Due to total internal reflection, the
photons glide continuously along the
walls.  They circulate inside the mi-
crosphere for a few microseconds—
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Figure 4.  An Application of 
Ultrafine Materials
The photograph above (taken at the Ufa

State Aviation Technical University)

shows endoprosthetic appliances pro-

duced from ultrafine-grain titanium.  The

“plates” in the picture are between 1.5

and 2 times stronger than conventional ti-

tanium alloys engineered for traumatic

medicine applications.  Even more impor-

tantly, these pure titanium devices will

not react with the body's chemistry.

They will be undergoing medical certifica-

tion at the Research Center of the Repub-

lic Clinical Hospital in Ufa, Russia.



long enough to perform successive
measurements on the photons.

The photons occupy a “field mode”
(such as the thin annular belt in the
equatorial region of the microresonator
shown in the middle photograph in Fig-
ure 5) of hardly any volume (down to
10-10 cubic centimeters).  This allows
very large electric fields to be estab-
lished, even with only a small number
of photons occupying the mode.  For a
single photon circulating in the micros-
phere, the field is larger than 100 volts
per centimeter.

The index of refraction of the glass
microsphere has a nonlinear compo-
nent.  Large fields produced by a rela-
tively small number of photons in the
“signal” mode change the refraction
index in the mode area.  That change
can be monitored by the resulting shift
of the resonance frequency of another
“probe” mode that overlaps the signal
mode.  Absolute energy resolution in
such a scheme can be made several or-
ders of magnitude better than has been
achieved in earlier QND experiments.

Successful QND experiments would
allow attainment of the highest possible
sensitivity permitted by quantum me-
chanics.  On the way to that ultimate
goal, the microsphere QND concept
promises a host of less fundamental, yet
important, technological spin-offs.  The
most obvious ones follow naturally
from the microsphere's ability to choose

photons of very precise wavelength.
Relevant applications include high-reso-
lution spectroscopy, investigation of
fundamental loss mechanisms in trans-
parent solids and liquids, and frequency
stabilization of widely used semicon-
ductor lasers (for which proof-of-princi-
ple experiments have already been con-
ducted at Moscow State University).

The realization of QND measure-
ments opens up another set of applica-
tions, wholly quantum mechanical, that
arise from this new and intriguing abili-
ty to manipulate and non-destructively
control an object's quantum states.  The
presently embryonic, but very exciting,
areas of quantum computing and quan-
tum communications are two areas
where QND measurements will eventu-
ally find their natural niche.

The IPP Information System

Early in the development of IPP, we
realized that we would need an effec-
tive means of communication and a
method for storing, tracking, and ex-
changing technical data.  To meet those
needs, Molly Cernicek of Los Alamos
designed the IPP Information System, a
secure and convenient computer-based
system that provides information in near
real-time to all the participants in the
program.  The Information System was
built using “Lotus Notes Groupware”
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Figure 5.  The Optical 
Microresonator
The black and white photograph on the

left shows the optical microresonator

under external illumination.  The pho-

tographs in the middle and on the right

show photons trapped in two different

modes of the microresonator.  (The pho-

tons are from a helium-neon laser and

are at a wavelength of 633 nanometers

(red visible light.)  The resonant modes

are defined by the difference between two

of the photons’ quantum numbers, 

 

l and

m.  The middle photograph shows the

mode satisfying the relationship l - m = 0,

and the photograph on the right shows

the mode l - m 

 

≈ 70.



software.  All information exchanged
within the network is encrypted to pro-
vide security—that is, information can
only be decoded by the computer to
which it is sent.  Furthermore, because
the system is based on a single, com-
prehensive software program, it pro-
vides complete compatibility.

By October 1995, the IPP Informa-
tion System had developed into the na-
tion-wide network shown in solid lines
in Figure 6.  With few exceptions, the
network relies upon existing Internet
connections.  The five servers in the
network (the U.S. Industrial Coalition
has two servers) house and share all the
databases, which are “replicated,” or
copied onto one another, every hour.
That way, all IPP participants have ac-
cess to current IPP information in near
real-time.  In addition, the system holds
dozens of clients representing DOE
headquarters and regional offices, the

ten participating DOE laboratories, the
Department of State, and more than 80
members of the U.S. Industrial Coali-
tion.  Future clients in the United States
include the Department of Commerce
and the Department of Defense as well
as both the government-to-government
and the lab-to-lab MPC&A programs.

During the summer of 1996, we plan
to connect several weapons institutes in
Russia (see the inset in Figure 6) to the
IPP Information System.  Then NIS sci-
entists will be able to use the Informa-
tion System to electronically submit
their own proposals for IPP projects
and to rapidly establish relevant con-
tacts with U.S. scientists and engineers.
Because the IPP Information System fa-
cilitates the movement of NIS scientists
from defense to paying peacetime
work, it helps keep those scientists in
their own countries and serves as a tool
against nuclear proliferation.
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Figure 6.  The Net
The IPP Information System is a secure

and convenient network of computers

that provides effective communication of

technical information between the partici-

pants in IPP.  The current configuration

(shown in solid lines) includes the De-

partment of Energy and five of its region-

al offices, the Department of State, the

ten participating DOE laboratories, and

over 80 companies from the U.S. Industri-

al Coalition.  Future servers and clients

(shown in dashed lines) include the De-

partment of Commerce, the Department

of Defense, and most importantly, several

nuclear institutes in Russia and other

New Independent States.



Lastly, the Information System is
used to track the progress of each pro-
ject in terms of both the general goals
of IPP and financial expenditures.

The IPP Information System enables
IPP participants to collaborate with one
another and to share knowledge and ex-
pertise unbounded by factors such as
time and distance.  Molly Cernicek,
Mike Wyman, and their team of stu-
dents, who put together this system,
have introduced us all to what appears
to be an interstate on the “information
superhighway.”

Conclusion

The Industrial Partnering Program
has funded nearly 200 projects involv-
ing over 70 NIS institutes and approxi-
mately 2000 NIS scientists and techni-
cians since the program began in July
1994.

U.S. industry has shown great enthu-
siasm for IPP.  For every dollar invest-
ed by the federal government in NIS-
IPP collaborations, two dollars have
been invested by members of the U.S.
Industrial Coalition.  We have received
encouraging reviews from many
sources, including the John F. Kennedy
School of Government at Harvard.

Lastly, IPP has spontaneously inte-
grated with the International Science
and Technology Center (ISTC) in
Moscow and its equivalent Center in
Kiev (see “The International Science
and Technology Centers in the Former
Soviet Union”).  IPP and ISTC are co-
ordinated to avoid redundancy and to
promote synergetic interactions among
the participants.  Several large projects,
such as the superplastic forming facility
at Chelyabinsk-70, are being funded by
both programs, and because of that
larger integrated effort, our projects
have a greater chance of success.

IPP is a nonproliferation initiative
with the added benefit that technology
flows back to the United States as a re-
sult of the program’s cooperative re-
search and development activities.  Pro-
grams like IPP have the opportunity to

demonstrate the delicate balance be-
tween defense and industrial applica-
tions of advanced technology as well as
promote and facilitate the transfer of
NIS defense scientists to peacetime
work. 
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Since 1992, the United States has been involved in the establishment and op-
eration of a science and technology center in Russia—the International Sci-
ence and Technology Center (ISTC)—and a similar center in Ukraine—the

Science and Technology Center in Ukraine (STCU).  These centers provide fund-
ing support—on a government-to-government basis—to scientists and engineers
from the defense sector of the former Soviet Union for work in a wide range of
civilian science and technology projects. 

The concept of an international science and technology center was raised during
the Bush-Yeltsin Summit, held in Washington, D.C. in January 1992.  The prima-
ry role of the center would be to reduce the possibility that personnel with knowl-
edge and expertise in weapons of mass destruction or missile delivery systems

would leave the former Soviet Union and offer their ser-
vices to rogue nations.  As stated in the agreement that es-
tablished the ISTC, weapon scientists would have the op-
portunity to “…redirect their talents to peaceful
activities…and [contribute] to the solutions to national or
international technical problems…”  This agreement was
initialed in May of 1992, with the United States, Russia,
the European Union, and Japan as signatories.

Despite the desire of the United States to move quickly
on ratification of the agreement, formal operation of the
ISTC program proceeded somewhat slowly.  Money was
not the major stumbling block, because the program, in ef-
fect, was an outgrowth of the larger and more encompass-
ing Soviet Nuclear Threat Reduction Act (Nunn-Lugar),
and funding initially came from Department of Defense
moneys committed under that legislation.  

The ISTC agreement was provisionally approved via a
decree by President Yeltsin in December 1993.  Although
the Russian parliament still has not taken formal action on
ISTC ratification, Yeltsin’s approval allowed the ISTC to
became operational in March of 1994.  

Likewise, there were strong political pressures to create a science center in
Ukraine distinct from the one being established in Russia.  Ratification for the
STCU wasn’t finalized by Ukraine’s parliament—the Rada—until July 1994.  

Regardless of the delays in starting the ISTC and the STCU, both centers are
today operating successfully.  The ISTC has been funding projects since March
1994, and the STCU since December 1995.  To date, nearly 11,500 scientists and
engineers with knowledge of weapons of mass destruction have received funding
through science-center projects.  Approximately 210 projects have been funded at
the two centers, amounting to commitments of the funding parties (grown to in-
clude Finland and Sweden) of approximately $84 million.  United States funding
currently falls under the Freedom Support Act, which uses Department of State
Foreign Assistance moneys.  This source allows project funding in the original
nuclear inheritor states (Russia, Kazakhstan, Ukraine and Belarus) as well as 
additional states of the Former Soviet Union (including Georgia, Armenia, 
Kyrgyzstan).  

The diversity of science and technology areas of the ISTC funded projects is
shown in Figure 2.  The two largest areas supported by the ISTC—energy and en-
vironment—account for over 40 per cent of the 197 funded projects.
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Figure 1.  Total Funds Pledged to
the International Science and
Technology Center by Country
(through 1995)
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†ISTC/STCU monies only cover salaries, equipment, supplies, travel, and overhead of the project par-
ticipants from the former Soviet Union.  There is no provision for funding collaborators who are not
from the former Soviet Union.

Centers in the Former Soviet Union

In addition to funding projects, the ISTC has organized a number of symposia
to provide opportunities for  scientists of the former Soviet Union to present their
work to an international audience.  The symposia have ad-
dressed topics including the environment, conversion
in the area of biological weapons, science and
technology in Georgia and Kazakhstan, and
biotechnology.  

Los Alamos was involved with the
ISTC from the earliest days and has had
a continued influence on the shaping of
ISTC throughout its formative period
to the present.  For example, the au-
thor has been involved with the ISTC
from 1992 to the present, first serving
as a DOE representative, then as a se-
nior scientific advisor to the State De-
partment (1993-1994), and now as a
member of the ISTC Scientific Advisory
Committee.  Boris Rosev served as a se-
nior project manager at the ISTC for over
one year (1993-1994), while currently, David
Giebink is on a two year assignment at the ISTC.

Los Alamos technical staff members contribute to
proposal development and review and monitor various pro-
jects.  In fact, most of the nearly 500 proposals received from the ISTC and STCU
have been reviewed by Los Alamos scientists.  Additionally, lab scientists are
often committed collaborators in joint research, interacting in quite a wide variety
of areas.  Many of these research projects were summarized in a series of Los
Alamos reports entitled “Los Alamos National Laboratory Interactions with Orga-
nizations in the Former Soviet Union” compiled by the author and Jim Kowaczyk.  

As this issue of Los Alamos Science goes to press, the ISTC has completed an-
other meeting of its Board of Governors at which more than thirty proposals were
approved and funds totalling nearly seventeen million dollars were committed.
Nearly a thousand additional scientists and engineers, many of whom have knowl-
edge of weapons of mass destruction, will be engaged in projects of a civilian na-
ture.  Los Alamos scientists will be involved as collaborators† in these projects,
which cover areas including seismic monitoring, upward-propagating lightning,
and environmental characterization and remediation.

The Western scientific community is having its impact on science and technolo-
gy in the former Soviet Union in many ways and, specifically through the ISTC
and STCU, is becoming a part of their future.  As time goes by, I hope more of
my colleagues will take advantage of and benefit from the opportunities connected
with these centers, and I hope I can help make this so. 
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Figure 2.  Percentage of ISTC
Funds Used to Support the

Indicated Areas of 
Science (through 1995)
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