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CHINESE ACCESS TO DUAL-USE AND
MILITARY TECHNOLOGY

Tuesday, April 28,1998

HOUSES OF REPRESENTATIVES,
JOINT ECONOMIC COMMITTEE,

WASHINGTON, D. C

The Committee met, pursuant to notice, at 10:00 a.m., in Room
2220, Rayburn House Office Building, the Honorable Jim Saxton,
Chairman of the Committee, presiding.

Present: Representatives Saxton and Doolittle; Senator Bingaman.
Staff Present: Vaughn Forrest, Juanita Morgan, Darryl Evans,

Mary Hewitt, Dan Lara, Howard Rosen, and Tami Ohler.

OPENING STATEMENT OF

REPRESENTATIVE JIM SAXTON, CHAIRMAN
Representative Saxton. Good morning, ladies and gentlemen. The

hearing today is about the People's Republic of China's access to dual use
and military technology. This hearing will consist of two panels.

The first panel will be the Administration's perspective. To give us
the Administration's position is Mr. William Reinsch, Under Secretary
for Export Administration, Department of Commerce.

Mr. Reinsch, we will hear your testimony and then ask a few
questions. I want to thank you for being here this morning. I know how
busy your schedule is, and so thank you very much for taking time to be
here with the Joint Economic Committee (JEC).

You may begin at your leisure, and we generally have a five minute
rule, but due to the subject matter today and the availability of time, you
may proceed.

We'll put on the light so that you can see when five minutes have
transpired, and then if you could finish your statement within some
reasonable time after that. Why don't you begin?

[The prepared statement of Representative Saxton appears in the
Submissions for the Record.]
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OPENING STATEMENT OF WILLIAM A. REINSCH,

UNDER SECRETARY FOR EXPORT ADMINISTRATION,

U.S. DEPARTMENT OF COMMERCE
Mr. Reinsch. Thank you, Mr. Chairman. It is a distinguished

Committee with a long historical tradition. I am honored to have an
opportunity to testify before you, and I am particular anxious, in view of
media reports and other controversies, to have the opportunity to discuss
China's access to dual-use and military technologies.

This is an important issue which is central to the mission of my
agency, the Bureau of Export Administration. Relations with China are
in a period of transition, and this can create the potential for risks in
technology transfer. Ourjob is to manage that potential risk so the U.S.
can reap the substantial benefits posed by China's trade and for American
foreign relations, as well as our economy, without adversely affecting our
national security.

Let me describe how we attempt to do that, first by discussing some
of the broad factors which shape technology transfer policy with respect
to China.

First, with respect to trade, as you know, Mr. Chairman, China is a
dynamic market with high rates of growth and real opportunities for
foreign firms. The U.S. has a significant advantage in the high-value,
high-tech end of the market. But we have serious competition from the
European Union and Japan. At the same time, U.S. demand for Chinese
goods is high and we have a large bilateral trade deficit which we would
do well to rectify.

While technology transfer restrictions account for only a small
portion of the trade deficit, in many cases they have a deterrent effect on
trade expansion that goes beyond our national security needs.

Before 1994, when COCOM ended, we and our major trade partners
had a coordinated, multilateral approach to high-tech trade with China.
Since that time we have found a growing difference in how we and our
allies treat high-tech exports to China. A number of our allies no longer
appear to regard China as being a strategic concern and have dismantled
export restrictions on a range of dual-use technologies. The result is that
some U.S. controls have become increasingly unilateral, and thus
ineffective, as restraints on China's ability to acquire advanced
technology.
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Security and nonproliferation remain central to our dialogue with
the Chinese and have a profound effect on shaping high-tech trade with
China. We have serious differences with them on a variety of
nonproliferation issues and have consistently engaged China to bring its
practices into line with the international norms. We have made notable
progress in the nuclear area and are working to broaden this dialogue and
promote cooperation between U.S. and China on other security issues.

China is in the midst of broad social, economic and political change.
Our goal of engaging China to influence its evolution to an open,
market-oriented society shapes our technology transfer policies. A
stable, prosperous and open China at peace with its neighbors is in the
best interests of the entire world, including the United States, and
appropriate transfers of civil technology can help achieve that goal.

Export controls are one of the principal tools we use to manage
technology transfer. Our regulations allow for extensive review and
denial of license applications in cases where a strategically sensitive item
would make a direct and significant contribution to China's military
capabilities. In addition, Tiananmen Square sanctions prohibit the export
of arms, satellites and dual-use items used for crime control unless there
is a Presidential waiver. U.S. policy since Tiananmen Square is to deny
export of controlled dual-use technology to the Chinese military and
police.

The Clinton Administration has significantly improved the dual-use
export control process by, among other things, strengthening the role of
other agencies in the review process. The source of that is Executive
Order 12981, which was issued in December of 1995. That Executive
Order gives the Departments of Defense, Energy, and State and ACDA
the right to review any license of interest to them. It establishes a clear
system for escalation and resolution of disputes all the way to the
President if necessary - but none have gone there in this Administration
- and provides for an appropriate review of technology transfer cases by
the intelligence community. As a result, we believe dual-use license
reviews are more thorough, more complete and more carefully
considered than at any time in the past.

The Commerce Department has taken a number of other steps to
reinforce our ability to enforce export regulations. We have increased the
number of enforcement agents in the field and have ensured they are well
trained and better equipped to carry out their mission.
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I can't resist a plug, Mr. Chairman: The Congress could help us in
this regard by passing a renewal of the Export Administration Act, which
would, at a minimum, raise the level of the penalties for export violations
from those set almost a decade ago. Under current circumstances,
financial penalties are little more than the cost of doing business for
many companies.

Former Congressman Roth, who is sitting right behind me, spent a
lot of time during his last term in the Congress trying to accomplish this.
And I commend to you his efforts and hope that others will take them up.

Beyond these improvements, as part of the Administration's larger
bilateral strategic and nonproliferation dialogue, we have engaged with
the Chinese government on how to improve cooperation on export
controls and have taken steps to help ensure that U.S. technology is
properly safeguarded. The bilateral seminar on export controls held
earlier this month in Washington was a good beginning of this process.
It was the first time we have done this with the Chinese, and we hope to
extend our dialogue with them to reach a greater mutual understanding
and cooperation in export controls and end use visits.

Let me get into a couple of specific examples that would be of
interest to you, Mr. Chairman, in light of subsequent testimony this
morning. Satellite exports are an example of how effective dual-use
export controls allow American exporters to compete and win without
risk to our national security. Our controls on satellite exports to China
are extensive and involve a number of measures to reduce the risk of
unauthorized transfers of technology, including a bilateral technology
safeguards agreement and the presence of DOD monitors at Chinese
launch sites.

Also, sensitive military satellite technology remains on the U.S.
Munitions List administered by the Department of State. Allowing China
to launch U.S.-made satellites under these safeguards has been an
important factor in helping U.S. companies dominate the satellite market.
Most sales are to U.S. or third country firms who have chosen to
purchase Chinese launch services.

Another good example of the nexus between security and trade is
high performance computers, which I know will be a topic today, as Mr.
Leitner discusses it in his testimony later on. HPCs, that is, high
performance computers have obtained a symbolic importance in our
debates over technology transfer which their real utility may not warrant.
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It helps put the issue in perspective if you remember that some of the
weapons systems found in the U.S. arsenal today were built with
computers whose performance was below 1,000 MTOPS, million
theoretical operations per second, in some cases with performance of 500
MTOPS. These were the supercomputers of the 1980s.

Today you can find more capable machines on many office
desktops, including, I suspect, yours, Mr. Chairman. This sector is vital
to the U.S. economy as a whole. Exports account for roughly half the
revenues of U.S. computer companies. Ill-advised export legislation can
put this vital sector at risk without a justifiable benefit to national
security.

Now, Mr. Leitner makes much in his testimony of the use of
computers running test simulations, but I would simply observe after a
quick reading of his statement that nowhere does he mention the level of
performance required of computers to conduct those simulations. If you
examine that question - and we have done so at great length, and we will
be shortly making more information available on this subject, you will
find that many of the applications that he discusses in fact can be run on
computers at levels below 500 or below 1,000 MTOPS, computers that
are not much more than the common PCs that are widely available all
over the world and manufactured by many countries besides ourselves.

You also find that some applications can be done, or the more
sophisticated state-of-the-art simulations can be done on computers that
essentially require capacity upwards of 45,000 or 50,000 MTOPS, which
is far beyond the level that anybody has discussed decontrolling as part
of our licensing policy.

It is also fair to point out that computers are an unusually
uncontrollable technology. If you think about the basic ingredients, the
chips, the microprocessors which were decontrolled during the Bush
Administration, are widely available and manufactured all over Asia and
Europe by a variety of companies, both for U.S. products and for clones
that are also made by Asian companies. If you think about the chips, the
processors, the boards, if you think about parallel processing, the ability
to hook computers together, you can see that this is a technology that is
exceptionally difficult to control. It is widely available on a wide variety
of levels, and it is increasingly easy to scale up small computers by
combining them together into larger computers to perform more
sophisticated applications.
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Now, let me also say in a comment on one of Mr. Leitner's points
that the Administration is not rushing to judgment with respect to
changing the export control levels on computers. This Administration is
committed to reviewing that question every two years. We are doing so
right now. We have a study that has been done for us that is not quite
finished, and the President at the appropriate time will be given a
recommendation, but it is not something that is about to occur.

Now, satellites and computers are only one part of our exports to
China, all of which were valued at $12 billion last year. To give you a
bit of data - Mr. Chairman, I am just about finished - Commerce
received 849 export licenses for China in 1997 valued at $1 billion.
Eighty percent of the licenses we received were given permission to
export; export was not allowed for the remainder for a variety of reasons,
including a lack of sufficient information. This 80 percent approval rate
for China is lower than that for most other countries, including Russia.

Applications for China usually take 54 days to process, sometimes
because we must wait for further information. The average for all
licenses is 29 days. These figures show that China licenses are subject
to extensive scrutiny and review to ensure that U.S. interests are well
protected. Our nonproliferation policy is fundamental to protecting U.S.
national security. But it is not without real cost to the United States, as
I am sure this Committee recognizes.

These license statistics do not reflect the sales lost by U.S. firms in
China because of export control policy or licensing delay. U.S. exporters
face de facto unilateral controls on exports to China in several sectors
where they have a demonstrated competitive advantage. For example, it
has been reported that U.S. firms lost the contract for a $3 billion
semiconductor project to a Japanese firm, largely because of Japan's
apparent willingness to transfer advanced technology quickly and without
extensive conditions.

Now, I know that this Committee has addressed this issue before,
Mr. Chairman, and I know that the Committee understands that the
integration of China into a stable world order is one of the paramount
challenges for our foreign policy. It is apparent that there are divisions
in our thinking on this subject, with some in the Congress, in the media,
having apparently already decided that China is a committed adversary
that we should treat the same way we treated the Soviet Union during the
Cold War.
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Others, including this Administration, believe the old Cold War
controls aimed at the Soviet Union are not relevant to new and more
complex situations like that of China, and that if we ignore the
differences, we risk producing the very result we wish to avoid. At the
same time, as we pursue a policy of engagement, we clearly do it
cautiously with our national security in mind.

While the problems are not to be minimized, our relationship with
China represents enormous opportunities for the United States if we can
manage it well. That is precisely what we are committed to do.

Thank you.

[The prepared statement of Mr. Reinsch appears in the Submissions for
the Record.]

Representative Saxton. Mr. Reinsch, thank you very much for
your testimony. We would like to ask you a few questions at this point,
and I would like Senator Bingaman to be the first questioner.

OPENING STATEMENT OF SENATOR JEFF BINGAMAN,
RANKING MINORITY MEMBER

Senator Bingaman. Thank you very much. Let me start by asking
about an issue that has been in the news recently. There has been a
suggestion that technology was transferred to the Chinese inappropriately
by scientists from Loral Space and Communications and Hughes
Electronics. What part of this case, if any, did have you or your agency
have jurisdiction over? Based on what you know about the case, was
there any improper transfer of technology?

Mr. Reinsch. Yes, I would be glad to, Senator Bingaman. I can
only provide a partial response, because the Commerce Department was
not involved in the initial case. When the license for the satellite that has
become the subject of some controversy was granted, the State
Department had jurisdiction over these items. The State Department
granted that license, and the State Department was in charge of the things
that happened after that particular satellite blew up on launch.

The investigation, as I have read in the newspapers, surrounds
failure analysis of that launch that the companies you referred to were
asked to conduct, and the allegation has been, I gather, that the
companies may have passed information as part of that failure analysis
that went beyond what the license permitted them to pass as part of the
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launch interface process. I can't comment on the accuracy of the
allegations.

The law in question. is under the jurisdiction of the State
Department, and the investigation of State Department cases like this is
done by the Customs Service, and the Commerce Department had no role
in that part of it. The subsequent allegation that was made was that the
approval of a second satellite by one of the companies, Loral, to China
earlier this year, may have had - may have had or may have an impact on
that investigation.

What I can say with respect to that license, which was granted by
the Commerce Department, because jurisdiction over these items was
moved to us several years ago, is that approval was made. That license
approval was made with the concurrence of the Departments of Defense
and State, ACDA, and the National Security Agency. As part of the
review process, lawyers at various agencies considered the approval and
did not object.

That license does not allow for the transfer of any launch vehicle or
satellite manufacturing technology. The conditions of approval require
compliance with the U.S.-China technology safeguards agreement. The
Department of Defense monitors will be in China for the complete launch
preparation, launch, and post-launch activities to assure that the license
conditions and technology safeguards are complied with. In the case of
a launch failure, all technology transfers between the U.S. manufacturer
and the China launch service provider will be strictly monitored by DOD
officials. We think that provides adequate safeguards in this case.

Senator Bingaman. With regard to the license to launch the
second of these two satellites, do you know of any basis for concern
about inappropriate technology transfer having occurred?

Mr. ReinsCh. No, sir, I don't know of any concern with regard to
that one.

Senator Bingaman. And regarding the first one, you are not in a
position to say?

Mr. Reinsch. That's correct. It was not our case.

Senator Bingaman. Are you familiar with a case involving
McDonnell Douglas?

Mr. Reinsch. Oh, yes, it is one of my favorite stories.

Senator Bingaman. Would you please tell us that story?
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Mr. Reinsch. Yes. I am sure you don't want all the details. This
concerned equipment which had been located in a plant in Ohio that had
been used for a variety of purposes in the past. Most of the equipment,
not all of it, was 20 years old at the time. The Chinese bought a good
part of the equipment in the plant - by no means all of it; much of it was
sold to domestic users, but the Chinese bought a number of the machines.
These were machine tools that were in the plant.

We determined that of the total number of machines, which I
believe were 33 or something like that, there were 19 that required an
export license, and the remainder were of sufficiently low technology
that they did not require a license at all and were simply shipped. The
others were bundled into a number of licenses and ultimately shipped.

The licenses in question included a condition that the company, the
exporting company, which in this case was McDonnell Douglas as you
mentioned, report to us quarterly on the disposition of the items and the
location of the items and whether they were being used for their intended
purpose. That condition was attached in part because we understood at
the time the license was granted - which was before I arrived at
Commerce, so I am giving you somewhat of a subsequent history - that
the machine tools, which were to be for the manufacture of civil aircraft
as part of the McDonnell Douglas joint venture with China, a joint
venture which had been approved in the Reagan Administration and was
gradually gearing up to expand its production, that the tools in question
would be located at a facility that was to be constructed.

What ultimately transpired was that the facility was not constructed,
and McDonnell Douglas reported in the first - at the first quarter that it
had to submit a report under its license that, while most of the machines
were in storage at their point of arrival and had not been uncrated, six of
the machines had been sent to a different location that was not authorized
in the license.

That then initiated a considerable level of activity on our part.
When this happens, we do two things. One, we open an investigation to
determine whether or not the law was violated; and, two, we attempt to
take steps to make sure that our national security is protected by securing
the machines and locating them in a place where we are confident that
our national security is not going to be compromised.

In this case, to make a long story short, we had extensive
interaction, largely through the company, with the Chinese, which
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resulted in all of the machines being moved from the place to which they
had been sent, which was a facility that, among other things, had some
military production capabilities. All six of the machines, five of which
had never been uncrated, were remioved and stored at the joint venture
site where we are confident they are under American control. We are
also confident they were not used for any purpose while they were in
transit on this odyssey.

The investigation of what happened and whether the law was
violated, and if so, who violated it, is an ongoing investigation that is in
the hands of the Justice Department, and I can't comment on its status.

Senator Bingaman. I wish to ask you a question on one other area:
supercomputers. We have had some instances where supercomputers
were transferred to Russian facilities, as I understand it, without the
licensing process having been followed.

Mr. Reinsch. That is correct.

Senator Bingaman. Can you please describe some of the problems
that resulted in that case and whether there has been any similar instance
with regard to China? Do you believe sufficient safeguards are in place
to prevent such an instance in the case of China?

Mr. Reinsch. There were four cases that were publicized last year,
Senator Bingaman, that you're referring to, two with respect to Russia
and two with respect to China. All of these concern the export of
computers between 2,000 and 7,000 MTOPS level of performance. The
reason I cite that is, it is related to our policy with respect to export
controls of high performance computers.

The President, in 1995, when he implemented the current policy,
said that for countries that we placed in Tier III, which is a list of 50
countries that include Russia and China, and a number of others, many
of whom, for example, have not signed the Nonproliferation Treaty, also
include Israel, India and Pakistan, as well as Russia and China.

We would require an individual license, which means advance
approval of the computer over 7,000 MTOPS if it were going to a civilian
end user, and over 2,000 MTOPS if it were going to a military or a
proliferation-related end user, that is, an end user engaged in military or
proliferation activity.

The effect of that policy was to place on the companies the burden
of making the judgment as to whether a specific customer was civilian or
military. We worked with the companies beforehand to give them some
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red flags, if you will, or some warning signs to assist them in making
those judgments. It is fair to say that in China it is harder to make that
judgment than it is in Russia because of the practice of the PLA to
engage in a wide variety of commercial activities that don't have any
military application, but nevertheless, are PLA-owned and managed.

Despite our efforts, some companies, including the one you refer
to, chose to ship items to end users which we believe would be military
- would be considered to be military or proliferation end users.

The cases in question, the Russian cases in question, are also
currently under investigation under the direction of the Department of
Justice, and I can't comment further on their status. With respect to
China, there were two cases made public and confirmed by the
companies in question that are also under investigation, in one case, the
computer which was listed in the data that we have compiled.

Because one of the elements of the President's policy was to require
reporting of the sales of all of these computers so that we can say with
some degree of certainty, barring, you know, fraud or some further illegal
activity, where each of these has ended up, we have been able to
determine in some cases that there were - in one particular case in China,
that there was a resale to a facility that we would regard as a military or
proliferation-related facility. And in that case, we had a dialogue with
the Chinese Government, and there was a company-to-end-user dialogue
that resulted in that computer being returned to the United States.

Notwithstanding the fact that the computer was returned to the
United States, the case remains under investigation to determine whether
or not our laws were violated, as we would do with any such case.

The companies report to us periodically. They had been reporting
to us quarterly; now, because of the law the Congress passed last year, we
changed the reporting requirements slightly. As the companies report,
we look at their reports, we consult with intelligence sources and others
on the nature of the end users. If we find independent users that we think
are in the military or proliferation-related category that should have
required a license and did not, we would take appropriate action.

We also have now, thanks to the Congress, a statutory requirement
to visit every computer over 2,000 MTOPS sold in all 50 of those
countries in perpetuity. This is going to be, if I can put in a plug, an
extraordinary strain on our resources, given the rate of growth of sales of
these computers. And keep in mind that the levels in question that we are
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talking about, midlevel workstations and servers like the one that
operates the Committee LAN and the one in - the LAN in your personal
office, I imagine, that is the kind of machine we are talking about here -
we are going to have to visit every one of these. This calendar year my
agents estimate that that will necessitate between 1- and 2,000 visits all
over the world.

Senator Bingaman. Is this an annual requirement?

Mr. Reinsch. It is a requirement, it is in the NDAA, Senator
Bingaman.

Senator Bingaman. How often do you have to visit?

Mr. Reinsch. Apparently, we only have to visit them once; it
doesn't say we have to keep on visiting them. But we have to visit each
one, which-

Senator Bingaman. Is this a provision you recommend we repeal?
Mr. Reinsch. Yes, we have and we would. Or at the very least the

other parts of the law that Congress passed give the President flexibility
to justify the control parameters as technology advances and what is now
state of the art becomes old. This particular provision doesn't give us the
authority to do that; it is 2,000 in perpetuity. If we can at least scale up,
that would reduce our burden significantly.

Senator Bingaman. Thank you, Mr. Chairman.
Representative Saxton. Thank you, Senator Bingaman.
Mr. Reinsch, let me ask you several questions. As we observe the

world change, there are many interesting and sometimes disturbing
aspects of it. Oftentimes, I frame this discussion, at least for myself, by
remembering an old friend of ours, Dick Cheney, who was the Secretary
of Defense, who said to us in late 1990 that the Soviet Union was going
to cease to exist as we knew it and that on the eve of going to war with
Saddam Hussein in late 1990 and 1991, that - and I will always
remember these words - he said, "the threat will change" because the
Soviet Union is going to go away but, he said - let me repeat those words
- "the threat will change."

And obviously he was right. The threat has changed recently. I
traveled to South Korea to see evidence and to get other people's opinions
about how that threat has changed vis-a-vis North Korea, vis-a-vis China,
and even the South Koreans' concern about Iran, not in a direct way, but
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in a rather indirect way. But all of these discussions bear out that
Secretary Cheney was right, that the threat has changed.

And that is really why we are here today, because there are two
major sources of change. One is the dissolution of the Soviet Union and
the subsequent use of former Soviet technology around the world in ways
that we don't always like; and secondly, because we have developed very
significant types of military and technological capabilities, which people
in different parts of the world would like to have, too, and they go to
great lengths apparently to get them.

It just prompts me, I guess, to ask a question - the proliferation
problems are troubling to me - what steps do you believe we should take
to try to check or stop proliferation that is not in the best interest of our
country, or our friends or Americans traveling abroad?

Mr. Reinsch. Let me say, Mr. Chairman, I think that is the key
question. And I think you have phrased the challenge correctly. I
couldn't agree with former Secretary Chaney more. I have given
speeches that say the same thing; the threat has changed.

And if I could add before answering your question, one reason why
the threat has become more complicated or, if you will, the solution has
become more complicated, is the erosion of the clear line between
military technology and civilian technology.

As our military establishment is driven more in the direction of
commercial off-the-shelf technology, both for cost reasons and timeliness
reasons, to get the latest state-of-the-art systems into their system faster,
the line between what is clearly civilian and what is clearly military,
particularly in the electronics area, gets blurred. That makes it harder to
make export control decisions, and it makes the consequences of the
decision much more significant, because there are in fact large civilian
constituencies buying products that are very similar to what our own
Defense Department is now buying.

The key answer to your question, I think, always lies, as it did
during the Cold War, but now lies even more, although it is more
difficult to achieve, in a multilateral solution. There aren't very many
products of the nature that you are talking about where the United States
is the sole producer. We may be the best, we may be the biggest, but if
you are a proliferator, that may not be the criterion you are looking for.
You may be looking for adequacy. And we discovered, there are plenty
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of people in lots of parts of the world making a lot of equipment that we
wish would not be sold to Iraq, Iran or other countries.

We work constantly with our allies to try to get them to pursue
policies in close coordination with us. There are four multilateral
arrangements - one for nuclear, one for chemical and biological, one for
missile, one for dual-use technology and conventional weapons - all of
which have somewhere around 30, 30-plus members, mostly the same
with a few adjustments.

We work very hard to beef up those regimes, to put in appropriate
lists of items that are critical - and I will get to the list in a minute - and
to increase the discipline of the regimes, to put in no-undercut provisions;
so that if we deny an item, we notify our allies so they will deny the same
item, so we don't get people interpreting regime rules differently where

our friends and allies have slightly different policies, as with Iran, which
is probably the most obvious case. We work with them regularly; Under
Secretary Eizenstat at the State Department is working with them
ceaselessly to try to develop, you know, a closer coordination on their
Iran policies.

We have some success, but this is incremental. And one of the

things that I regularly say in these sessions with the Congress is, if one

expects a multilateral agreement to spring full blown from a negotiation,
to be perfect, one is going to be disappointed. These things always fall
short of the mark.

What we do is, we get the best we can, and then over a period of

time, we add to it. We add discipline to it. We add members to it. We
add items to the list. We try to improve it as we go along.

As far as our own procedures are concerned, we have - we try to

concentrate on what we would call choke-points; that is, rather than try
to control everything with everybody and waste our enforcement
resources in the process and paralyze our licensing process, we try to
identify those items that are absolutely critical to the production of the

missile system and nuclear weapons and chemical weapons and try to
control those items rigorously.

These items would include things like advanced semiconductor
lithography technology, large-scale, highly accurate machine tools,

satellites designed for military remote sensing, jet propulsion technology,
inertial guidance systems and things like that.
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Going back to my previous comment, we would not consider a
computer, for example, a choke-point technology. But we think that by
identifying those technologies, clearly obtaining multilateral agreement
on a control is the best way to go.

Representative Saxton. Thank you.
Senator Bingaman earlier asked about the Loral-Hughes situation;

there have been news reports and other discussions relative to that issue.
As a matter of fact, The New York Times on April 12th ran a front page
article which I would just like to read a couple of paragraphs from. The
headline is, "U.S. Business Role in Policy on China is Under Question;
Satellite Technology Exported by Companies that Gave Money to
Democrats."

I wasn't going to bring in the political aspect of this actually, but let
me just read a couple of the paragraphs I think speak to the substance of
the issue.

It says, in May 1997, the Administration was jolted by a classified
Pentagon report concluding that scientists from Hughes and Loral &
Communication - Loral Space & Communications had turned over
expertise that significantly improved the reliability of China's nuclear
missiles. The fact that the report's existence has been secret prompted the
criminal investigation of companies which officials said was undermined
this year when Mr. Clinton approved Loral's export to China of the same
information about guidance systems.

And this was a front page New York Times story. The New York
Times has never been accused of being part of the so-called "right-wing
media." Tell us about what you think about the Loral-Hughes case, and
if you think The New York Times article is correct or incorrect.
[The New York Times article, "U.S. Business Role in Policy on China Is
Under Question," by Jeff Gerth, on April 12, 1998, appears in the
Submissions for the Record.]

Mr. Reinsch. Well, as I said to - in response to Senator Bingaman,
Mr. Chairman, I can't comment on the May 1997 report or the first part
of the case. I have not seen that report. We are not - the Commerce
Department is not part of the investigation, and I can't comment on the
facts of what may or may not have happened with respect to that license.

I can comment on what is, in essence, the second part of the quote
you read - which is whether or not the investigation into the first launch
was undermined by our approval of the second. And on that issue, I
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would say that I believe the answer to that question is no. I believe the
answer to that question is no for several reasons, the main one being the
existence of the elaborate safeguards, including the presence of
Department of Defense officials at the launch site and in all the
discussions that the company will have with the Chinese that were
attached to the license that we granted.

So I don't think that there is a reasonable possibility of the second
license having the kinds of problems that are allegedly associated with
the first. It would take probably a lawyer, and I am not one, to comment
on why a second situation like this would undermine an investigation of
the first.

The facts are the facts. The question in an investigation of this kind
- and as I said, we are not doing this one, but we do them in other cases
- the question is whether the law was violated, whether the terms of the
license were violated. That is a fairly clear-cut question; it demands
some investigation. But what we do in the second case wouldn't have
any bearing on that.

As I said, we now license these only in consultation with the
agencies I reference, which include State, which include Defense, in
other words, which include the relevant parties that were involved in the
first case. They had no objection to the second one. They had an
opportunity to review it. They apparently concluded that there was no
problem.

I don't think that it would be appropriate for us in the absence of any
conclusion about someone's guilt, you know, to make a judgment about
what we ought to do in separate unrelated cases. We have over 1,700
cases pending in our department right now that are enforcement cases in
varying stages. I wouldn't think, as a matter of policy, we want to say
that every company that is subject to one of our investigations ought to
be denied the right to export into the future until the investigation is
resolved. We take these things one at a time.

Representative Saxton. You asked us the question as to whether
or not the law was violated by any of the parties referred to in this article.
Do you believe the law was violated?

Mr. Reinsch. I don't know, Mr. Chairman. I don't have the facts.

Representative Saxton. Okay. Also, there is another article which
is actually an opinion piece by a Gary Milhollin.
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Now, apparently, Mr. Milhollin is an individual who works with the
Wisconsin Project on Nuclear Arms Control. Again, I don't believe the
Wisconsin Project on Nuclear Arms Control has ever been classified by
anybody as other than a centrist organization or maybe an organization
left of center.

And they write that since January the Clinton Administration has
been quietly circumventing a new law intended to keep America's
supercomputers away from Third World bomb and missile makers, et
cetera, et cetera. They say most recently that the Commerce and Energy
Departments are trying to drop more than 20 countries that are now
covered by the law; that is, to keep us - our American companies,
apparently, from exporting to them. They want to allow supercomputer
exports to Algeria, a terrorist plague state that is planning to process
plutonium.

The New York Times states that the Commerce Department does
want to drop these countries currently denied technology upon review,
but wants to include Algeria. Do you believe we should export
supercomputers to Algeria?

Mr. Reinsch. I am familiar with that article, Mr. Chairman. In
fact, I have it here. We are preparing a response to it, as a matter of fact,
today. And I wouldn't, just in passing, characterize the Wisconsin Project
as a centrist organization.

Representative Saxton. You would or would not?
Mr. Reinsch. I would not.

Representative Saxton. How would you characterize it?
Mr. Reinsch. I would think left of center would be an appropriate

characterization.

Mr. Milhollin bases his conclusion on fragmentary information that
was apparently leaked to him that doesn't provide him the full facts,
specifically with respect to his references to some of the companies in the
early part of the article.

What he is referring to with respect to the countries is that when the
President makes a judgment about export controls with respect to
computers, as I indicated earlier, he, has based that judgment on two
parameters, country categories and levels of performance. And in 1995,
he created three tiers of countries - Tier I being sort of NATO allies; Tier
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II, friends but not allies; Tier III, the countries I referred to earlier; and
Tier IV, the embargoed countries.

As we go through the process of reconsidering the control
parameters for supercomputers or high performance computers, one of
the things that we will reconsider are the country lists and whether
countries are appropriately placed on those lists. As I said with respect
to the Tier III countries, many of those countries, Vanuatu I think would
be one, are placed there entirely because they have not signed the NPT.

It seemed to us in some cases that if a country was on that list solely
for that reason and if they subsequently did sign the NPT, it would be
appropriate to consider moving them as we moved everybody else
signing the NPT. However, I can't speak for the Energy Department in
that regard.

Has the Commerce Department suggested moving some countries
from one tier to another, not dropping them but moving them from one
tier to another? Yes, we have. Is it 20? I don't know, because I don't
have the list. This has just not gotten to my level of discussions. We
have not made any decisions in this area.

I can tell you in the two years or so since this policy has been in
effect, no high performance computers have been exported to any of the
three countries that Mr. Milhollin mentions in his article. Whether the
President will choose to move these countries from Tier III, which is I
believe where they are to another tier, I couldn't tell you, no decision has
been made yet.

Representative Saxton. You work with these issues on an ongoing
daily basis. Is it your opinion that Algeria is the kind of country that we
would want to consider exporting supercomputers to?

Mr. Reinsch. I would be surprised if the President decided to move
Algeria to a different tier, Mr. Chairman.

Representative Saxton. Just for the record, supercomputers are
also used in modeling for biological weapons, as well as chemical and
nuclear weapons; is that your understanding?

Mr. Reinsch. Well, I think the modeling that I am familiar with,
with respect to those biological and chemical weapons, are - I guess what
I would call gaseous cloud dispersion. You know, I would put it in blunt
terms, they drop one over the Capitol how long does it take it to get to
Bethesda, and you know, what will - under different prevailing wind
scenarios and temperature scenarios, what will happen to the particles
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that are let loose? That is the kind of analysis which you also do, for
example, for an explosion, where you want to analyze the movement of
a very, very large number of molecules, and you want to count literally
every molecule, if you can.

This is an analysis that can be done by a computer at most levels of
computer performance; it can be done with greater granularity and
greater sophistication at higher levels of performance. So, yes, it is used
for this purpose, but you can use lower level and higher level computers.
You just get better results the higher you go.

Representative Saxton. Thank you very much. Let me ask Mr.
Doolittle if he has any questions.

OPENING STATEMENT OF
REPRESENTATIVE JOHN DOOLITTLE

Representative Doolittle. Just a couple, Mr. Chairman.
Mr. Reinsch, the April 24, 1998 New York Times article, indicates

that the expertise turned over by Hughes and Loral had significantly
improved the reliability of China's nuclear missiles, officials said.

Did you accept that conclusion?
Mr. Reinsch. I don't know, Mr. Doolittle, because as I said, that

was not a case in which the Commerce Department participated. We
didn't grant the license. We are not involved in the investigation. I don't
know what was turned over in that case.

Representative Doolittle. If it were the case that the reliability of
China's nuclear missiles had been significantly improved, would that be
of concern to you?

Mr. Reinsch. Yes, it certainly would, and that is precisely why we
have the very strict safeguards on these licenses that we maintain. And
I would say if the information referred to was in fact turned over - and
as I said, I don't know that, but if it were in fact, I am confident that
would be a violation of the license of the State Department granted too.
And they had very tough safeguards when they were licensing these
things.

Representative Doolittle. Well, as I understand it, the issue is
whether the State Department actually was consulted about this incident.

Mr. Reinsch. Well, it was the State Department that issued the
license. In addition, most of these licenses require the Department of
Defense presence during the launch and during discussions about the
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launch or the launch interface or, presumably, post-launch, because the
Department of Defense technicians are the people that are in the best
position to make a judgment as to whether the technology being
transferred is appropriate and within the terms of license, or whether it
goes beyond the license. You might consult with them on that question.

Representative Doolittle. Well, the problem here, as I gather from
reading the article, was that after the rocket or the satellite crashed, the
officials from Loral and Hughes were called in to consult with the
Chinese and in the process provided information about other aspects of
the rocket's guidance and control systems.

Mr. Reinsch. That is the allegation, yes.

Representative Doolittle. Yes. And doesn't that strike you as
unusual that the Defense Department wouldn't have been involved at that
point?

Mr. Reinsch. I would say if it were one of our licenses, the
Defense Department should have been involved, and had they not been,
it would have been a problem. Not having seen the State Department
license, I don't know what the terms of it were, but I would imagine they
were the same.

Representative Doolittle. Maybe I should address the question
momentarily to the Chair and just inquire, Mr. Chairman, is this
Committee going to have the opportunity to have the State Department,
and the Defense Department comment at some point upon these issues?

Representative Saxton. We have no plans to do this at this
particular time; however, if the membership decides that it would like to,
we can certainly hold future hearings, and that may be something that we
would like to do.

Representative Doolittle. Thank you.

I notice, apparently the Pentagon did conclude that the U.S. national
security had been harmed. Is that your understanding?

Mr. Reinsch. Well, I gather from the article there is a report to that
effect. That report has not been shared with us. We are not conducting
the investigation.

Representative Doolittle. Well, I would certainly be concerned,
but it seems like we don't have all the parties that could share the
information necessary to perhaps form the more definite conclusion
about this. But this is a very disturbing newspaper article, I think, Mr.
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Chairman. I hope we will have an opportunity to pursue this a little bit
further.

Thank you.

Representative Saxton. Thank you, Mr. Doolittle.
Senator Bingaman?

Senator Bingaman. Thank you very Mr. Chairman.
Last me ask you about one other issue. Dr. Leitner, in his

testimony, speaks of the level of irresponsibility displayed by the
Administration toward our national security needs. As one example, he
says this was "demonstrated by the February 1998 U.S. proposal to the
Wassenaar export control forum for the accelerated delisting of virtually
all telecommunications technology and equipment. If this proposal goes
through, it would result in free and open access by even the rogue states
to state-of-the-art optical fibers, transmission equipment, switches,
repeaters, high-speed computer network systems, advanced encryption."

My impression on the issue of telecommunications equipment is
that it is a fairly competitive arena and the United States is not the only
producer of telecommunications equipment. Given this, is it productive
for us to try to restrict the sale by U.S. companies of telecommunications
equipment in world markets?

Mr. Reinsch. Well, we have done so in the past, Senator
Bingaman, on security grounds, largely at the behest of the National
Security Agency for reasons that I probably shouldn't go into in open
session. You are correct that it is one of the most competitive areas of
high technology around. There are numerous companies, particularly in
Europe that are active, credible, ferocious competitors with American
companies, including Canadian companies as it happens.

There has been some evolution in thinking about telecommun-
ications technology over the last few years, partly because of its very
rapid advance. It has made a lot of things that were cutting edge in 1989
old news in 1998. I can't comment publicly on U.S. negotiating positions
which are confidential, and I am surprised, frankly, Mr. Leitner has
chosen to comment on a confidential American Government negotiating
position in his testimony. We don't usually let those out. We don't think
that helps the negotiations.

I would also say that I don't think he has the facts entirely correct,
but that is a question you can take up with him. I would say that the
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items he referred to are not controlled by the Missile Technology Control
Regime for MTCR purposes. And without going into a lot of detail, I
would say the NSA no longer has the level of concern about many of
these technologies that it used to, which was the primary reason that we
maintained controls on them.

So I think that you will find our attitude, as well as Europe's
attitude, evolving somewhat, not entirely for competitiveness reasons, but
also for reappraisal of their relevance to security.

Senator Bingaman. Thank you, Mr. Chairman.

Representative Saxton. Mr. Reinsch, I have no further questions
at this time. I would just like to thank you very much for taking time out
of your busy schedule to be here.

If we have any further questions, we may submit them to you in
writing, and if you would be kind enough to accommodate us in that
regard, we would appreciate it. Thank you for being here.

Mr. Reinsch. I would be glad to. Thank you very much, Mr.
Chairman.

Representative Saxton. Our second panel is made of up Mr.
Harold Johnson, Associate Director of the International Relations and
Trade Group. And as has been noted, Dr. Leitner, who is the author of
Decontrolling Strategic Technology, also testified previously. If we can
move the second panel into place, we would appreciate it.

Thank you for being here, gentlemen. Back in June of 1997, I
contacted the GAO and asked them to investigate high-tech transfers of
dual-use technologies of a military nature to China that included
materials and/or high-tech information from the United States and other
countries to the People's Republic of China. I am very pleased that the
GAO has concluded the initial phase of that investigation.

As I noted earlier, Mr. Harold Johnson, Associate Director of the
International Relations and Trade Group from GAO, is here today to give
us an update. In addition, Dr. Peter Leitner, the author of Decontrolling
Strategic Technology, also testified last year, and it was fascinating
testimony. So when I heard about Dr. Leitner's article on super-
computers, I asked him to come back and talk to us about it.

Welcome to both of you.
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Mr. Johnson, before you begin, I would like to just say that the
thoroughness, competence and professionalism of your staff are of the
highest caliber, in my opinion, and you are to be commended.

And so, Mr. Johnson, if you would like to begin, we would
appreciate it very much.

OPENING STATEMENT OF HAROLD JOHNSON,
ASSOCIATE DIRECTOR, INTERNATIONAL RELATIONS

AND TRADE, GENERAL ACCOUNTING OFFICE
Mr. Johnson. Thank you for your comments.
Representative Saxton. Let me just note we will have a green light

and red light; if you could summarize at some point after the red right
goes on, we would appreciate it.

Mr. Johnson. Thank you very much. We are pleased to be here
today to discuss the status of our work. The initial phase of this effort
and what we will be reporting on more thoroughly in a month or so has
to do with the status of the arms embargo by the European Union and the
United States following the Tiananmen Square incident.

So specifically what I want to talk about are the terms of the EU and
U.S. embargoes, the extent to which the EU and U.S. sales of military
items to China have taken place, and the potential role that such items
would play in addressing China's defense needs. As you requested, we
developed this information regarding the arms sales to China, but we did
not assess China's military modernization efforts.

I would like to emphasize that it is within the context of
modernization that all of this has to be considered. In mid-1980, China
adopted a military doctrine that emphasized the use of modem naval and
air power in joint operations against regional appointments, in other
words, a more outward-looking doctrine. It later began buying foreign-
made hardware to support this doctrine.

The Tiananmen Square incident ruptured China's growing defense
relationship with the United States and Europe; and since then, China has
relied heavily on other nations, such as Russia, for its military imports.

Also, before I begin, I want to reemphasize that we did look at the
sales of items on the U.S. Munitions List, in other words, those that are
controlled by the Department of State. We did not - I would mention
that this list includes both lethal and nonlethal items that cannot be
exported without a license. We did not address specifically at this time
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the dual-use items, because the embargoes do not bar sales of such items
to China, although experts believe, and I think it is fairly clear, that
dual-use imports are an important source of high technology for the
Chinese military.

I would also note that the information we are presenting today
comes from open sources, and therefore, the absolute completeness and
accuracy may be subject to some degree of uncertainty, although we are
fairly confident of the information.

Let me first focus on the European Union. In reaction to Tiananmen
Square, the European Council, the EU's decision-making body, imposed
several sanctions, including an embargo on trade and arms with China.
However, according to experts, the council's declaration is not legally
binding. It also does not specify the embargo's scope.

For example, it does not state whether the embargo covers all
military items, including weapons platforms, lethal or nonlethal
components. European officials told us that the EU has left it up to the
individual countries to interpret and enforce the declaration, and that
members have interpreted the embargo in different ways.

Officials in some countries informed us that they have embargoed
the sale of virtually all military items to China. In contrast, the United
Kingdom does not bar exports of nonlethal items such as avionics and
radar. The U.K. embargo is limited to lethal weapons, such as bombs and
torpedoes, things that go bang according to them - specifically,
components of lethal weapons, ammunition, military aircraft, helicopters,
war ships, et cetera.

European Union officials also told us that the EU members tried
during the early 1990s to develop a Union-wide interpretation of the
embargo, but could not agree on a uniform approach. As of today, the
best we can determine, no EU member appears to have entered into new
agreements to sell lethal weapons to China since the imposition of the
embargo. However, as you will note on the first slide here, EU members
have delivered or agreed to deliver military items to the China since
1989, and two countries have agreed to sell nonlethal weapons
subsequent to the embargo, Italy in 1993 and the U.K. in 1996. Those
dates are not indicated on that slide, but they are in the table in my
prepared statement.

While there have been no new agreements, two of these deliveries
were of lethal weapons, the French ship-to-air missile, and the Italian
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air-to-air missile. They appear to have been in connection with pre-
embargo agreements. Similarly, a French-licensed Chinese projection of
helicopters, which continued into 1990, began prior to 1989. Also, the
U.K. honored the pre-embargo agreements to provide China with radars,
displays and other avionics for the F-7M fighter aircraft.

As I mentioned, during the 1990s Italy and the U.K. agreed to sell
China nonlethal military items. Italy agreed to sell fire control radars, for
the F-7M and F-7MP export fighters, and the U.K. agreed to sell China
the Searchwater airborne radar warning system. I think those are the
indicated on the chart.

Let me turn now to the U.S. embargo. Immediately after
Tiananmen Square, President Bush announced the sanctions against
China to protest its actions and, in February, Congress put these sanctions
into law. The law suspended export licenses for items on the U.S.
Munitions List and specifically barred the export of U.S.-origin satellites
for launch on Chinese launch vehicles. It exempted from this prohibition
U.S. munitions list items that are designed specifically for civil purposes,
such as navigational equipment for commercial airlines, unless the
President was to determine that the end use was for the Chinese military.
Because the munitions list includes nonlethal equipment, in addition to
lethal equipment, the U.S. prohibition on armed sales to China covers a
broader range of items than the European Union embargo.

Under the law, munitions list items can be exported to China if the
President reports to Congress that there is a national security interest in
allowing the export. Both Presidents Bush and Clinton exercise this
option and issued waivers for the export of munitions and satellite
equipment to China based on determinations that presented a national
interest to do so.

As shown - I guess we don't have the numbers on this next slide, but
as you will see in my prepared testimony, the United States has delivered
or exported to China about $350 million worth of items that were on the
munitions list since 1990. These exports were made in two ways, either
through government-to-government agreements managed by the Defense
Department under the foreign military sales program or commercial
exports licensed by the State Department. The majority of these were
related to launches of U.S.-origin satellites in China. All were authorized
under presidential waivers or were specifically exempted from the
sanctions under the law.
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In December, President Bush issued a waiver allowing the export of
military equipment to close out the government-to-government programs
that have been suspended.

Representative Saxton. Excuse me, that was December of?

Mr. Johnson. Of '92, I am sorry. In December of '92, the waiver
was issued to close out the previous programs. The waiver stated that
these deliveries would not significantly contribute to China's military
capability and closing those cases would improve the prospects of future
cooperation with China on nonproliferation issues.

The total value of these exports was about $36 million, and those are
the ones that are shown here, even though the dollar amounts are not
there, and I think you have slides in your packet. The value is about $36
million. No new government-to-government agreements have been
opened since 1990.

There are now no open or unfilled agreements pending between the
U.S. Government and the Chinese under the foreign military sales
program. The equipment ending these programs was delivered between
1993 and 1995, and they include the items that are listed on the board.

The next graphic will show the approvals that the State Department
has made. These are valued at about $313 million, and about $237
million of these exports involve the launch of U.S.-origin satellites from
Chinese launch vehicles. These shipments involve 11 presidential
waivers that have been issued for 21 satellite programs. Waivers were
also issued to permit the export of encryption equipment. Also, export
licenses were approved for munitions list items designed for inclusion in
civil projects. These exports do not require a presidential waiver and
involve primarily navigational aid for civilian commercial aircraft.

Between 1992 and 1996, controls over exports of commercial
encryption and satellites were moved from the munitions list to the
Commerce Department's commodity control list. Since U.S. sanctions
restrict the export of munitions list items and do not prohibit the export
of dual-use items, commercial encryption equipment generally can now
be exported to China without a presidential waiver.

U.S.-origin commercial satellites, however, although no longer on
the munitions list are specifically covered by the law and still require a
presidential waiver.

While the small amount, relatively small amount of EU and U.S.
military items that have been sold to China since 1989 could help address
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some of China's defense needs, their importance to China's overall
modernization is overshadowed by the much larger amount of military
equipment provided by Russia and the Middle East, and I think that is
shown on the next slide.

Moreover, according to Chinese experts, before they can fully
exploit either the equipment that they purchase from the West or from
Russia or the Middle East, they need to upgrade command and control,
training, maintenance. They have severe problems in those areas.

With time running short, my prepared statement outlines a number
of areas of examples of how both U.S. and EU equipment can be of
benefit to the Chinese military. I will leave that for the time being.

I would note that the amount of equipment that has been sold to
China by Russia represents about $3.5 billion. I don't have the exact
number, but it is about $3.6 or $3.7 billion dollars. So that is a sizable
amount. They have also sold items that are far more lethal than have
been purchased from the West and these include destroyers, ship-to-air
missiles, helicopters, fighter aircraft, the SU-27 fighter aircraft that are
similar to the F- I Ss, and assault helicopters.

They have purchased four kilo class diesel electric submarines,
including two of the very quietest that the Russians produce and that they
have not exported before.

Also it is of note that Israel has helped China with the development
of their F- 10 fighter aircraft, which is similar to the U.S. F- 16 fighter,
using technology developed in the - for the LAVI project, and also they
have sold various types of missiles.

As I mentioned, according to experts, China will have to overcome
several persistent problems before it can effectively use all of this
equipment to support its new military doctrine and reinvigorate its
domestic defense industry. China lacks the command and control
capability needed to effectively integrate its armed forces in the
fast-moving joint offensive operations called for by the new doctrine.

China's air force is hampered by its inability to communicate with
air defense, naval and ground units. China also lacks reliable air defense
intelligence systems, and while the early airborne warning system will
help - the systems that were purchased from the U.K. - will help address
these problems, China still has to learn how to integrate distances into
its overall defense air system. Many experts that we talked to informed
us that military system integration remains a weakness for China.
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In closing, I would like to comment just briefly on what the future
of the embargoes may be. First, it seems fairly clear that U.S. and China
relations have slowly improved since 1989. According to the press
reports, the executive branch is now considering easing restrictions on
commercial satellite projects in China, in part, through the use of blanket
waivers. Moreover, for the first time in several years, the United States
recently decided against sponsoring a United Nations resolution
condemning China's human rights policy, in Geneva.

Also, we found that support in Europe for continuing the embargo
seems to be weakening. According to European officials, the EU
embargo could be formally ended by unanimous consent or informally
ended simply by individual members resuming military trade with China,
because as you recall, there is not a legal basis for the embargo on arms
sales to China.

EU members whose defense firms are faced with severe economic
pressure could move to modify their participation in the embargo if they
believe China's human rights situation is improving. And recent EU
reports note that human rights in China, while still far from the
international norm, has improved. There are signs that some EU
members have sought to increase military sales to China.

We found that at least two EU members are now reassessing
whether the embargo should continue. In light of this apparent
weakening, in support for continuing the embargo by some European
governments, the question, it seems to me, that is facing the U.S.
Government is how the U.S. should respond in the event that the
embargo in Europe erodes significantly or ends in the near future.

Thank you very much.

[The prepared statement of Mr. Johnson appears in the Submissions for
the Record.]

Representative Saxton. Thank you very much, Mr. Johnson.

Mr. Leitner? Is it Mr. or Dr.?

Mr. Leitner. Doctor. I answer to almost anything.

OPENING STATEMENT OF PETER LEITNER, AUTHOR OF

DECONTROLLING STRA TEGIC TECHNOLOGY 1990-1992
Mr. Leitner. Mr. Chairman, Members of the Committee, I really

appreciate the opportunity to be here today to discuss transfer of
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so-called dual-use technologies to potential military adversaries in
countries engaged in nuclear, chemical and biological, and missile
proliferation. At the end of my presentation, I would like the opportunity
to make some comments on what Mr. Reinsch said in his testimony,
which I feel deserves some response.

As we meet today, the Administration appears poised to announce
yet another round of supercomputer decontrols. This time, it is feared by
many that the Administration excesses that occurred a couple of years
ago will be further exacerbated and go well beyond the 7,000 MTOP
range, maybe into the midteens or higher level of MTOPS to be
decontrolled.

The underlying problem here is that providing access to even greater
processing power, which is to some extent on the world market today,
will impart to potential adversaries and proliferators the ability to pursue
design, modeling, prototyping and development work across the entire
spectrum of weapons of mass destruction. The nuclear and biological
weapons design establishments of Russia and the People's Republic of
China will reap the greatest benefits from such decontrol. That is not to
say that Iraq, Syria and a host of other potential proliferators will not
benefit from this decontrol as well.

It is an interesting quote that was given by the Russian Minister of
Atomic Energy, who has recently been sacked along with most of the
Russian Government. The name is Mikhaylov, and a couple of years ago
he said in relation to the Comprehensive Test Ban Treaty and
negotiations that were going on at the time that it was in the interest of
signing the Comprehensive Test Ban Treaty in the shortest possible time
that U.S. and Russian experts mutually agreed on the necessity of selling
modem, high performance computers to Russia.

It was an interesting juxtaposition which has occurred over the
years, where during the 1980s the Russians were the ones that were
trying to push the Comprehensive Test Ban Treaty, and it was the U.S.
that was reluctant to go along. But with the explosion of supercomputer
technology and the great acceleration of the technological capability
available to the United States and to our allies, the Russians felt that
because of various embargoes that were imposed upon on them, they
were falling further and further behind in the ability to engage in
modeling, testing and simulation.

48-028 98 - 2
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And yet those types of capabilities are essential if you are going to
maintain your arsenal, develop new weapons and further proceed down
the nuclear path in a realm that is dominated by a Comprehensive Test
Ban Treaty. In short, the elimination of the physical testing requires, if
you are a nuclear power, or an aspiring nuclear power, the ability to do
that testing in some other way. And that way happens to be, because of
the software and computer technology available today, in the virtual
realm.

Now, while very few experts would agree that going virtual is a total
substitute for physical testing in an era that is dominated by treaties
which prohibit testing, it is the only avenue available. If you are a
potential proliferator, lessons were really learned when the Israelis
bombed the Osirak nuclear reactor outside of Baghdad several years ago
during the Reagan Administration.

The only counterproliferation and nonproliferation program that has
had any real effect in the today was the one exercised by the Israelis and
Menachim Begin many years ago. And that was basically, seeing was a
threat that was looming and taking it out in a very physical way.

The lesson learned by proliferators is, you can't have an
above-ground, obvious testing program or a nuclear program that would
be subject to some sort of preemptive attack to dissuade you from going
any further. That is where computers come in big time. The ability to
use a computer that was purchased by, let's say, for a hypothetical
example, the Central Bank of Syria in Damascus, to do the modeling and
simulation necessary, not to fully substitute for a program of testing and
development of nuclear weapons, but to give the governments involved
or the terrorists involved, a level of confidence in their design, in the
functionality of the weapon and its performance sufficient to allow it to
be introduced as an instrument of power.

And that is what advanced supercomputers would provide a
proliferant - not a complete substitute, but to give them enough
confidence where the designs would be proven well enough that they
would be willing to actually use them as an instrument of policy. And
that is where destabilization takes place and surprise, strategic surprises,
occur.

The same computers with little differences in software, can also be
used to model - not only the plume-type modeling that Under Secretary
Reinsch talked about for biological and chemical weapons, but the actual
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development of these weapons, the ability to disperse them at high or
low altitude, the development of the actual dispersal agents or the
mechanics that would be used to get the proper degree of exposures.
These are the types of things that can be modeled on high performance
computers.

Atmospheric and meteorological software is almost identical to the
type of software one would use to find how your weapons are going to
actually propagate in the environment. It is absolutely critical, if you
going to introduce weapons into a combat theatre, to understand what the
dynamics of those weapons would be, once they are released. You don't
want them to blow back on your own forces. You want to limit as much
- at least most civilized countries want to limit, collateral damage as is
possible. That may not apply in other parts of the world. Collateral
damage might be exactly what they are after, particularly for a wholesale
war scenario or a scenario of genocide, something that the Iraqis, for
instance, would be very willing to wage upon the Kurds in the northern
part of the country.

One of the big problems with going virtual is that the trillions,
literally trillions of dollars the U.S. has invested over the years in
detecting chemical, biological and nuclear weapons developments and
testing will be negated or made obsolescent by the move to decontrol and
promote the growing availability of computers.

If the Administration has its way and continues the decontrol
process, there is going to be a very serious elimination of our national
technical means of surveillance. These satellites and ground, air, and
shipborn sensors will become irrelevant. Future testing will predictably
not be as obvious. For instance, U.S. Vela satellites detected a unique
double flash in the Indian Ocean, back in the 1970s, which indicated that
somebody conducted a test near the surface of the Indian Ocean, a
nuclear test, that type of intelligence and indicators will not be available
any longer.

Everything will be done, every model will be done in a laboratory.
It will be done in some setting in a university, which will be far away
from the sniffer planes that we run, looking for chemical traces or gases,
which are slowly seeping from otherwise hidden test sites.

You are not going to find these unique situations any more; you are
not going to find them unless they are actually introduced into a real-life
action. So what happens again is the level of strategic surprise, which the
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U.S. will fall victim to, continues to grow. The probability, indeed, the
likelihood, that we will be a victim of strategic and tactical surprises in
the future continues to multiply because we decontrol this key
technology; we are promoting obscurity and increasing opacity, not
transparency, we are going the wrong way.

For instance, in the past when you had a - when you were trying to
develop a cruise missile, a long-range cruise missile, you would have
instrumented test ranges, replete with wind tunnels, and other large
physical facilities. Most of the wind tunnel modeling can now be done
on high performance computers of the type we are talking about. The
modeling of the re-entry characteristics of warheads, and the effects of
aerodynamic heating and ablation caused by atmospheric friction on the
accuracy of the missile can be performed. Methods of compensation
using different materials on the warhead can all be modeled now.

The computational fluid dynamics software which runs on high
performance computers, has basically been decontrolled. Finite element
analysis software, which can detect microfractures, structural
discontinuities in reentry vehicles coming back into the atmosphere at
25,000 miles an hour is now being made available. The only thing left
to control are the platforms capable of really running the analysis - the
high speed computers. Unfortunately, those, too, are continually being
decontrolled.

If one does an analysis of the percentage of high performance
computers as the total percentage of the computer market that exists in
the world today, it is an infinitesimal fraction of the market. In terms of
economics, in terms of market share, it represents a very, very, very
small part of our economy. Yet, in terms of the strategic threat, their
decontrol represents probably the major threat to our long-term security
in the future.

It was interesting to note on the telecommunications issue, that the
U.S. took the lead in decontrolling this technology. Mr. Reinsch
mentioned that it was a classified or a confidential fact. But yet it was a
reporter who called me and asked me if this is - or is not true. He asked
me, why did the Administration decontrolled telecommunications
equipment and where did the proposals originate? I said, I have no idea.
It was the first I had heard of it.

The reporter then asked, why is it that the British are interested in
controlling it and why, after talking to several other delegations there was
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absolutely no ground swell in favor of the U.S. decontrol proposals? He
asked, as there was no pressure on the part of the United States to
forward such a proposal; why did it happen? I said, I have no idea.
Those are the questions you should ask the Administration. They are the
origin of the telecommunications decontrol -package. I am still
bewildered by it as to why it actually -happened, particularly when there
wasn't apparently a ground swell of support.

One of the problems Mr. Reinsch noted was the whole issue of
trying to focus on enforcement, on trying to get more money for higher
fines or more agents in the field to look for diversions of technology and
more heavily penalize individuals, who are found guilty of export license
violations.

I don't think that issue is really the focal point. The issue is one of
leadership. Industry and exporters basically look at the atmosphere in
which they are living, and they see an Administration continuing to enact
a set of policies which further weakens and decontrols technology. In
that type of an atmosphere, where there is no bottom line to what
constitutes strategic goods, strategic technology, and what is an entity of
concern, you have a continual free-fall.

In that type of free-fall, with the quality of current leadership, you
have excesses that occur. But I think it is more attributable to leadership
issues than it is to any greater corruption that exists today in the export
control process than ever existed before. I think people are operating
basically as they have in the past - only more so.

An interesting feature to note, as one tries to assess the implications
of dual-use technology transfer, is the continuing weakening of
Wassenaar. Wassenaar, as I have stated in my written testimony,
addresses this concept. There is a series of little trapdoors throughout the
Wassenaar agreement, which we are about to spring open in the next few
months; and these trapdoors are basically timed events which state, for
instance, that machine tools, which have been controlled to some extent
in the Wassenaar regime were only agreed to be controlled for a two-
year period.

Well, that two-year period expires this fall, and unless there is
unanimous consent on the part of the Wassenaar members, they will
simply disappear from control, which means that China and others will
be free to acquire the most advanced machine tools that they can possibly
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get their hands on, for aerospace, submarine propulsion, and a whole
variety of missile issues.

Because countries that are subscribers to Wassenaar have their
domestic legislation linked to that particular agreement, like they were
to COCOM before, once the technology is released in that international
forum, they have no unilateral, legal basis to control the technology any
more. That is the linchpin for most of their systems of control.

So we are coming up on a period of great turbulence where more
and more technologies are going to drop off the list, you are going to
have more and more proliferation from other countries because the
Wassenaar regime is so weak and continuing to weaken.

One initial item I point to in my testimony - I am just trying to
summarize, I hope not to take too much time - is the MD- 17 issue, which
I have been asked to talk about. The MD-17 is basically the C-17
strategic airlifter, which was developed at the cost of several billions of
U.S. taxpayers'dollars. GAO has a number of studies trying to actually
peg the actual number of billions that C-17 cost the U.S.

In the last few months there have been a lot of open press reporting
in Janes and Aviation Week and other journals showing the arrival of a
new plane called the MD-17, which is essentially the C-17 with a
different paint job and a couple of minor modifications. The powers that
be are attempting to classify the aircraft as a civil airliner, saying there
is some substantive difference between the C-17 and the MD-17. If it is
classified as a civil airliner, it will now be eligible to be taken off the
State Department ITAR, the International Traffic and Arms Regulations
list and moved over to the Commerce Department's, CCL, commodity
control list, for dual-use goods.

There is a great deal of fallout that will occur if that does happen.
One thing is that once it moves over to the Commerce list, the Tianannmen
sanctions will no longer apply. The sanctions are basically creatures of
the ITAR, and apply only to military goods and technology, of which the
C- 17 happens to be a main line item. So if they are transferred to the
Commerce list, they will be freely able to be exported into China. They
may or may not need an individual validated license to ship to the
Chinese. But the presumption in most of these cases is one of approval,
and the Commerce regulations are extraordinarily nonspecific when it
comes to nonmilitary transport aircraft.
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I would predict, in my opinion, that you could expect to see within
a few years the PLA air force flying MD-17s in future military
operations. Some of the arguments I have seen concerning the MD- 17,
speak of the need for commercial competition in the large, outsize,
cargo-handling market and point the Russian AN- 124 Condor as the main
competition.

The Condor is a huge airplane. It is the largest airplane on Earth
and can handle very, very large cargo, including military cargo; that is
what it was developed for. It is operating in some limited commercial
markets, but its performance, its reliability, its versatility or its ability to
operate on short unimproved runways, is quite different than the
capability of the MD-17. One study, for instance, showed that the
MD-17 in South America alone will be to able operate from 601 airfields
compared to only 116 for the AN-124 - major differences in technical
capability. And that translates into operational and tactical advantages
when you go to war as well.

There was an article discussing the British proposal for leasing some
MD- I 7s. And they said they were too expensive to buy so they would
prefer to lease them. In the article describing this, there was an
interesting statement as to what will happen to those airplanes in a time
of war, and they said that, "very quickly people with dark blue suits
would be flying the MD-1 7s in support of military operations."

So with all of this is going on at the same time as the decontrols
mentioned earlier, the attempt is to label the C-17 as a civil airliner
should come as no surprise. As was discussed earlier, the diversion of
machine tools from Columbus, Ohio at the McDonnell Douglas plant -
which, by the way, was the plant that produced the main structural parts
for the C- 17 - those machine tools that produced those parts are now in
China.

As part of the normal process of dealing with the Chinese in selling
aviation products, one can readily envision a very simple scenario where
they demand some sort of coproduction. This is a normal pattern of
business today in trying to sell aircraft. The Chinese would be well
situated for producing parts for the C-17, they only have to use the
machine tools that are sequestered or stored in Shanghai right now, as
part of the diversion of the machine tools from Columbus which is
currently under investigation.
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Representative Saxton. Dr. Leitner, if you could move to several
perhaps main points that you have so that we can ask some questions.

Mr. Leitner. I would be happy to. Basically, I would just like to
summarize that somewhere out there there is a critical mass, an issue of
thresholding, which nobody quite understands, as to when and how this
infusion of dual-use technology will translate itself into a military
venture, an actual capability that the U.S. will be forced to contend with.
The infusion of Western dual-use technology is today manifesting itself
in Chinese military capability.

Where the "red line" exists between the PRC's strategic calculus
between capabilities, confidence and mission requirements can only be
inferred right now, but what is certain is that the unique Chinese world
outlook, their practical nature, their military doctrine, their national
requirements and geopolitical military position will result in strategic
surprise for the United States, both in terms of where they will apply
military force, and the unique manner in which it will be applied.

Recent head-to-head competition between Russia and China to
supply Iran with a nuclear reactor complex demonstrates the increasing
- or the continued willingness of China to collaborate with potential
customers rather than cooperate with the West on nonproliferation
issues. The current portrayal of the Chinese as being forthcoming on
proliferation matters, I believe, is a political fiction. Their backing away
from the earlier nuclear cooperation deal was a result of losing out to the
Russians on the reactor complex deal.

Any appearance of a more judicious approach by the PRC is just
that, "appearance." If the Russians fail to deliver under their new
contract, then the PRC will certainly be first in line to fill the gap, even
on issues of nuclear cooperation and reprocessing plants and anything
else that the Iranians might have on their shopping list.

Thank you.
[The prepared statement of Mr. Leitner appears in the Submissions for
the Record.]

Representative Saxton. Dr. Leitner, thank you very much.
Let me ask both of you to clarify the basic question. With regard to

arms deliveries to China, we still have the chart on the easel. It shows
that Russia or the old Soviet Union, apparently provides close to 72
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percent of all the military transfers into China, which is very bad from
our point of view.

And that the United States in providing items that might have
dual-use technology or direct military use, is only about 6-1/2 percent.
You could say that the Soviet Union, from our point of view, should go
in one direction and that it would be a bad idea for us to go from the
standpoint of our exports to China. And the other direction would be
very bad, in other words, by increasing the amount of exports that we
have to the Soviet Union to the Chinese, it would be obviously moving
in the wrong direction.

Yet, from both of your testimonies, I think it was fairly clear that
you have some fear that there may be in motion or already existing
policies that would provide for an increase in the roughly 6-1/2 percent
of Chinese imports relative to these issues and this material, that that may
increase; is that correct?

Mr. Johnson. That would not be correct for the items on the
munitions list. I don't see any particular movement in the U.S. side to
increase exports of items that are currently listed.

Representative Saxton. It would be directed on dual-use?

Mr. Johnson. Probably so.
Representative Saxton. Probably so. Such as the MD- 17?

Mr. Johnson. Well, I want to comment on that. It is not clear to
me - and we haven't looked into that issue specifically, but it is not clear
to me that that would - if it were resurrected as a commercial airlift
capability, that it would even be on the Commerce list that would require
an individually validated license. It may go - it may just be uncontrolled.

Representative Saxton. Thank you. I think we will get into the
C- 17, MD- 17 a little bit later.

Dr. Leitner, is my conclusion correct that your fear is that U.S.
Government policy, either through a waiver policy or through previously
existing agreements, will lead to a greater export to China of dual-use or
strictly military technologies?

Mr. Leitner. Yes, I share that concern. One of the problems that
you have ongoing in the export control process is something that is
closer, more akin to a shell game on the streets of New York City, where
you have items in different categories being shuffled back and forth with



38

sleight of hand from one list to another, dropped from a list, implied that
it is going to be picked up by another list.

Right now we have a multiplicity of lists. You have a nuclear
supplies list. You have a chemicals list, a bio-list, a dual-use list, and
you have a munitions list. How you transfer things from one list to
another determines exactly what falls out. Right now in the dual-use
area, there are, a number of concerns that exist about what is going on in
China. You see from public reporting, advanced materials companies
moving into China to sell advanced materials for aerospace applications.

At this point we are talking about composites. We are transferring
to China prepregs, resins, lay-up machines, filament winding machines,
tape laying machines, and other types of commodities which basically
make up what we consider our advanced composites industry. That goes
directly into Chinese aerospace, and you have low observability,
improved strength-to-weight ratios, more versatility, and stealthy
applications for aerospace, both missiles and airplanes.

It happens very quickly. And it happens almost in an indirect way.
Take for example civil helicopter programs that are being pursued

in China that make use of advanced composites - one happens to be
teaching the Chinese how to make composite sections for so-called civil
helicopters - whether it be a tail boom or a fuselage component it is
identical to the composite technology you would use for military
aviation. The helicopter knows no difference, if it is carrying a rack of
TOW missiles or sidewinders or whether it is carrying, a couple of litters
or stretchers as a rescue helicopter.

These types of technologies are being transferred by the Clinton
Administration and they are going at a rate which is almost dizzying.
And it is very, very difficult to track.

Representative Saxton. Dr. Leitner, we referred several times
earlier in this hearing to the U.S. business role in policy on China being
under question, this New York Times article.

Are you aware of any incidents similar to the Loral-Hughes case
used where Federal officials used their offices to, in any way, promote or
cover up alleged violations of the law or the ex post facto approval of an
activity hither to not authorized?

Mr. Leitner. One that comes to mind but it is different since the
company was not yet indicted for wrongdoing - and is subject to current
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investigation - would be the sale of the machine tools from the
McDonnell Douglas plant in Columbus, Ohio, and then retransferred and
diverted by the Chinese once they got them into the country.

After that occurred, there was a big attempt to try to get a new
license issued or a modification of a license to gather up machine tools
and move them down to Shanghai. Instead of demanding the machine
tools be repatriated to the United States, strategic machines that went for
an end user which didn't exist and then later were diverted to an end user
that made missiles the Administration allowed the machines to stay in
China, even though there was no legitimate end use for the machines in
China.

I think the substance of this case is quite different from the
Loral-Hughes issue. But it is an example of government attempting to
legitimize an action by allowing commodities to stay in a country which
had no business being in the country after the whole deal was blown up.

Representative Saxton. Dr. Leitner, both you and Mr. Johnson
have made reference to the aircraft to be proposed, to be called the
MD- 17. And I must say that I have had some experience with this basic
aircraft and was under the impression, until recently, two or three weeks
ago, that the MD- 17 would, in fact, be a commercial carrier that could
carry so-called outsized cargo, and that its military application would be
extremely limited.

Today, I am not so sure of that. In fact, I have changed my position
recently relative to any consideration of selling this aircraft to the
Chinese, at least until a clarification is made on what the MD- 17 is going
to look like.

I came here in 1984, late that year, and one of the first issues that I
remember hearing about as my role on the National Security/Armed
Services Committee was the development of the C-17. For a dozen
years, we worked with, and sometimes against, McDonnell Douglas to
develop a state-of-the-art airlifter with all kinds of modern technology,
military technology, dual systems for use in places where it is difficult to
fly because of military activities; all kinds of defensive systems that have
been used relative to the airplane for military reasons, flare systems,
chaff systems, steep angle-of-attack systems to land on short runways, et
cetera, et cetera, et cetera.
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And that is why I originally thought maybe the sale of a commercial
MD- 17 might not be a bad idea, because I had no clue that we would ever
even consider selling those systems to the Chinese. No clue.

It is unbelievable to me, and yet it seems that the development of the
so-called MD- 17 may, in-fact, include some of those systems that took
us 12 years and, as you, Dr. Leitner, correctly pointed out, billions of
dollars to develop for our own national security purposes.

You referred to in your testimony or in answer to a question earlier
that many of these same systems would be or might be or are considered
to be part of the MD- 17. Can you clarify that for us?

Mr. Leitner. My knowledge about the MD- 17 and my knowledge
of export control regulations would be, there is no legitimate reason for
the plane to be taken off the ITAR list - the ITAR does not prohibit a
commercial variant from being sold to a country where you have no
concern - to a NATO country, to Japan, to allies around the world, you
can still sell them under the ITAR.

Now, the question is, the big value that the ITAR gives you is that
it prohibits it from being sold to the Chinese, that would be the one
greatest value.

If the plane is delisted from the ITAR and moves - sold as a new
item with certain modifications - minimal modifications would be
required. I agree with Mr. Johnson, it is questionable as to whether or
not the plane would require an export license; its engines are commercial,
so-called off-the-shelf engines. Most of its systems are standard
aerosystems. The magic in the plane is the integration of thousands of
subsystems, capabilities, advanced materials, specialized landing gear
and other components, which give it this incredible character of being,
arguably the best airlifter the world has ever seen. It is specially
designed to capable of operating in-theatre, in an austere strategic
environment, certainly not the conditions found in a commercial
environment.

Using their logic you can take an M-1 tank and turn it into a hell of
an off-road vehicle, and call it a commercial product. Just take the gun
off of it. We will quickly face a series of problems, with that plane that
if it is controlled under the CCL by being taken off the ITAR. Its control
under the CCL would be highly ambiguous, and it is not clear as to how
it would be caught since it would be called a civil transport. Whether
there will be any will to deny it to countries like China, who sorely need
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the power projection capabilities which a strategic airlifter like this can
provide, is strictly a political question.

Representative Saxton. Thank you very much. This is obviously
an issue of great concern, frankly, personally to me, because the
development of the C- 17 without half a dozen of us on the House side
would never have happened, because we would have cut funding for it.
Just the thought of any variety of that system that would have a
commercial dual-use military capability is - I don't much understand.

Senator Bingamnan, do you want to ask some questions at this point?

Senator Bingaman. Thank you, Mr. Chairman. Mr. Johnson, in
your statement you talk about China's very inefficient defense sector.

Mr. Johnson. Yes.

Senator Bingaman. You say that, according to experts, China will
have to overcome several persistent problems before it can effectively
use its imported arms to support its new military doctrine and help
reinvigorate its defense industry. You go on to say that China lacks
command and control capabilities, China's air force units are hampered
in their ability to communicate with air defense, naval and ground units,
and China lacks a reliable defense intelligence system.

Mr. Johnson. Right.

Senator Bingaman. Is it fair to say that your basic assessment of
the Chinese military capability at this point is that it is not formidable as
compared to many of the military capabilities in the world or in that part
of the world?

Mr. Johnson. I think that is a fair judgment of the experts that we
have spoken with, and we have spoken with a large number of experts
on these matters, that they lack some of the capability to integrate. They
lack clear doctrine on operations. They lack some of the systems
necessary to carry out joint operations.

And I think one of the examples that we learned about that is
indicative: they have only a few helicopters, many of the soldiers in the
PLA have never exercised with helicopters, even though they may be
called on to participate in operations that would require that. So there
clearly are deficiencies.

That is not to say that they intend to let those rest, they want to
overcome those deficiencies in the future, but at this point, the nature of
the threat has to be considered with that in mind.
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Senator Bingaman. So you would say that at this point singling
out China as a military threat in that region or worldwide, relative to
threats posed by other countries, is a little inappropriate?

Mr. Johnson. Well, I think you have to - you have to consider
what other countries in the region are also doing in the way of
modernization. As I mentioned, we did not do a modernization
assessment, so - but I did want to put the purchase of military items in
that context. I think, based on everything that we heard during this study,
as well as previous studies that we have done regarding this matter, it
needs to be considered within the overall context of the capabilities, that
of the Indonesians, of Thailand, of other countries in the region, as well
as Japan, the U.S. and other countries that border China.

Senator Bingaman. Okay. Dr. Leitner, I would like to ask you
about a statement in your written statement which I referred to earlier.
The statement reflects your concern about the irresponsibility displayed
by the Administration in putting forward its February 1998 proposal in
the Wassenaar export control forum. What role did the Defense
Department have in the decision to put that proposal forward?

Mr. Leitner. It is a good question. I am not aware of what role it
had. I was told by the person who called me up that many people were
surprised by this proposal. I am not sure what the role of the Defense
Department was, so I can't really speak to it.

Senator Bingaman. Based on your understanding of the
interworkings of the various agencies, if a U.S. proposal to accelerate the
delisting of virtually all telecommunications technology and equipment
were put forward, what role would you expect the Defense Department
to have in making such a proposal?

Mr. Leitner. Well, normally, there is an interagency debate which
ensues on any set of proposals, and then there is an interagency working
group, which tries to hammer out differences and come up in an effort
to create a cohesive American position. In generic terms, this is true of
almost any negotiation. If there are disputes which arise, they can be
escalated to the NSC or some other forum, and a position will be
established one way or another.

Now, I am speaking as an author and not as a representative of the
government or the Defense Department, so my answers will be limited
to characterizations of general process.
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Senator Bingaman. But do you have any reason to believe that the
normal procedure for arriving at a U.S. position was not known?

Mr. Leitner. No, I don't have any reason to believe that.

Senator Bingaman. So if the normal procedure was followed, and
this is what resulted, then your concern about the disregard for our
national security and the irresponsibility being displayed by the
Administration would apply to the Defense Department too, would it not?

Mr. Leitner. Most definitely, the entire Administration, including
Defense Department.

One of the things that is lacking in 1998 and for the past several
years in the national security process is any real creative tension. If you
look back at the Carter Administration, for all of its foreign policy
problems, it did have two poles of thought, of reasoning, within it on
foreign and national security issues. You had Cyrus Vance on one hand
and Zbigniew Brzezinski on the other at State and the National Security
Council. And there was a lively debate on policy issues. There was a
give and take; there was a great deal of discussion which ensued.

In the current Administration, there is very little in the way of
tension between the various departments of the government. It is more
akin to consensus or groupthink on many of these issues, as opposed to
real debate.

Senator Bingaman. Take this specific instance of whether or not
to restrict the sale of telecommunications equipment. Might the nature
of the decision have changed from controversy to more of a consensus as
a result of the fact that the world situation had changed, and that it was
now generally agreed that telecommunications equipment was being
manufactured, sold and made relatively available by many countries? So
the fact that people in the Defense Department might agree with the rest
of the government on this decision may not have been a bad thing.
Would you agree?

Mr. Leitner. That is very possible. No one is going to argue the
world has not changed dramatically in the last decade. However, as Mr.
Johnson pointed out in his analysis of the deficiencies which currently
plague the PLA, if you look at their military deficiencies particularly C41
state-of-the-art telecommunications and computers are the types of things
which they lack. These technology decontrols will dramatically enhance
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their ability to manage complex aircraft traffic control and battle
management for instance.

These are the types of deficiencies which require high-speed
computers, telecom switches, and fiber-optic links. They will enable the
hand-off of information from one air traffic control center to another so
you don't lose targets that you are trying to track. These telecom links
will allow the integration of sophisticated radars which they are buying
to track, hundreds, if not thousands, of targets independently or
simultaneously.

When you put all these pieces together, they add up to a major
strategic system or a military capability, of the type, as the General
Accounting Office has noted, that the current Chinese force is deficient
in structure. It does have an effect. It does have an impact.

Senator Bingaman. Let me first ask, Mr. Johnson, about your 17
percent for the Middle East. I assume that is Israel, isn't it?

Mr. Johnson. I believe, by and large. But there are others. We
lumped countries together to create that.

Senator Bingaman. Does it concern you, Dr. Leitner, that Israel
and Russia are free to, and are proceeding to sell not just
telecommunications equipment, but arms of various kinds to Russia, with
no limit? It seems perverse to me that we have subjected ourselves, and
I guess the Europeans voluntarily have subjected themselves, to all of
these restrictions on arms deliveries, while the arms deliveries continue.

According to Mr. Johnson, they are not posing a substantial military
threat, but if I were manufacturing arms in this country, I would ask, why
restrict just us? Why aren't the Israelis or the Russians, or some of the
rest of them, subject to the restrictions?

Representative Saxton. Senator, would you just yield for a
minute?

Senator Bingaman. Sure.

Representative Saxton. The 17 percent Middle East concerns me
too. I would just ask either witness, I believe a substantial amount of this
technology may have been the Israeli airplane known as the LAVI, which
we helped them finance. Is that true? Is that what this technology
transfer is, and is it the technology that we helped to develop?

Mr. Johnson. Yes, some of it is. I don't know precisely what
percentage would constitute technology from LAVI, but some of it does.
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There are also other items included in there. Iran apparently has
provided some in-flight refueling capability that they had on hand at the
time that the Shah fell. And I understand that they have also provided
some fighter aircraft, Russian fighter aircraft that they captured from
Iraq.

But there are other pieces of equipment that are included in that 17
percent. Clearly some of the technology that found its way through the
LAVI has been used in providing assistance to China.

Senator Bingaman. Did you recall my question, Dr. Leitner?

Mr. Leitner. About the flow of technology from Russia and Israel,
yes, I am profoundly concerned about the flow from those two countries.
If we go back to the LAVI program for a minute, and if you speak to the
engineers that participated in the development of the wings for the LAVI,
the first thing you will see is their faces glow red. These Grumman
employees saw American technology simply, retransferred to the Chinese
for their new, heavily composite material F-10. And, so yes this is a
major concern.

The flows from the Russians are a major concern as well. But we
have to recognize that, as a government. It is within our prerogative to
approach those countries to stop the sales. I would think the Israelis
would be particularly responsive to U.S. overtures, given their
dependence upon the United States for their own military well-being.

The Russians don't see any programs of penalties for their actions.
They only see programs of rewards. We see all kinds of nuclear
programs going on with the Russians and a variety of U.S. taxpayer
financed cooperative arrangements, but there haven't been any negative
actions, as far as I have read in any newspapers.

Senator Bingaman. Thank you very much, Mr. Chairman.

Representative Saxton. Senator Bingaman, thank you for being
here, and I have no further questions at this time.

I would just like to thank you, Dr. Leitner, for being here. Mr.
Johnson, thank you and your staff for the fine job that you have done.
We will look forward to talking with you and dealing with you both as
we progress down the road on these issues.

Thank you very much.
[Whereupon, at 12:10 p.m., the hearing was adjourned.]
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SUBMISSIONS FOR THE RECORD

PREPARED STATEMENT OF

REPRESENTATIVE JIM SAXTON, CHAIRMAN

Good morning ladies and gentlemen.

This hearing today is about the People's Republic of China's access
to dual use and military technology.

This hearing will consist of two panels. The first panel will be the
Administration's perspective.

To give us the Administration's position is Mr. William Reinsch--
Under Secretary for Bureau of Export Administration, Department of
Commerce.

Back in June of 1997, I contacted the General Accounting Office
(GAO) and asked them to investigate high-tech transfers of a dual use
and military nature to China. The GAO concluded its eight-month
investigation into the effectiveness of Tiananmen sanctions restricting
technology transfer. The Committee will hear about the Loral Space and
Communications case, which is described in a Pentagon finding as
increasing the accuracy and reliability of Chinese missiles because of
corporate assistance from Loral and Hughes Electronics. The Committee
will also hear about the McDonnell Douglas case in which sophisticated
equipment was sold to China.

I am very pleased that the GAO has concluded the initial phase of
that investigation, and Mr. Harold Johnson, Associate Director of the
International Relations and Trade Group, is here this morning to give us
an update.

Dr. Peter Leitner, the author of Decontrolling Strategic Technology
1990-1992, also testified before the Committee last year, and it was a
fascinating testimony. Upon hearing about Dr. Leitner's article on
supercomputers, I asked him to testify before the Committee again.

Mr. Johnson, I'd just like to say that the thoroughness, competence
and professionalism of your staff is of the highest caliber in my opinion
and you are to be commended. Welcome to you both.

Mr. Reinsch we will now hear your testimony and then ask you a
few questions.

Please begin.
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U.S. BUSINESS ROLE
IN POLICY ON CHINA
IS UNDER QUESTION

AID TO MILITARY IS FEARED

Satellite Technology Exported
by Companies That Gave

Money to Democrats
0x

By JEFF GERTH
_ WASHINGTON April 12- In the

1992 election, many of Americas
ea aerospace manufacturers backed
_ Bill Clinton. But when President

Clinton took office, he immediately
disappointed some of them on a key
issue. barring them from launching
their most lucrative satellites on Chi-
na's low-cost rockets.

The aerospace companies coun-
terattack was vehement - and effec-
tive. Alter a lobbying campaign that
included appeals to the President by
C. Michael Armstrong, then the chief
executive of Hughes Electronics, Mr.
Clinton gradually came to take the
industry's side.

But there was an important cav-
eat: The companies had to keep a
tight rein on sophisticated technol-
ogy sought by the Chinese military.

So in May 1997 the Administration
was Jolted by a classified Pentagon
report concluding that scientists
from Hughes and Loral Space and
Communications bad turned over ex-
peruse that significantly improved
the reliability of China's nuclear mis-
sies, officials said.

Of ~~~~~~~~~The report, whose existence has
> ~~~~~~~~~been secret. prompted; a criminal

investigation of the companies,
which officials said was undermined
this year when Mr. Clinton approved
Loral's export to China of the same
information about guidance systems.
Loral's chairman was the largest
personal donor to the Democratic
Party last year.

An examination of the Administra-
tIon's handling of the case, based on
interviews with Administration offi-
cials and industry executives, llus-
trates the competeg forces that buf-
let Mr. Clinton on China policy. In
this instance, the President's desire
to limit the spread of missile technol-
ogy was balanced against the com-
mercial interests of powerful Ameri-
can businesses. many of which were
White House allies and substantial
supporters of the Democratic Party.

From the Chinese point of view.
this was the key case study on how
the Administration would operate on
contentious isues,' an Administra-
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Contmnued From Poge Al

lion expert on China said. The mes-
sage. the official added, was that
Administration policy on issues like
the spread of weapons and human
rights abuses "could be reversed by
corporations."

The While House denied any politi-
cal interference in the issue.

"I am certainly not aware that our
policy has been Influenced by domes-
tic political considerations'" said
Gary Samore, the senior director for
nonproliferation and export controls
at the National Security Council.
"From where I sit, this has been
handled as a national security issue:
seeking to use China's interest in
civilian space cooperation as lever-
age to obtain nonproliferation
goals.

The Administration's China policy
has come under intense scrutiny in
the last year. Congressional investi-
gators have been examining whether
China sought to influence policy
through illegal campaign contribu-
tions to Democratic candidates in
1996. That connection. first suggest-
ed in intelligence reports and echoed
by Senator Fred Thompson. the Ten-
nessee Republican who led hearings
on campaign finance, was never
proved.

The handling of the satellite case
noses questions about the Influence
of American ciatrlbutors on China
policy, according to officials.

2 Companies Tilt
Toward Democrats

Since 1991. the aerospace industry
has divided Its political contributions
equally between Democrats and Re-
publicans. In the same period, how.
ever. Loral and Hughes tilted toward
the Democratic Party, giving $2.5
million to Democratic candidates
and causes and SI million to the
Republicans.

Administration officials say the
contributions played no role in the
decisions to permit China to launch
American satellites.

'Ice Government has to balance
risks: the risk In not letting Ameri-
can companies get their satellites
launched by the Chinese, which

would reduce our high-tech advan-
tages, and the inherent risks of tech-
nology transfer." said James P. Ru-
bin, the State Department spokes-
man.

"Thats why we impose such strict
safeguards, and we are determined
to investigate and use our laws to
prevent that possibility" Mr. Rubin
said.

Waivers Required
After Tiarianmen

The criminal Investigation of
Hughes and Loral has its roots in
1989. when sanctions were imposed
after the massacre of pro-democra-
cy demonstrators at Tiananmen
Square, requiring a Presidential
waiver for satellite launchings. Elev-
en such waivers have been granted
by President Clinton and his prede-
cessor. George Bush.

But in late 1992, American intelli-
gence discovered that Chinese com-
pamtes had sold missile technology to
Pakistan, raising tensions on the sub-
contment

In the first months of Mr. Clinton's
Presidency, Democrats and Republi-
cans in Congress pressed the Admin-
tstration to take action. Mr. Clinton
responded with sanctions that
barred American companies from
sending military goods to any of the
Chinese concerns involved in the Pa-
kistan deal.

The move had the effect of halting
several pending and future Ameri-
can satellite deals because the Chi-
nese rocket-launching company was
one of those under sanctions.

Mr. Armstrong of Hughes, a sub-
sidiary of the General Motors Corpo-
ration, wasted no lime in getting the
President's attention. He wrote two
blunt letters in September and Octo-
ber 1993 that reminded Mr. Clintonof
his support for several Presidential
policy initiatives like the North
American Free Trade Agreement,
officials said.

He bemoaned his company's loss
of business to foreign competitors
and requested Mr. Cliton's personal
involvement Hughes's biggest loss.
the company says, was the opportu-
nity for a joint satellite manufactur-
ing plant in China, which the Chinese
awarded to a European competitor.

Clinton Confronts
Department Tussle

A key issue was whether Hughes
satellites were civilian or military, a
murky question in the export control
laws. If the satellites were labeied
commercial, the sanctions invoked
over the Pakistan deal did not apply.
Mr. Armstrong told Mr. Clinton, offi-
cials said. that Hughes satellites
should not be considered military
because their technology did not
have military applications.

Soon after the letters, Mr. Clinton
assured Mr. Armstrong in an open
meeting that he was trying to resolve
the tussle between the State Depart-
ment, which licensed military ex-
ports and wanted to keep authority
over satellites, and the Commerce
Department, which licensed all other
exports and was on the side of the
satellite industry.

"I'm trying to get on top of this to
decide what to do," Mr. Clinton told
Mr. Armstrong.

At about the same time, the Ad-
ministration gave signals that it was
moving toward the Industry's posi-
tion. After one signal. Mr. Armstrong
sent a letter to a senior White House
official relaying a positive reaction
from Chinese officials, White House
officials said.

In early January 1994, the Presi-
dent sent another positive signal -
what Hughes officials then called a
"a good first step." Three satellites
were labeled as civilian, including
mne slightly modified Hugh' satel-
lite, which allowed their launchings
to proceed.

Mr. Clinton's decision helped the
industry. But the satellite makers
wanted a broader decision that made
the Commerce Department the pri-
mary licensing authority for virtual-
ly all satellites. The Commerce De
partment weighs the economic con-
sequences when it considers an ex-
port license. The State Department
looks at security concerns.

In 1994, Loral's chairman and
chief executive, Bernard L
Schwartz, went to China with Com-
merce Secretary Ron Brown. Mr.
Brown helped Loral close a mobile
telephone satellite network deal in
Beijing.

A few weeks later. the President's
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top political aide. Harold Ickes.
wrote a memo to Mr. Clinton in
which he said Mr. Schwartz is pre-
pared to do anything he can for the
Administration."

In December 1994. the President
selected Mr. Armstrong to head his
Export Council.

And the sanctions stemming from
the Pakistan sale were lifted in late
1994 as China promised to curb mis-
sile sales to other countries.

Still, the satellite industry had not
achieved a major objective. So to
1995. Mr. Armstrong sent another
letter to Mr. Clinton, signed by Mr.
Schwartz, arguing that the Com-
merce Department should become
the primary licensing authority for
satellite exports. an industry execu-
tive said. (Mr. Armstrong. who re-
cently became the chief executive of
AT&T, declined through a spokes-
woman to comment.)

The debate not only affected na-
tional security but also had enor-
mous commercial implications. The
businesses that rely on satellites are
highly competitive, and European
companies were more than willing to
take advantage of Chinas low-cost
services. Without the Chioese. Amer-
ican companies faced long waits to
get their satellites sent into orbit
because of a shortage of rockets
Satellite technology is crucial to an
increasing number of businesses.
from cellular telephone networks to
global broadcast conglomerates.

Chinese Rocket
For Loral Crashes

Finally in March 1996, Mr. Clinton
shifted major licensing responsibil-
ities for almost all satellites to the
Commerce Department. The State
Department retained control over a
few htghly sophisticated satellites as
well as any sensitive support activI-
ties, or technical assistance, in con-
nectton with civilian satellites,

The industry and the Chinese ap-
plauded the action. But the events
that followed a failed launching in
China immediately raised questions
about whether the new policy sent a
wrong signal.

On Feb. 15, 1996, a Chinese rocket
carrying a S200 million Loral satel-
lite crashed 22 seconds after liftoff at

the Xichang Satellite Launching Cen-
ter in in southern China.

Chinese officials needed to figure
out what went wrong. By April an
outside review commission, headed
by Loral. was assembled to help the
Chinese study the accident. It includ-
ed two scientists from Hughes.

On May 10, the commission com-
pleted a preliminary report, based on
over 200 pages of data. analysis
evaluation and reports' documents
show. It found that the cause of the
accident was an electrical flaw in the
electronic flight control system.

But the report, which was prompi-
ly shared with the Chinese, discussed
other sensitive aspects of the rock-
et's guidance and control systems.
which is an area of weakness in
China's missile programs, according
to Government and industry offi
cials.

The State Department learned
about the report and made contact
with Loral.

Loral, in what officials said was a
cooperative effort, provided the re-
view commission's report and a long
letter explaining what happened.
Loral told other commission mem-
bers. including the two Hughes scien-
tists, to retrieve all coptes of the
report because of the serious securi-
ty concerns of the Government. offi-
cials said.

But the two Hughes employees be-
lieved that there was no legal obliga-
tton to comply with the request, offi-
cials also said. In late May, Hughes
received a letter from the State De-
partment charging that the transfer
of information was a violation of the
arms export control laws, according
to officials. Loral received no such
letter.

One year later, the Pentagon com-
pleted its damage assessment of the
Incident. It concluded. officials said.
that United States national security
has been harmed.'

The Pentagon report prompted a
criminal investigation into Loral and
Hughes by the Justice Department
and the Customs Service. The com-
panies say their employees have act-
ed properly, but they decline to dis-
cuss the matter.

One key issue is whether the data
turned over to the Chinese required a
State Department license and, if so,

whether company officials were
aware of that fact The criminal in-
quiry has found evidence that sev-
eral days before the review commit-
tee had its first meeting with Chinese
officials, Loral executives were told
by their security advisers that any
sharing of infonnmaton required a
State Department license, according
to Administration officials. Loral
never sought a license, but it may
have sounded out the State Depart-
ment.

An industry official said Loral had
immediately told the State Depart-
ment about the review commission
meeting with the Chinese but had
received no reply.

More High-Tech Data
Exported Recently

Whatever the evidence, criminal
charges may never be brought be-
cause Mr. Clinton approved the ex-
port to China by Loral of similar
satellite guidance information two
months ago. He acted despite the
strong opposition of the Justice De-
panrment. whose officials argued
that the approval would seriously
undercut any criminal case.

The required notice to Congress by
the President of his action was sent
during a recess.

Administration officials say the
decision was politically sensitive but
correct because no wrongdoing had
been proven and Loral had subse-
quently acted responsibly.

Since the inquiry began, Beijing
and Washington have been exploring
even more space cooperation

Last fall President Jiang Zemin
visited the United States and stopped
at a Hughes site to talk about satel-
htes. In advance of Mr. Clinton's trip
to China in June, the Administration
is seeking a broader agreement with
Beijing on space cooperation.

But the chairman of the House
International Relations Committee,
Benjamin A. Gilman. Republican of
New York, says the Administration
should provide a "thorough review"
of the Hughes-Loral case to Congress
before it goes ahead with a plan to
expedite approvals for American
satellite launchings by China.
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PREFACE

This document has been prepared to
supplement a itegraph presentation
on the need for supecomputers in
nuclear weapons design. The
vregraphs actually used (lpper right-
hand corners of the pages) are
indicated in the tent by a number
within a circle.

Additional supponing material, iden.
tified by a blue background and set off
frm the main tet, is also found in
the docament.

For the reader interested in a concise
summary of the main message, the
numbered viegnrphs by themselves
should be sufficiens. The table to the
right mill facilitate location of
important highlights fhm the
presentation.
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THE USE OF HIGH-SPEED COMPUTERS
AND MATHEMATICAL MODELS TO SIMULATE

COMPLEX PHYSICAL PROCESSES HAS BEEN
AND CONTINUES TO BE THE CORNERSTONE

OF THE NUCLEAR WEAPONS DESIGN PROGRAM.
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INTRODUCTION

The U.S. Deparment of Energy report, computer technology has
weapons design laboratories-Los undergone a revolution computer
Almos National Laboratory (LANU. capability at the design laboratories
Lawrence Livermore Nationai has increased more than twenty-fold at
La botory (LLNU. and Sandia only a moderate itcrease in cost. This
National Laboratoris (SNLU-have capability has made possible the
assembled the worlds largeo development of sveral new nuclear
concentration of computer power weapons concepts. Also, design
tnecessary for the design of nuclear requirements hae become more
weapons S is the purpose of this complen. We shall illustrate some of
document to enplain the essentil these compleities in what follows.
nature of brge-scale computers in
carrying our the weapons design We have organized this document to
mission of the laboratories, enable it to doable as a briefing aid

when used along with a set of
Many of the same arguments and ciewgraphs overheads). The essential
conclusions presented in this report oiewgraphs for, in this document
are contained in an earlier (19781 figurest are nuwbered consutively,
repon by Cold and Mattern. We urge beginning with the figure on the
the reader to obtain a copy of that en- preceding page.
cellent summary. Since that 1978
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CHE MISSION OF THE DOE WEAPONS
)ESIGN LABORATORIES IS
-AR-REACHING

The Depatnment of Energy weapons
ienign laboratonfes have a fat-reaching
nission in wppon of U.S. national
efdense policy. To accomplish this

nission. the labontories must, first of
.11 aintain the conent U.S. noclear
tockpile. i.e.. mintain nuclear
eadiness. Then, the laboratories must
uppon the evolution of U.S. nuclear
,eapon rstems to meet changing
etquirments such as new Soviet
eployments of interconinental
tissile systems. sumarines, or super-
aol silos. Our stockpile must be
dapted to meet whatever new
elivery system requirements may be
aced upon it. Additionally, the
esign tboratorife are required to
aintain the scientific and engineering

0
espenise and technology necessry to technology, to be aware of new
suppon the U.S. nuclear weapons technological possibilities in the area
capability, of nuclear weapons (an eample of

which is the nuctar-drt-en s-ray
Perhaps the most challenging pan of laer) and to avoid technological
the DOE design lboratories' respon. surprises. We must sustain a weapons
sibilities is to euplore the limits of espenise that is second to none.

Th. mfsnis ot the DOE weapon du1sigo tuhbsctoeln
is to maintain ti.trmtnoogy ttnes -ry to soppon
nnnter wapuot tu an etetttnt of U.S. natiUont
defente polty. Thin requres

. . M~fUlrTEoK"E.

* t sntsnaenitn ton Wnot 000 enuionnn urnin

* EutottT~ s ltoo usr Wtor Ont teoT1 HT Sro o Ds n

q
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LARGE-SCALE COMPUTERS ARE ESSENTIAL
TO OUR MISSION

Latge.scae computer are e ial
to carrying out the weapons program
misson Computers proide essntial
understanding and enable us to
simolate entremely complicated
physical processs Iee Figure S. page
13). Nuclear weapons are designed to
perform in circumstances and
surroundings diering markedly ftrom
their stockpile environment Co.
poter enable us to evaluate pefor.
mance and safety over the decades of
a weapon system's lifetime. If an
anomaly is found by a surveillance
test. esrensive computer analyses are
pedormed to onderstand the possible
effect of the fknding on the stockpile
readiness or safety We cannot per-
fom enough testing of the nuclear
ponion of a weapon to get statistics as
one can with light bulbs or even high-
esplosie detonatos.

As -e wilt discuss in greoter detail
later, computers enable us to verily
weapon designs wihiv testing limits.
Thes limbs are technical because of
the unequaled scientific and engineer-
ing compleity ol nuclear weapons
these ore the mosl comple problms

0A
lot which e at least undertand she
gocerning eruationsl economic
because of the enormous cost of
nuclear resting, and, of cour.
political in naure.

With large-scale compute, we have
'been able to improve our designs by
optimizing design paramete, while
reducing the number of costly
eoperiments in the design process.
fTests involving high eopiosies have
been reduced from IOg tests for a
1955tintage weapon to fewer than 5
for today's weapons because of cow-
puationtl Furnhermore computation

enables as to optimize what we learn
from each eoperiment. We will retam
to these points ohen throughout this
repon.

The final point to be wade from Figure
3 is that, by provding us with a tool
to simulte compleo processe and
improve our undetanding, computer
enable 05 to entrapolate to new
capabilihies As we shall see, it is this
computational capability, drwer. by
the needs of the weapons dsign, that
has made possible new concepts aMd
enhanced safely in weapons.

Largoes.t-e eopstt Or! -snontol 0o earryng ont tho
wospos 0osigo mission. Compotoso sno.s us to..

* 0000007000000 OFD 05'00000t 01?!!r 001)1P00
. o~r0AroL TO 0mn* oasr tO - -

on ......c on eromnc rn .E 0m

* -- torcrcr .-HD .- snncu
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TODAY'S COMPUTERS PROVIDE INCREASED CAPABILITY

Th. cnes of capa ad "cPap aloay' aw. opta toot. p at. say sO yea. to -e oat Bdditts hesunthtnY

-oo discuston of ,apenoptets. we win aetpt mt dntate ell danog At het Ao.tsttaCn benasem the natty dstanets had

ttso- concepms by way o tstottcal nalogy. We will alo diaso no Ihteoy to destn wok and no natlbiaht to lake sach ton

fth etrtce of ottaatotn asa scs It ifo -hethotodgy and as wnd oads oto accotant BY -It and ,ert h they retnod the"

at onpa on thE scotof wehod. c.uD w 40-y-a4tot eneaet uh the -tsa that they cotd
itwea theis capbaily to desi nety sligtly. t. they

A Histoelal Peysnpctne o .edy iatea thee caPacaw"to lo,.td by oddim -ce
The etdenat ahedrab snr bloa i the absrw of a pedo-

As sbhon the rfiga. - eptont Stoneteng a onef tIe theoy. Theit digneer andetood geowety ad ahets
he eost. and the U. sPace Csna at one of the wont ba had insafrooendenslandog of otataral bleces.
.,onon of wokiod's et eW tte a on t ia
os t that seenaI e-oomk hboeiss ha cotpted
hose to etlont how the pnts of iew of anp

quoetent and hactio do nastonatl teotces coosmed.

3h poeas ewpoyed senerol thsnd people Mli-e and

esohed aprtoiaely tone pennd of the gto oastl s-

rne of the soty a1 tato e The Bish Btoadian Conpon-

i concluded by dnect epeitnenaon that 800 wan-yeat
owe etqred to coosplme the eadiest oean of Stonehen
knom at Stonehenge J. c. 2750 BC) wB.i) e 9m wn-yeats
ser denoled to the fol petns M 0hnee llt ca 140 B.CI.}
-he ages hascton d the efloi was dedated to the catwpon

d the rots Satn and Blaeoone woks homt dtisnt

'womn.

A H~b Wh -to~" h--W

Aff tot tnttooog aaoolo

-

c is{- SiCSa~ O~~o~oN_ _ HI

*ntto-toO

itot'tng how-vn, tha depae the enoonos itcteas in
-enel of eft bween Stonehenge t and Sonehenge Ill a

mT of 61 and denpite the 1100 yeat that spartd the

ojes. the filio pwdants to the bes of ot knowIdgea Iu-
ted in apprioWately the Mte w-ay Both wee capable of

edictt cents. wotons of the wn and wos- lo agituakta

titng and bolh oight ha-s seed tetgioas prpe. B
nr stews to hane been no siguiloant fnctona adnance

ttes-d in Stoneheng 111 Apcao.tly, the early Binlot had

t been able to optone thetr cabahity to devlp w.ething

w ba hd onhy inreased thea c pacot to catry wate stones

oeploysg wo-e peopl.

the lte rMiddle Age. Coth cathodra wer being Wbill in

os thronsghot Etope. Cotiens dedoated thetr eint tIwe to

cooactton o a singe cathedrl, often to conperttiin with

n city-ae lot the highet or wride buibing. Each sew

igo aoewpt tt a sew height on opanded itnettio wofthi

The eobm I.ow siwple ttal ad -ns to a wone - cstif
appenach was a gnadal one. Ftanc Ba.coo gae us the

scenet wethod ,an tetale Ktohntque of waking a
hypotheC heyl and then tesitg and a-onmetg tha
hypothei oath espetitentl nnu. Newnon iottdaed a
anaytog they of g-aitioin t t67a and alo taaht o aoi

the ones a aeWan that ate the -es e of claIsa
wchancs. This classic era wat boghk to a clos with

Eingei'es seciW thty of eatIty. whih esblished the
faots oaio-hip beteen waw and enWgy, F c

2
.ad

poided the philosaphi ispeat. to the delottttten o the

atowhw bob.

FIaly. the ea-ty twentith cetooy bo-ght with 0 a new

philosophical idea: qanta wechans This dtawticaly

dtftens appowach to the ondenlandiog of onoi behator
owahed the key to o-ewooting the cagct comsrant that

had confusd genmatns of physics. The coolasaon was
ca-nd by aempt. to andettod thing to an atow or et-

to scale, woh which hkcan bane no dine eptn .The
new phtosophica odea loced cbmnit to gie p predicting

ea ly what woad hppen in a gien citcwstance and be
satisied with ptedittng the pwbhbility of diletent ene .
Aithogh the path to aderoading was illatitoled by the
qaanum thenry Ohat i the eroaattn wete w-ine. downt

weaninglal appiwatont to naclear ptokleos sack as thos iocnd

in weapon deign henawe psohibe only Woh the inttuodacton
to wodw cotopoten chat ts. when the e -aattont cooi he
wohedl.

The Manhattan Engitnenng Disnac cos we' S2.200.f00BO.O

and the H..,s of onet 200.00D peopl to devbp the finl

Owen bDoo. The Manhattan Protes was andenaken at a Itie
ohee W tew ctenaiftc tho-ghl had long heen at the thewy

and e perwent stage Nenhoeles. the itbiltty to caLcaae

tolatto6s to co-pLe ptoblets hawpete deelopoent and

lotced weapons dettgnets to uild it Lrge wargins gaim t to-r

le g.. Lage awoants of high e whtch mncwased -eight

to shan an e Ient that se desigets wore -nceat the

denwce nood acItly he canted by esotitg atctakl At the

me Itme. physicins had no ay of ptedititng the Oatpp of the

itploion denice they had only watgtna asitily to pnedict

woubd etlde

Dwenn by copien weapon pwobmnm sewmrog Iow the

Manhasan Ptaet. lohs von NeNart it 1945 in-nnted the

fin woden' cooptet. Two yeas lter the tanststo' oat
deeloped at Bell labotatortei by Btdeen Bgtalin and

Shockey. The stfgra-on of thooand of ackh transisot on a
single iny chip of stlwe soon lolblwed The Atomsc E-gy

Cootsiton design Lba.taottei wee oawk o ndetmand the

10
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ND CAPACITY: A HISTORICAL PERSPECTIVE

euremen impnprlate or c tmperni to thetr mutiny Hock op
coreL: won intentsion toturnniev at the toretront m cow

-eng techologs. they moeloped the world s srgevt cumpuat
tional belaclitet tot stience and t-nnrneettng dritt cnomttuTer
t h no lo as ti nor d oi sn

To tltut.ate the caawbtlty and cNaacy r modem wprnom
aes.n me tamed to the s eIncmpaens them. ueprh Ie asked

a a~ttes anatY to cakublae the lumn at all pmnt inl t he
stucaure ot a medieval nathedra-ad he-e to d-emevne ils
masimam allowabl hrhl gi-ven a cnein spacig o flying
butesors The figue show the t eri s distribtiont no the onos-
senrom od cathedrb t0O rem and 13t leer high. respetvel

Thu inlorwat ion ts used to fihd he locator and etent oi the
regom sh-ne filure iu m ot ikely to occur. Euamialin of he
t04 o-othigh cathedral -reoalso uailute However when the
bhilding is increased to 134 reet onhhou arc increase in mall
stength, he roof 1 the highestl -alt collapes Isee arure-l
Eamination of the 9locolr stres dutributitn aS oen ov a

-repater te-oial creen, cearly reelsh the tailure Wpo

The figur also pvide. in the right hame. a repesentaion ul
she disp.acements uhoh the nulent oi cells c-,prrtiig the
cathedral alls euperrence under the added load The dsplce
moes hae been magnifitd rot illu-ratme puruset n actual
lot, the walls mould have -ome rumbling down loop brute the
osthedral cnY-sentuto distoned hit much The tensile urenoth
the abisty 1t r-ust being pulId apanl used m the calculation
was chosen to represent edieval mona-. and the compressiv
trength labily -to rec berinFrvshedl was that oi granite Oct

stress ana1ys mat abl to impore the caoulattuc h tciudrg
the enenTs ol a 90 mrkeper-hour wmd on the cathedral Such a
lod mould denroy the cathldral even at 10i eel nenoc a
clver spcing oi flying but.retses onuld he necettac

What could hane been done in minutes on a rupercomouern-
to deime the height imrtarioos or a GCtho osthedra! Thi is an
e-ampie the caorbirlt or a modern sopromouter The ran
tht a Prson could design a.-her such cathedral the ner- ves
day illustrates rh capacit ot a sopercomputer Imagine e
itcess in m prductitiy o the ieemasons ii they could hate

obtaed -sh an-men mi nuer-athe than by the trat and
toot p-tos thoh took so many wea-!

A more telra t ditttatmn of tumputatmoal leverage s pro-
tndey by replttat. g the Manhattan Propeot desn. Ag oin, the
Cr-a tspetrotet mat emptuood The deicn yeld. uwhi m
945 -outd onty be deeonmred espe-menthy mat ciku

rated to aunnuotmarel 20 ines on the Cray 0 hs benn
esttmated that a team o .f soteutus tm g the ca l o of the

IM4t mould take ht yearn to solve mha. n taken a Cray com
pater urn seond to pedoon Addtng mote teams oi sutenttstt to
the Problm it 1940 mould have itcreated the ,soaica of the
pont what as so cleady needed was a diamau roomase m -

a.pabtty r mooId be a geat deal mr oornplsoased be the
saperoomp -ter so nkual ae the derails ofhe ota it of the
decor hout so lhe Cnry -od be rquired. - nely to
du"Ioate Mv ohanan Pru1 r -e.shs. bu to pmduue a leel of
anderstanding Iar beyond.

Computation-The Third Methodology

etauining s out hiodicwal ilkioratnm . -am not tn a
position so sate the entral poit. A thitd methodoloy has
emersed sin-e shout 1950 twhic has changed the ma rtn which
sune is done tody. Anned with the proger erquatiom
the-ryl me can now deign by soving there et-aono

Large-sak spe-nonpaen. Only when the deign paramete
have been optuited do e pedrorm an esperonent tIolt
verf the pdut. The Igul aurates thiu nlelss The idth
of the _ononeting lin i meavt so illostrare that me now per-
lone a II " m any omprtter calnuattons beror ahimug at.
deign to of rs tfS. 1 a to be emphasied. hower, tht
testing cano be ekminated abogerher. 0 nan only be reduced
and a1 the tame toie made -noe porduai-e by nompatarn

Computation has been introduaed in
the pre-espurimentat phsse

It
The third mehodology has tcrased both the capacay and
cpabtlhty of the nudest weapons desigoer Computa1ion
provide the weapons analyst wilh ho ability o tickly evauate
oew technologis and designs Although teutg u nreitred. i
nanow be thmtght oi a an aematioe As the main body of thts
document aeus to nithour supercom oul er. the n ionts
raclest moapons program mould be deprived ot much of its
uttlaliy

11
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EVERE LIMITATIONS IN TESTING MAKE
C:OMPUTING ESSENTIAL

Supeconnputing has been drien
rlemlessly by the meapons program
ecause of the unique severty of the
mits of testing (Figurex 4 and 5). The
chnical limitations are enormous:
umnee temperaturs and material
elociies. short time scales, and
mplicated physical processes make

irect measurement impossible.
dditonally. tests are performed deep
edenground using data-collection
struments that mu.s be protected
om last and radiation. This is one of
w most difficult instrumentation tasks
w, performed and is severely limited
the information it provides.

:onomic limitations are also sevee.
nderground nuclear tests are very
spensme in both the dollar cost to
n program and in the scientific man-
,mer that must be devoted to the

-eparation and execution of each
0. Other testing, such as that on

S
high explosives, hydrodynamics, and
structures, is alto expensive and
difficult. Computation continues to be
increasingly imporant as a tool to
insure that we are denoting our
resources to the most usefut and cost-
effective testing progranms.

Of courn ther are national policy
limitations on testing as welt Consis-
tent mhh that policy it is our imnen
to meet the obiectives of our missiom

IFigure 2) with the minimum .oboer
of nuclear tets. Supercomputing is
essential to that goal in providing us
mith a tool to simulate the comple
processes going on during a nuclear
explosion.

h is possible that me may be faced
with further reductions in nuclear
testing adivities. This mill place still
greater pssure on our computational
capabilities.

12
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WEAPON DESIGN IS A MOST
COMPLICATED PROCESS

The design of a nuclear device is
mnde most complicated by the
dificulties involved in testig. E otter me ef
temperatures high velocities and the I )
short time scales on which the cap
sio.n proceeds make diret measure-
mrot of critkal features impossible.
Computers provide the necessary tool
to simuLate these processfs.

13
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COMPUTERS PROVIDE US WITH A TOOL TO
SIMULATE THESE PROCESSES AND DEVELOP ENOUGH

UNDERSTANDING TO MAKE PROGRESS
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NUCLEAR DESIGN REQUIRES
SUPERCOMPUTERS WHERE
NON-NUCLEAR DESIGN
ZAN USE TESTING

Our dependence upon siapercom-
uting is illustrted graphically in
igou 6. In the design of ny other
omplen dtwice or machine land for
ertain limitd parts of a nulear
imapon). epetrimental facilities can be
St up to obtain dat UE the device
efore actually producing a prototype.
he aircaft industry, which is begin-
ing to mahke heavy Use of supecnot-
utlln, is a case in point. There, wind
innel etperonents can be performed
n the computed design befoe the
irplane is flight-teted.

0
d1ower, there is no parallel to the
wind tunne in nulear weapons
design. No esperirnentl facility euits
which can pretest critical nuclear
design pararetee. Facilities eist for
initial testing with high etplosies, for
testing cetain ounctunl engineering

features, and for testing non-nuclear
componets. These tests which are of
enormous saloe to the design still do
not enable us to evaluate pnrcesses
which only occur during the nuclear
e"plosion itself 1ee Figur 5).

2DAY'S SUPERCOMPUTERS COST, IN CONSTANT DOLLARS, ABOUT THE SAME AS
-STERDAY'S, BUT ARE MUCH MORE CAPABLE

he ten r supnrponiei ha none to mean the root
wdul macheire ilabl 1 oning arithetic perom
o gtlen pont o tine. While the cn o a rpconpuer ti
roat 1905 dllRan ha emained elat e nabe, the
a itiy o .h nw genern of machos hs inreased

Vatilly. tI the acopanig fgure. -e e that. h
ned in tenms of Ciuyt eq ale. the co of cd Mprt
abilk dyecreagd hy a two o roughly tltotwot 19t09 to

to while, at the -ante ime. an in-case in capblity per tor
or o greases than ten orden t1 magnude was occunog

n product dO thee w tato ha rod in hts-ret y nable
eeWnptet cons. In comnUt. the con or crsner goods
has artoroobles has g1one P dranatically with only
detain incrase in caabilty tan uill m-e at Abcst the
,n rceed. rneth the mon hid. ew.l

nlauters am highly 'eraged"; they pnd errnos
reasn in cabiliy at rltineley onttna con. Thee is a

tond -man le this. tLe all modem leconis comper
technoogy ia baed upon the argt-scale nagration of e.c
tnni conepones on smal thips of rilcon lo. tn the fnure.

other mtn t"h mas gallium aeide. Impnems in the
-ed and capabitby of elctronic dnes oet bh

erandaure keep findig innn.ati ways to pri morn
conepemr on these luoi chips.

in the late 1970C fundamental cha-ge in -o"pser design
krn s r pwocessq was intced. A rec macho
is dIigrd mo peae deiiety n lone los of nobeo, -ch
as these conononly -nond in stmoihr to ppuatt .The C ayIt
ma the fint omieciapy successfl rpetompnter to e-pi

thitheology. A utilar apporh has msquel been asd
in the CDC Cyber 203, 205 sies, and the Cyli XmP. VeCor
pencst hs made poib the tonm-rd grwh f cor
poitng power at connam ott into the tw9s.

14
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NUCLEAR TEST AGREEMENTS INCREASE
THE IMPORTANCE OF COMPUTERS

Computen are mote impotant to
nuclear wieapons design when
ageements limit teting. In suppon of
thre atmospheric teto-ban treaty, me
perfom oar nuclear tests under.
gound. A weapon's perfomance in
the mode for whih it was designed.
perhaps an aboae-groitd burst.
must be inlemrrd from test data by
extenswe computer cakulations. Such
cakulations take account of the
"dowm-hole" envionment, such as

Moo people belie that computer tachnou hbus rached the
poim whew trnal pmcest is whbi a ftacor of tO of the beat
h n do. This is chiefly doe to the tindaimistul limotion of the
speed of an electril signal. i.e. the speed of light.

Howoner. stiltl nwther technoogy parllel pnoessc. is on the
hoenon whikh should enable the crmOisurion of erronano
gtooth n compurer crsability rto the t990 A parallel
mahine is situamendtY dideto tnt a seIa r -on
Nesmnnn ma-hie. Irsoead of ptceinig mrimation irohgh
one ceertl unot a numtber of processos am aranged to operate
bi pwallet on diflewni panM of the problem. Thus, fr enmple,
die Crosses on the wais o our t othic cadiedr.I (fte pages 10
and t l would he obtainted si eu y with these e nh
mel.

0
reflection ftom teePcasity walls whch yields o t50 klotons or less. To

do not esist in the atmosphere. A design beyond this limit. computer
second agreement, the threshold teest trapolations would be relied upon to
bun, limits teeing to weapons with venfy the pedormance of the weapon.
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COMPUTERS ENABLE US TO INFER
WEAPON PERFORMANCE

-FROM NUCLEAR TESTS

Computer analysis is oui link
bet-n the underground lest and the
wastimesitaation. A wehicle conttaining
a nuclear wahead might be enpected
to withstand nesy high accelematg
facef and wathead surface
tepnPeralures which are changing
tapidly as the wrhead reeusi the at-
nosphem. In addition. upon detona-
tion. wahead output witt be affected
by backgound en-ironmett which is
radically differem andergrund leg.
eutton relectiont. These condtions

3bviously do not exst, and cinnol be
easily created. undersgound. They
nst. therefore be simulated by comn.

sute. Comoutles enable as to infer
teak-nnonment weapon peformuance
tomn underground nuclear tests.

he batle environment itself can alo
vsne an importnt influence on the

edomnance of this warhead, In a
nutipleo arhead attack. each rmesnsy

vehicle is to some extent exposed to
the blast and the radiation effects of
many of the olher warheadt in the
savo. To psotect against this

fratricide." the designer must under.
stand is effect on system performance
Since the true nnviaontnet can only
be produced in an actual attack, and
practical constraints fimit the entent to
which the appropriate conditions can
be produced underground or in
above-ground esperimental simulation

facilities, the computer becomes
absolutely essential in the evolution of
a design that mill sunine the
'fraticide" threat. A similar situation

eists in the case of an attack on a
reemenng narhead by a hostIle anti-
batistic missile (ABM system. Here
again, the computer is essential in
designing a system whose nalnenability
to an ABM attack is reduced to an.
acceptabe lvel.

16
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TWO BASIC TOOLS FOR NUCLEAR WEAPONS DESIGN
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Is Figure 9. we ha plotted the
corspte por. i Cay-i
equrnalents. of the entrie design
lobornory compln as a luruion of
fiscal year. Sule-of-the-an mairframe
compster acqtisitions are called out
The design coinples has increawd its
comprui capabiliti on this scale by
a factor of nearly iOWfJ00 since 1950.
The increase acually represents
dewelopenu in computer teds-
sology. Indeed, the needs of weapons
echnlogy have actually driven the

Je-oiment of supercompts.

The data points on the curve in Figure
I are specific saumples of MajW
rdvances in nuclea weapoes
echnolfoy, those advances which
ae made a significant impact on our
uclear detement (not jul refinements
f older designs). These major
dvances could not have been
chievd wthout the enmoous
omputer resources brought to bear

t them. COMPUTINC CAPABILITIES
RE ABSOLUTELY CRITICAL TO
ROCRESS IN NEW DESICNS.

he pnoof-of-principle of the fust
tennonucear device (named
'iKE") in 1952 was the resuf of en-
nsive calculations on the largest
xnipute of that day Calculations for
C fint weaponized thermonuclear
imbwere done in the early 1950S on
UNIVAC-t as the factory in
hitadelphia. When the Snsets
troduced the fins intercontinental
iglisic missile following their

romwouis success with Sputnik and
ei long4ern Isince 1936) reearch
I rocket propulsion systems. our
sponse was a small strategic
thead which could be launched by

smaller rockets in the U.S. arseal.
is was no smail achievement; it
resented a new dimension in
clear technotogy that could not
wr been understood without the
enswe computer reourcf of the
)g (As a maner of fact, it would

arocke with a thust of senral
* missiles to Launch a warhead
ghing as much as one MIKE
ice.) in this waY the mission of
DOE to adapt the niockpile to
nging weapons Systems
jiekments was achievd.

WEAPON DESIGN HAS REQU
COMPUTER Ci

10 3

10

rn~ 10 1
Ij CA> 1

o f-r 10-1

LIO< -

FIRST HIGH- 10-3 !
EFFICIENCY I f
PRIMARIES

1950

In the late 1960s antiballistic missile
systems LABMsl were being dewloped
before inns agreements we signed
limting the deployment of such
systems. The Spantn AbM design
reesents another ample of a
technology that would hare been
unachievble withot the DOE super-
computing facilities. The details of this
design, which derives s effectiveness
fromnts large ,n-y olspt. are
enceedingly critical to Us ultimate
openation and required the most

TAILORED OUTPUTS-

1950 1970

FISCAL I

sophisticated physics calculations
possible. This is because of the
specialized -ray output requied of an
antiballistic warhead to kill incoming
warheads. S is estimated that the
computational power of a CDC 760O
fthe supecompuer of that dayp
running ful4ime for an emire year mis
inquired to design that system.

The early 197 initioted the concept
of tailored-output wapons. This
concept made postible a credible

18
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-D STEADILY INCREASING
ABILITIES

-40
X-RAY LASER PHYSICS

ENHANCED SAFETY WARHEADS

PARTAN ABM

;TRATEGIC WARHEADS
.LERY
R PRIMARY

$EAPON

1980 1990

R

nuclear deterrent that uses the loest
possible yield. In lac, tailored-output
weapons are designed to produce the
least possible collateral damage
which is consistent with military
effectiveness. The first ol these designs
was made possible only by etensive
use of CDC 76O0 technology.

The tailored-output nuclear design is
but one example of the generat trend
of the U.S. stockpile toward lower
yield. As a matter of fac, the total

,§Ejoni', r h. '

v--,

yield of our stockpile has diminished
by 75S since 1960, largely due to the
sophisticated designs made possible by
supercomputer technology.

A number of high-value strategic
targets hae bens identified in recent
years which can be most effectively
neutralized with an earth-penetrating
weapon. The effectiveness of such a
weapon arises because of the much
more efficient coupling of its nuclear

blast to the target when it is used in
the eanh-penetrating rather than the
air-burst mode. This coupling again
allows military objectime to be
satisfied ohh a much kner-yield
woupon. The combination of
penetrator impact veocities and
ground-entry angles creates demands
on the design which can only be
satisfied with elabosate t
dimensional and often thr
dimensional calkulatons. These
caicu.ltions in tum can be
accomplished only with additional
computing power Ixe page 21).

Figure 9 also emphasizes the
difference between capability and
capacity, teems that wee introduced
in our historical perspective l(e pages
t-lol.) With the computational
capability ol about 0.0005 Cray in the
early 1950s no number of machines
of that day could hae been ued to
design the smaI strategic warhead.
The lactor of 2C0 increase in computer
power between 1950 and the early
96Os. when the small strategic

warheads mr e designed, does not
mean that 20019504ype computers
could produce the design. Such a
conclusion would require that all 2W
machines be able to murk on the same
problem at the same time which was
not the case. The 200 machines woud
cenrinly hae increased the capacity
of the laboratories to design more
weapons but moud not hae provided
the capability to design a new
generation ol nuclear weapons.
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ICREASING COMPUTER CAPABILITIES

Earth Penetrator

Recen prel...na y dsgn tudi han shos a vgnoscan
adnarsge o buted nuchear burts ant a barsl s en tag ts
-sh a underground cormatd cents and nba are beng
anacked. Thtee resbs h n Sg nrs ated rernrd rter o a rhe
design f earh enernrators that con be deineed fron Irenry
efhicf and are capable f high ysetd. Soch weapons. ho r.

h the. d ge hf ng to wre the erene bods
generatd front irtar ant rocktike targ, s at -e.c.es as hghh
an sn thousand tfen pe ond. The den n d
Wtaegic eanh pentats ref., heanty opon a canednated
computaitnat anahsss and tent progr. a9nc the numbe f
possiblb inpa ang. en nd elcoiies n o errrerts. onfy
thtuph vo ntusatov van we rrr at a design in shfch on
hae vonfdence.

In the past. penerrator designs hav tgeffy bee based on tice
f thumb assmptions and simpte hand caicularons The -eft

has nypvatlly been eihe a heavy. anefficent design or one p -ro
tp batre. Peneraror denpetren program bilrues mere eldon
predicted in advance or en adeuatefhy ptained. targey
because d the unacaitbity o tous toth hardware and oh-
-a.re for the catUation of lte l toads asoiated wrh

okbliq impact.

With the advet d the CaytI conpuer h biieae possibte to
refine pererator designs by using fine element anatly of
ren ispa in .acts fihi th gener1e no tterat todsl. These -
dine nat tasymretic anays . ioaltabe in pedicrng
aulat drec tr ions tot canons a rg and rmpaut setocine. Sw e
enee rvpreentaiv re lbs than the pre us rkauations. We
have thus ben ahte to approach a minimun, right. eICter
defsin

The figure depcts the anaysis f a trategiv eanh generrator
inpac nS a -ediant rengrih rok at a ve cay i t200 ten pe
second. The reutant penetration is h-o ., at one-diltisecond

reecah. The hingsf in the fgnr (which mould be vilbl In
valer to she anap dipay WSt s in the pe a vase and
tine f donamn pres in the Urge mateca. Thih attfyi at
a WreltelY bw ety, sh d that the pnetmro wonsd nor
srwc e mpa a orto this trget it ddniorui stresses don so btltal
tods were iohaded. Also, th dph f pentation pedtited by
s h e c o d e r o o M b e t rs ffic i nt b e m rno u un d erg r o u nd
en.ry coupbig. A defon.e sfaemen culd not be mde o the
urni blity b ec use o th e inad equ a e to t to w a e tol d

prediction.

h ha been eroablsted tha soh-a which can handl those
toads will teqa a -onpsaer reh a CPU speed many imes
faer thn tdays m-chin-s.

21

Coer oro se lo - rt ty rrero epn
gmstm g -e nsin twer o

ii EJII



71

ADVANCED COMPUTERS ARE
ESSENTIAL FOR...

* MODELING COMPLEX PHYSICS FOR
ADVANCED CONCEPTS

Advanced concepts such as s-fly
haer require a urderstandtng of
complex physics. Moderng and
sinulation provide an essential means
of learrtg abkost these physical pro
cesses: approximate models which
may be appropriate for more corven-
tional desit. simply do not contain
sofficieot detail to predict real-worid
reslths.

For exmple, the opacity of materials
IFigure 1) must be known flo in order
to benter undermand the device perfor-
mance, and fbs to predict the ioerac-
tion of n-ry output wrth the target (for
example, a reenty vhicle), that is, to
predict the lethality of a weapon as a
function of target material Reiable
caiculution of she energy released
from the imploding nuclear materials

0
in a weapon requires accurate Today, weapon designers uoe an
knowledge of matertal opacities. approxtmate theory of opacity known

as penurbation theory" in their
it turns out that the same leel of design code. Thb is because a single
caiculation required to understand opacity calculation of a plsma at a
opacity is also required to understand single density and pressure takes
the enormously complex electronic approximately SO hours of Cray-1
energy klvels mithm atoms. This lvel time using DCA theory, while the
of cakulatron it known ax "detailed same calculation using the peturbta-
configuration accruntingr lDCAs, a tion theory mould take one mli-
relaisnwsc quantum mechanical tres-s
ment of each individual energy lvel
of the ajom.

RADIATION ABSORPTION AND TRANSMISSION CALCULATIONS

The ,,ess to nhih ddifre , rtpes of radiatie ecergy such -
c-y., are abed or paw rhrgh a green matera is indicated
by a property of she material known at opciey.

to she deradtion proast. a rudear weapon reless -
trerado amunt of diie eergy which may be abbed
by rosedog malsi. Or a so- a nuclear weap.on the
imtr pan of she over deorattion prnma reid hence she yreld.
r be sglhay aWected by seh -mouro of energy hranbed.
m ra nuceor driven directed energy wepon -sh as as -cay

cer detailed kne-lede d enery abtosn bO the lating
tateriah it she cructal srce iu deterni.es btrh she pssblry

ard esenr of lag Th, curate k rwedg of.paiy is an
esea de ant he desrgr of bhsh presnrt- and hrutr-

eneniont nucrcea weapc sseme

liice opacity meawnmens onden the conririsan of nuclear
craon dosseaion me bsth ddick red Wes te 5
inpuAtiutal aproach i required The 16lesocg exapl of
-ray absorption iflossatshe dsl of supe r puwse

X-ys and higher- y phs (light raysl produced in
nuclear wenses imnc moo crstrgly wxh thmom cores
electmm of those aomnr which contin a great many Iectrons
There nnm elecr are Vraneg at relstvioi nce.
that ist at mey seady tie speed of Light itre. if snays of a o-
rat energy can Se comletely through a maenial, the matenal
it id Wo he truaoprmem to u-says of shut eng d nne d the
s-ra can gm through, the mamial it sid or be opqan to
stays of rhat energy, a the real world, nether estre - escurs:

e speak of he sparty' of the maerra she degre to whi
rhe s-ry re unabrele mnake it trh sgr.

bs she figore at she rigts. we hae sketched the kasic idea df
opay. The lrnge circles nrmeee ionred aoms, and she smut
dots npscr eleos comprstg a apbrea- pAcos is a
coltection d leconm ard pose that i, aorms an highly
ifused gat foaned at e ly high temperauns, uch ha
shore eornd during the operatat oda nuclear weave The
-irlp hne rpresent c-roy ph n re W la t p r gh the
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second, a factor of 2 10t5 in
computer time. Considering that the
density and temperature of the plasma
may be changing rapidly, such a
calculation ould have to be per-
fonned hundreds or even thousands of
tmhes: that is, it muls be performed
"on-line." fCA calculations are now
used to check a panicular opaciy data
point; to actually design using DCA
theory wAIl require a compute
appronimately 2 a 108 faster than
today's.

In Fgure it a compatnson is made
between the results of a fCA and per-
turbation theory calculation. Penurba-

0
lion theory evidently is not capable of
identifying the location of any of the
major peaks and, consequently, would
be simply unacceptable as a design
tool for advanced concepts. fCA
theory, on the other hand, is able
to eproduce the enperimentally

observed peaks from first principles.
These peak stnicures are leis critical
to conventional nuclear designs
because the uncerainties itroduced
can be resolved at additional time and
enpense through funher underground
testing.

plasma. The electrons resde in spedrc ener-gy klns andun
mahe tramuons hon one level to another by U1 absotbing ore
of the pltoti ;I ue cdesl hkich ewees an lecuon to a
higher tate an lb) arwng the photon to pa. thrsogh
aninhibiued (open cirscke. lf the energy of an x-ray rear an
elections Uansaion energy he one of the onuied atons in the
pi-la. there n a high probabliy the .n-y roll be borbed. in
the absens of such an electronic tamiton. the n-ray n momt
likely to be undiurbed and to cotinue on its may

vwhich choke the atom makes deperds spon the electronic
enerty lken whkh can only be cakulated using detailed

nigsr ation accounting IDCAI tiee bsel. Such cakulcito
tiuso a -tonpter two hundred milion tims taster than

toay' supercsmpuiers

The pmrobility of ubsurption detpnds spOn the denry and
tempenatue of the psma because these factors influeice the
olecDnak tiamiton energ ien tmhe plaona. Write n a mndetd
the the deey chages by a far of ten thond and
the tem peraur by a factor ofsen miuii .
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ADVANCED COMPUTERS ARE
ESSENTIAL FOR... .

* MODELING THREE-DIMENSIONAL . as tmAsns

FEATURES * ro rram .c ,a.
CaDttere tras TAuI

* -i At sftea *5 nor nera Wise
Many of the consmple physical

festure inolved in a nwek., design
are intrinsically theedimensional. In
the absence of sufficient coomputer
capabilhty. one- and two dinersional
aVprpOttions are ensployed hich At the present stige of conrpter comnbining the resuts Iron the siries
can gine inconplete resuts. This deveaopment. there are signifcant of simltet elrnemits. Typicalty the sub-
dinsr ality proble has been and nimitations placed upon weapons dmiion ainto smieter demtents i
continues to be an enonnoas force simnlations. In a one-dittensional accoanplished by supettmposing a Vnd
drising computer technology. analysis (af what i really a three- or mesh on the object and defining

ditnensional probtit the object the imitaer ememeis by the location of
In bomt cases. h is the fundawental bhins anlyzed is typically subdivided the intersecting mteshhnes which forn
law of physics which is three. into If to If smiler objects or their boundary. These points of in-
dimnensional and hence not reprnt- elemens which are then individuoaly tesection are known as
able in one or two dintensions; in anafyzed. gy pnoperfy accounting in ,nseshpoints." In general. nunterical
other cases, the geometry of the these individual analyses for the in- accuracy and spatial risolution is imnt
peoblen is deliberately sinptified in fluence that neighboring elentents powed by increasing the numbter of
order to becone iolvabe on today's hae on each other, the behariot of ereshpoinu. Unfortunnatey. this also
contputer. the large, object can be calculated by increases conputing resource

MULTIDIMENSIONAL COMPUTATIONS INCREASE COMPUTING
RESOURCE REQUIREMENTS

Addnga eod or third dinenon towa rbe suhm afiy tr rneshponts per drensnankh a . thedneratnal cacuU
Inceathsr the et tke a are W* ti pro v. tan In a rns te hish is 0t th. nn (. greate tshr
This ithlsrated by the actrnOgnti-n ewhere tre telatir t0,Mo times the giannralnt caatt.
hceanas- rn tanr tra rypicl -Icear _raon dq.
prbl ii pesented s a h oni on d f the nte ne Atrm the n.nhas nY ho m one r hro th net.

the -..W e Wr r n unchanged: T _-dinn
rnolations of the Wtyp encontered h. trh nucl wao pf-

F. the cas of t00 esehe per deenstia. n- tOne nwamo grate1 m uittwso saoantal iowncm in coasptintg poore
by a lactr t rghy 2 tO going h ron two dan un och calclaton ore to cnr a u.- pan rho desgnd
Nrt by * loote of 3ll.O going irt Won three der. Prrenss.
srap. Ths whereas an an on the orde sent of soas
to a ht iotnes are typia tho onredinsieeutl prhblts on a
Cais VI cormue. a. te-d onall c lne irthe
stre neh esohaus tnd rm dor hsW hofus. At thr

PhO So worh rd tteh that the endrw diuossed wn
be 100 nwi s po dhonsitt. hany plsoer t il mw
ddk*en.1 Ate. r y an iewe by a hor of 10 pr

dbrtenate. orn the rlgfree w that Iaengn to teclude
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requirements. For illustrative Purposes.
we will assume 100 separate mesh
poins are adequate. To solve the
governing equations in one dimension,
10 separate pieces of inlormation are
typically required at each point. Thus.
10 words of compuser metory are
required.

As a second or third dimension is
added, each _ill also be divided into
100 meshpoints (although in practice
the number of meshpoints chosen for
each direction may be different.
depending on the nature of the
peobleml. Since it can be shown that
the number of separate pieces of
inmormation required increases to 19
and 27 respectvely. for the two

©
and three-dimensional problems, the
increase in compoter memory
requirements can be estimated. This is
done in Figure 12.

For comparison, a Class VI computer,
sodh as the Cay-1, has a few million
words of memory. (The Cray2 corn-
purer will have 4 million words of
memory when operasionwlI Clearly.
Class Vt computers can be used to
calculate three-dimensional problems

only if she designer is willing to
tolerate very coarse spatial resolution.
For certain paris of the preliminary
design process, this may be quite
acceptable. For problems where
detailed 3-0 resolusion is required,
Figure 12 show memory requirements
on the order of 109 to 10lo words.
This wil require a several-orders-oe
magnitude increase in memory over
thus projected lor any machine in the
nes fee yearM.
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ADVANCED COMPUTERS ARE
ESSENTIAL FOR...

* UNDERSTANDING PHYSICAL PHENOMENA
WHICH ARE IMPORTANT TO THE
OPERATION OF DEVICES AND
CANNOT BE MEASURED
EXPERIMENTALLY

Then ame many physical
shenomena imnvohed ia nu.clea
mplosion whih may never lend
henseles to proper meamemn
,ecause the anentpt at the measu-
went msay perturb the resuh itself.
nstabdlties ar le this category of
mporsant phenomeni which only
ncd themnhes to computation and

or which the computer power of
oday is inadequate.

he interface betwen two materials is
ever exactly flat or perfect;
nperfections awys exist which can

vtigger an intlbility-Mathematicians
like to simplify the description of such
complicated problemn. We see this in
FRgure 1 3ha) Where a single sine wave
ih used to approsimate an actual
perturbation of the Inteface. When
the amplitude of the perturbation
becoms large, the interface begins to
take the shpe of boubbles and splkes

as shown in Figure t31b). Eventually
sheanng instabilities occur as a result
of the relatme motion of the materials
along the side of the spike. This forces
the tips of the spikes to roll up lFigure
131c)) and sometimes break ofl,
leaving chunks of dense material in
the lighter matenal.
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Although illustative of she
phenomena, the single wavelngth 3
perturbation is not repeentative of
the problems encountered in any real
situation. Real interfaces are treated
mathematically by including more sine described. Calculations involving only
waves of different wavelengths in the a lew waveengths, capable of
calculation. In the limit of including an representing only nearly perfect ur-
infinue number of waveengths, any faces in one or two dimensions, stress
comples interface could be ectly existing computing resources to their

limit. Presrent computers do not allow
any detailed calulation of
wuhidimensional, mubeaveength
phenomena.
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ADVANCED COMPUTERS ARE
ESSENTIAL FOR...

* MORE ACCURATE NUMERICAL
AND THEORETICAL METHODS

There are fundamenally two ways
to improve weapons dnign calcula-
tions: more accurate numeical
methods and inprowemernts in the
basic physics. Mathematical techqruen
can hate an enormous efect o the

ccuracy of the cauiclatin given a
specific physics model. More physical
detail in the calculation e S. in-
cluding further equatmons to decrtbe
additional phenomena) will improve
the theoretical method itself.

An eampit of an impnved numerical
method is the deelopmenl of finite
element meshes whkh change
according to the solution (variabl
mesh griddingl. That is, the greatest
number of meshpoints are assigned by
the computer to the most active

regions as the computer iteratfe to a
final solution. This has had a
tremendous effect on accuracy of
sinulation.

In the future, numerical methods
invohfing parallel procfessing hold the
greatest hope and opponunity to
achieve computational speeds of a
thousand times or mor than todays.
These prallel numerical methods are
the reason we feer con0ident Orf

actually acquiring such a capability.
Fuamples of using more accurate
theoretical methods are found in the
inset lthis page): in our discussion of
musing accompanying Fguae 13
ipretious pagel: in our discusion of
directed energy concepts. Figure 15
WPage 301: and, most otvensiely in out
rrearmemt of opacity in the tent accom-
parying Figure 11 and associated nset
(page 221.

MODELING VS. SIMULATION

Atttugh the rems are dten used itewhaoeahy. rher is an
eiit dfieence beiwtn - modeling" oral "riwuiasot': On

the ore hand. modieltg inorns aporovuimaing the real

problem t s to comtuni aroher problem Ithe model) which
it soWlire. On the whet hr d. a imalation i an a. enpi to put
all that is khonm. both of the Iaw of titur, and of the

nerwtyt imno the compunt to actKUly calculate th resu. as
sear so mimicking naure as the so of the conpatet will allow.

n the figure to the riiht. the "real morld" i the ceter cat le
rther "modeled" mathemalically atd physically. or
'simulhed."

he real-old problem ill likely hae a complen geometry.
ie mathematical -model" of this geometry may be a sphere
'ight tided iv order u al.. ihe matIhtmuicia r o sNe le.
.oblm. That is. the eal problem n simplifed to a tpheical
eomtety so it can be wbed. In computer imuliaov ith sidel.

the real-wod geomery is preservd br bloaking the peoble
ino si piece.

The tame concept holds he the physics. I a physats "model"
of the seal mord the electrorts of, for mple. a metal are
as um d to re id rn a " sea" of u nifo rm po sitiv huckgm v d .
This "Fermi po" as h h kono can then be whsed bh hotle
tnon to th computer Ceally, hoeer a netal is a collection
of closely sped atoms whose ourer electons ar more loely
bosed or their centers Inucleil than the im lectros. This s
sketched im the Ioeh side oa the ligure and is included in the
simulatin by atully calclaing the eecrnic and atomic con-
figtiuti on a sapervompw-e.

h1 F rho imularon i hai- d.eired in die weapots program
because he dfliculiien of reting prelude our gaining uch
uindmesndiag ant other may.
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CURRENT AND FUTURE PROGRAMMATIC
NEEDS REQUIRE ADDITIONAL CurntMnetutor pamm ntlen

SUPERCOMPUTING POWER

Most recenly the u-ray Lasr _ a_ 5s

concept -as put fonh. Th.s isa _a,_ o_
dcrmatictty new directed enery
concept that lequires Searer enourfes * 555mm utrfruo
than are no_ at our disposal. Directed
energy weapons head the list of cur , - _ r
rent and future programmatic needs.
They offer the hope of changing our
posture from that of an offensine to o
defensmee strategic focus.

Seral advanced design concepts. by 75% a factor of four). To achie and as such require ever increasing
notably enhanced safety, are aoso military effectiseness wrth minimum compute capabilities.
being pursud. Such concepts involve possible nuclear damage reduced
the widespead use of insnsitive high intrimsic radiation -arheads having One of the most challenging future
explosnes to funher mnimize the risk reduced blast charactenstics have needs is in the area of basic physics
of dispening nuclear matenils in the been deeloped. Tailored output understanding. We do not have an
event of an accident. Safety concepts devices similarly enable lo"er yield adequate understanding of boosting
also includehasically different designs waheads to be substituted for their physics and fundamental instabilities
of the nuclear warhead itself. Over the higher damage counterpans. These An adequate understanding of radia.
past 25 years. ve have been able to weapons are far more comple= and tion uanspon is beyond the current
reduce the total yield of our stockpile sophisticated in their design, howee, generation of supercompotes.
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UNDERSTANDING DIRECTED ENERGY
CONCEPTS REQUIRES MAJOR
INCREASES IN OUR
COMPUTER CAPABILITIES

A cot1paitawn Of the computer
capability which has been used btr
conventiona nucleai design and for
undetanding the basic rquirements
for the u-ly Lasr i made in Fiure
I1. Her ain we find that the
unootit radiation spectrum Che
-penurbation" apprormation of
Figure 11) has ben used for the
conventionlI wapton while the fufl
spectrum, incuding peaks, is required
Wt the directed eenergy weapon.
Shiitrly, whereas the output of a
conventional weapon is isotropic (the
same ih alt directions), it is the
diectionalapects of the s-ray aer
we wish to utilize. The number of bins
of Irdonation necessary to be
calculated and stored in a computer's
memory gSiv one measure of the

lative compiesity of the calculation.
Another such measure is the computer
time required, which is given in the
bhoes of Fgum IS.

Although we are able to have hope in
the possibility of directed enery

weapom, with current compute
capabilities we are far from knowig if
they are feasible. n is estimated that a
computer with the computationUl
power of 000 Cray-s will be
required to obtain an adequate
physcs understanding of such a
device.

Similar arguments hold for the present
computer capabliyawucapacity
dicussion. Whh the power of sewral
Cry-l's. we can only reach the "tip
of the iceberg' in the evhsatlion of a
directed energy weapon. Acquiring a

thousand such machines Icapacity)
would not help. Istead, we require a
single machine having the capability of
a thousand Cray-V. Since the history
of sapecomputing has shown that real
costs have remained relativey con-
stant throsgh mnvy generations of
supercomputers bee page 14), this

capability will not coo a thosisnd
tbnes that of a Cray-1 but about
the sarme. Cotmputers are greatly
lewravd: As coompsutig technology
evolve, there is a temendous
incease in capability at only, a
moderate increase in cost.
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TARGET ACQUISITION BY DIRECTED ENERGY WEAPONS

Reserch to ditd eg _rPt r~u much ewe
star us an ues the phycs asscid _h Ihe
-e. .o seli [nn s E he geeliroarsy san .s i o dy. a .
im rO to ca tY cts de IUl te natur d the rger that
oat We attachd a- h e h aw oc tar ord to etablih hot
tuch dirK Jd e y o he tequ d to destr at. a 12) the
ere oy _hibh th-e wen system mll bot nd iderUiiy tha

0w ol she prkty Ihljils a dkectd er wapot s-kld Wo
erored to dend a gau isan erte ty lbunch of m tipe

warhed sratnr ietrus. DUr the ely phae of the
traco y d these siln hm t ke ostoors ae stO OD-t .
maftiog tho mss to detc. iNI m porlde to desto the
touet e n u t e ly p rd Pb slighl. sen l warhds could
ho dtoyWd by a sgl DEW sae they hs no yre tn
sepatd m the ooe rkete oldom to 10w pWar
p.ah to shoe diodual ta .

Aw sug the eitNity of a diew ed -egY Peagon slysm
whih run oae. trach. a destroy a stra gc misile rolhm a
lo me mta d us bunch i a ri dablbe tak. Sup moeputs
a t. essermal to i a harstg thb goal. The tare i -oly a let

tem d lr ton ce and is seal thOUSand mil away. TaW
ca i btu ne th milary eqai ale ol ta hing ho a
wtan i. a hysck.

While difh. the gDlm noleW ieMnol. The eohmt Pgs
thom ft -het motor ae uemely hoa and ate emted it nry
b g q mstat .c-eteg ey trig t cit d koom e ma phet.
wich. btcam i b en1 hundred leer t si e. cn ho sn

tom teat distanes. O ne th p m is boate d the p blem
ro d ate to tr k i ug a a4 fi nd i n g th e r o k e ts lo c atio n w he o.

Beas of the ratitr of rho plum s of W.e"re. -radao I Ps
dytmi metho ae not ruatle icr modeling thee tehanor.
toead. a Iechn known as th onte Cao apoah is
toe. hr d schem . odinidual mokeue ate takd a thy

illlcd r h othe molecule a th eir eolliuotna histre
cd. A*e a suhwm numn of thes co0iroo hr been

sas ld e the comrpane r iO poss le so con tbn th
colsO ial W ea to t way that dencn es ith wr
Oowdeld of m rst-at thu cshe rcke P ue In pde. oe.
the comp a al appro h i rathe s ighliw ard. Io e r.
bt o te un ters d molecules innoh d. e ro

biey -Pmp pbe. the aois d lovo sue

cotpsas is quickly udd.

The rubs. shon h. fiSu. -e illustrase of a ockt a an
ataude oil lO ti nee Itt m ensl tradenm at s ki k e

pon cood It toDD meiis p hourl The piclues shn ar
ul ol wha - ioud ho sen hica sn h el d"sC d
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C ra - Ime.1 The real p rob nle m ustan nro o eatu m. sowe the

n plume stuc change as the - hte stoeh thsuh
spac . T h .s. ten to h a nd re d or su h te- h our c -Lcc tO o at
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WEAPON DESIGN CONTINUES TO
COMPUTER

What does the fture hold? What design and improve our stockpile will essential that a seroos effon he made

ew advances do me anticipate will be continue. paniculry when wr know to understavd those physics and

se *esuh of continuing our drive that compute a*re the key so that engineering issues necessary to ensure

or Sgrater computer resource? Will undersunding. We cannot develop the safety and teliability ot the current

nere eser be an end to out need to the required undesmtnding stockpile. Enhancing the safety ot the

crease computer capabilities? empirically nulear .atheads in our Stockpile
from the point of view of accidental

2ur quest for a deeper undentandin As long u nucear deterrence is an detonatiwe or ocertun in a ioreign

m -eapons physics ith which to element of our national policy, i is environment is a critical element oi
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:QUIRE STEADILY INCREASING
%PABILITIES

RECTED ENERG
EAPONS

-HER SPECIALIZED
JTPUT WARHEADS

iYSICS

%RHEADS

,ur national policy. An additional key AS
liemnt is to undentand the impact of aCt
echnofogical advance, on weapon 19)
eqtuiremnts and their influence on red
,e capability of our nuclear deteent. fit
:esearch on the fundamental prin. spe
iPlff of directed energy weapons may vill
rovide the necesary insights which yie
say enable the shil irom an ofensive reg
Ia delenswe stnategic fous.

0

weapon ddoen cOmflul. to rMud.
MnMdMy Iena-slg c an

IZ1it.. -' ; r
iF,,, /.

… 
.

we have sated -frier Isee ten The intent of the laborutonie to
ompanying Figure 9. pages tl and achieve the above goals ith a
9 the yield of the stockpile has been minimum number oif nuclea tests is
uced by 75% since 196t. The consistent with national policy. The
ire weapons design goals inciude continued advance of supencomputer
rial ized output maheads which capability is an essential factor in out

enable us to lnher reduce the ability to meet our national goals.
d of the stockpile mhile maintain.
military effectieness.
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APRIL 28, 1998

Mr. Chairman, members of the Committee, thank you for the opportunity to discuss the issue of

China's access to dual-use and military technologies. This is an important issue which is central

to the mission of my agency. Relations with China are in a period of transition, and this can

create the potential for risks in technology transfer. Our job is to manage that potential risk so

that the U.S. can reap the substantial benefits posed by China trade for our economy and for

American foreign relations without adversely affecting our security. I want to describe how this

is done.

First, we should consider the broad factors which shape technology transfer issues with China.

These include:

-- U.S. Trade. China is a dynamic market, with high rates of growth and real opportunities

for foreign firms. The U.S. has a significant advantage in the high value, high tech end of

the market, but we have serious competition from the European Union and Japan. At the

same time, U.S. demand for Chinese goods is high, and we have a significant bilateral

trade deficit which we would do well to rectify. While technology transfer restrictions

account for only a small portion of the trade deficit, in many cases they have a deterrent

effect on trade expansion that goes beyond our national security needs.

-- The policies of other countries towards China. Before 1994, when COCOM ended, we

and our major trade partners had a coordinated, multilateral approach to high tech trade

with China. Since that time, we have found a growing difference in how we and our

allies treat high tech exports to China. A number of our allies no longer appear to regard

China as being of strategic concern and have dismantled export restrictions on a range of

dual-use technologies. The result is that some U.S. controls have become increasingly

unilateral and thus ineffective as restraints on China's ability to acquire advanced
technology.

-- Security and Nonroliferation. Security and nonproliferation remain central to our

dialogue with the Chinese, and have a profound effect in shaping high tech trade with

China. We have serious differences with China on a variety of nonproliferation issues

and have consistently engaged China to bring its practices into line with international

norms. We have made notable progress in the nuclear area and are working to broaden

this dialogue and to promote cooperation between the US and China on other security

issues.
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- The larger bilateral relationship. China is in the midst of broad social, economic and

political change. The Administration's goal of engaging China to influence its evolution

to an open, market-oriented society shapes our technology transfer policies. A stable,

prosperous and open China at peace with its neighbors is in the best interests of the entire

world, including the United States, and appropriate transfers of civil technology can help

achieve that goal.

Export controls are one of the principal tools we use to manage technology transfer. U.S.

dual-use regulations allow for extensive review and denial of license applications in cases where

a strategically sensitive item would make a 'direct and significant' contribution to China's

military capabilities. In addition, Tiananmen Square sanctions prohibit the export of arms,

satellites and dual-use items used for crime control unless there is a Presidential waiver. U.S.

policy since Tiananmen Square is to deny export of controlled dual-use technology to the

Chinese military and police.

The Clinton Administration has significantly improved the dual-use export control process by,

among other things, strengthening the role of other agencies in the review process. The source of

this revitalized process is Executive Order 12981, issued in December 1995. E.O. 12981 gives

the Departments to Defense, Energy, State and the Arms Control and Disarmament Agency the

right to review any license of interest to them. It establishes a clear system for escalation and

resolution of disputes, all the way to the President if necessary, and provides for an appropriate

review of technology transfer cases by the intelligence community. As a result, dual-use license

reviews are more thorough, more complete, and more carefully considered than at any time in the

past.

In addition to E.O. 12981, the Commerce Department has taken a number of steps to reinforce

our ability to enforce export regulations. We have increased the number of enforcement agents

in the field and have ensured that they are well trained and better equipped to carry out their

enforcement mission. The Congress could help us in this regard by passing a renewal of the

Export Administration Act which would, at a minimum, raise the level of the penalties for export

violations from those set almost a decade ago. Under current circumstances, financial penalties

are little more than the cost of doing business for many companies.

Beyond these improvements, as part of the Administration's larger bilateral strategic and

nonproliferation dialogue, we have engaged with the Chinese government on how to improve

cooperation on export controls and have taken steps to help ensure that U.S. technology is

properly safeguarded. The bilateral seminar on export controls held earlier this month in

Washington was a good beginning to this process, and we hope to expand our dialogue with the

Chinese to reach greater mutual understanding and cooperation in export controls and end use

visits.

Satellite exports are an example of how effective dual-use export controls allow American

exporters to compete and win without risk to our national security. Our controls on satellite
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exports to China are extensive and involve a number of measures to reduce the risk of
unauthorized transfers of technology, including a bilateral technology safeguards agreement and
the presence of Department of Defense monitors at Chinese launch sites. Also, sensitive military
satellite technology remains on the U.S. Munitions List administered by the Department of State.
Allowing China to launch U.S.-made satellites, under these safeguards, has been an important
factor in helping U.S. companies dominate the satellite market. Most sales are to U.S. or third
country firms who have chosen to purchase Chinese launch services.

The world satellite market was valued at more than $51 billion in 1997. The U.S. has the lion's
share of this market. Satellite manufacturing alone employed 60,000 people in the U.S. and
generated more than $8 billion in revenue for our country. Thirty-five commercial launches took
place in 1997, by France, the United States, Russia and China, and we expect more in the years
ahead. Commercial satellites are a key industry sector and vital to the health of the American
economy as a whole. Our ability to maintain our leadership in this sector also has important
implications for our military, which utilizes the same technology and depends on healthy
American companies to meet its needs.

Jurisdiction for licensing exports of communications satellites was transferred from the State
Department to Commerce in November, 1996. Since then, we have issued three licenses for
satellites, with the concurrence of all agencies, to be launched in China. No satellite licenses for
China are pending now at Commerce.

Another good example of the nexus between security and trade is high performance computers.
High performance computers have attained a symbolic importance in our debates over
technology transfer which their real utility may not warrant. It helps put the issue in perspective
if you remember that some of the weapon systems found in the U.S. arsenal today were built
with computers whose performance was below 1000 MTOPS -- in some cases with performance
of 500 MTOPS. These were the supercomputers of the 1980's, but today you can find more
capable machines on many office desktops. The U.S. currently dominates the high performance
computer market, in part because of the computer export policy adopted by this administration in
1995. This sector is vital to the of the U.S. economy as a whole. Exports account for roughly
half the revenues of U.S. computer companies. Ill-advised export legislation could put this vital
sector at risk without ajustifiable benefit to national security.

Satellites and computers are only one part of U.S. exports to China, which were valued at more
than $12 billion in 1997. Commerce received 849 export licenses for China in 1997; valued at
one billion dollars. Eighty percent of the licenses we received were given permission to export;
export was not allowed for the remainder for a variety of reasons including a lack of sufficient
information. This eighty-percent approval rate for China is lower than most other countries,
including Russia. Applications for China usually take fifty-four days to process, sometimes
because we must wait for sufficient information. The average for all licenses is twenty-nine
days. These figures show that China licenses are subject to extensive scrutiny and review to
ensure that U.S. interests are well protected. Our nonproliferation policy is fundamental to
protecting U.S. national security, but it is not without real cost to the United States. These
licensing statistics do not reflect the sales lost by U.S. firms in China because of export control
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policy or licensing delays. U.S. exporters face de facto unilateral controls on exports to China in
several sectors where they have a demonstrated competitive advantage. For example, it has been
reported that U.S. firms lost the contract for a three billion dollar semiconductor project to a
Japanese firm largely because of Japan's apparent willingness to transfer advanced technology
quickly and without extensive conditions.

China poses a difficult problem for U.S. export controls today, and the integration of China into a
stable world order is one of the paramount challenges for American foreign policy. It is apparent
that we are divided in thinking about how to meet that challenge, with some in the Congress and
the media having apparently already decided that China is a committed adversary that we should
treat the same way we treated the Soviet Union during the Cold War. Others, including the
Administration, believe that the old Cold War controls aimed at the Soviet Union are not relevant
to new and more complex situations like that of China, and that if we ignore the differences we
risk producing the very result we wish to avoid. At the same time, as we pursue a policy of
engagement, we clearly do it cautiously with our national security in mind. While the problems
are not to be minimized, our relationship with China represents enormous opportunities for the
United States if we can manage it well. And that is what we are committed to do.
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Mr. Chairman and members of the Committee:

I am pleased to be here today to discuss the status of the arms embargoes imposed on

China by the European Union (EU) and the United States following the 1989 massacre of

demonstrators in Beijing's Tiananmen Square. Specifically, I will discuss (1) the terms of

the EU and U.S. embargoes, (2) the extent of EU and U.S. sales of military items to

China since 1989, and.(3) the potential role that such items could play in addressing

China's defense needs.

As you requested, we developed information regarding EU and U.S. arms sales to China;

and did not assess China's military modernization efforts.' However, these efforts are

the context for China's arms Imports. In 1985 China adopted a military doctrine that

emphasizes the use of modem naval and air power in joint operations against regional

opponents. It later began buying foreign military hardware to support its new doctrine.

The 1989 Tiananmen Square massacre ruptured China's growing defense relationships

with the United States and the European Union. Since then, China has relied heavily on

other nations, such as Russia, for its military hardware imports--although it Is impossible

to know the extent to which China's import patterns would have been different had the

Tiananmen massacre not occurred.

'For a fuller discussion of China's military, see our report entitled National Security: Imoact
of China's Military Modernization in the Pacific Region (GAO/NSIAD-95-84, June 6, 1995).
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Before I begin, I should emphasize that we focused on military items-that is to say, items

that would be included on the U.S. Munitions List. As you know, this list includes both

lethal items (such as missiles) and nonlethal items (such as military radars) that cannot be

exported without a license. We did not address exports of items with both civil and

military applications because the embargoes do not bar the sale of such 'dual-use' items

to China, although experts believe that dual-use imports are an important source of high

technology for the Chinese military. Also, I should note that the information presented in

this statement was developed from open data sources and, therefore, its completeness

and accuracy may be subject to some degree of uncertainty.

SUMMARY

The EU embargo consists of a 1989 political declaration that EU members will embargo

the 'trade in arms' with China. Each EU member may interpret and implement the

embargo's scope for itself. We found no instances of EU members entering into new

agreements to sell China lethal military items after 1989, although some members

delivered lethal and nonlethal military items to China during the 1990s-apparently in

connection with pre-embargo agreements--and have more recently agreed to deliver

additional nonlethal military items. According to experts, the embargo is not legally

binding and any EU member could legally resume arms sales to China if it were willing to

2
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bear the political consequences of doing so. We noted that at least two EU members

are presently reconsidering whether the EU embargo should be continued.

In contrast to the EU embargo, the U.S. embargo is enacted in U.S. law and bars the sale

to China of all military items-lethal and nonlethal-on the U.S. Munitions Ust. The

President may waive this ban if he believes that doing so is in the national interest. Since

1989, the President has issued waivers to (1) allow the delivery to China of military items

valued at $36.3 million to close out the U.S. government's pre-1989 defense agreements

with China and (2) license commercial military exports valued at over $312 million-

primarily commercial satellite and encryption items.

The rather small amount of EU and U.S. sales of military items to China since 1989 could

help address some aspects of China's defense needs; however, their importance to

China's modernization goal may be relatively limited because Russia and the Middle East

have provided almost 90 percent of China's imported military items during this period.

According to experts with whom we spoke, China must overcome obstacles posed by its

military's command and control, training, and maintenance processes before it can fully

exploit such items.

Recent U.S. executive branch actions suggest that its view of China's human rights

record--the basis for the embargo in the first place-may be changing. In light of the

possible weakening of support for continuing the embargo by some European

3
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governments, the question facing the U.S. government appears to be how the United

States should respond if the EU embargo were to erode significantly in the near future.

EU MILITARY EXPORTS TO CHINA HAVE BEEN LIMITED

In reaction to the Tiananmen Square massacre, the European Council--an EU decision-

making body comprised of ministers from EU member countries--imposed several

sanctions in June 1989, including 'an embargo on trade in arms with China.' However,

according to experts, the Council's declaration was not legally binding. It also did not

specify the embargo's scope. For example, it did not state whether the embargo covers

all military articles, including weapons platforms, nonlethal military items, or components.

EU and other European officials told us that the European Union has left the interpretation

and enforcement of the declaration to its individual member states2 and that the members

have interpreted the embargo's scope in different ways. Officials in some EU nations

informed us that their nations have embargoed the sale of virtually all military items to

China. In contrast, the United Kingdom's (UK) interpretation of the EU embargo does not

bar exports of nonlethal military items, such as avionics and radars. The UK embargo is

limited to lethal weapons (such as bombs and torpedoes), specially designed components

2EU officials informed us that this reliance on the EU members reflects the members'
independence in defense matter.

4
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of lethal weapons, ammunition, military aircraft and helicopters, warships, and equipment

likely to be used for internal repression. European and EU officials told us that EU

members tried during the early 1990s to develop a detailed EU-wide interpretation of the

embargo's scope. These attempts apparently fell short and resulted only in the members'

mutual recognition that they were not selling China lethal weapons.

According to EU and European officials, the EU embargo could be formally ended by

unanimous consent or informally eroded by individual EU members' resumption of military

trade with China. EU members, whose defense firms are faced with severe economic

pressures, could move to modify their participation in the embargo if they believe China's

human rights situation is improving. A recent EU report noted that human rights in China,

while still far from meeting international standards, had improved over the past 20 years.

There have been signs that some EU members have sought to increase arms sales to

China. We found that at least two EU members are now reassessing whether the

embargo should be continued.

EU Sales of Military Items to China Since 1989

As of today, no EU members appear to have concluded new agreements to sell lethal

weapons to China since the imposition of the EU embargo. As shown in table 1, three

EU members have delivered, or agreed to deliver, military items to China since 1989.

5
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Table 1: Selected Deliveries of EU Military Items to China, 1990-97

Agreement
Country System Lethal date

France Castor-2B naval fire control radar no Pre-1989
Crotale ship-to-air missiles and launcher yes Pre-1989
TAVITAC naval combat automation system no Pre-1989
Sea Tiger naval surveillance radar no Pre-1989
AS-365N Dauphin-2 helicopter no Pre-1989
SA-321 Super Frelon helicopter no Pre-1989

Italy Aspide air-to-air missile yes 1989
Electronic countermeasures for A-5M aircraft no Pre-1989
Radar for F-7M and F-7MP fighters no 1993

United Avionics for F-7M fighter no 1989b
Kingdom Searchwater airborne early warning radar no 1996

(no deliveries to date)

According to the source of the information, this agreements exact date is unclear.
"This agreement appears to have been concluded prior to June 1989.

Sources: Stockholm International Peace Research Institute, various other public sources.

Two EU member states delivered lethal weapons to China after the embargo, according

to publicly available sources of information. These deliveries of French Crotale ship-to-

air missiles and Italian Aspide air-to-air missiles appear to have been made in connection

with pre-embargo agreements. Similarly, French-licensed Chinese production of the

Super Frelon and Dauphin helicopters, which continued into the 1990s, began prior to

1989. Also, the United Kingdom honored a pre-embargo agreement by providing China

with radars, displays, and other avionics for its F-7M fighter aircraft.

6
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During the 1990s Italy and the United Kingdom agreed to sell China nonlethal military

items. Italy agreed to sell fire control radars for use on Chinese F-7M and F-7MP export

fighters. The United Kingdom agreed to sell China the Searchwater airborne early

warning radar system. UK officials informed us that the UK's decision to do so is

consistent with its interpretation of the EU embargo because the Searchwater is not a

lethal weapon or a weapons platform. (The appendix briefly describes these systems.)

WAIVERS HAVE ALLOWED EXPORTS OF SOME U.S. MILITARY ITEMS TO CHINA

On June 5, 1989, immediately after the massacre of pro-democracy demonstrators at

Tiananmen Square, the President announced sanctions on China to protest its actions. In

February 1990, Congress codified the sanctions' prohibition on weapon sales in Public

Law 101-246. The law suspended export licenses for items on the U.S. Munitions List

and specifically barred the export of U.S.-origin satellites for launch on Chinese launch

vehicles. It exempted from this prohibition U.S. Munitions List items that are designed

specifically for use in civil products (such as internal navigation equipment for commercial

airliners) unless the President determines the end user would be the Chinese military.

Because the U.S. Munitions List includes nonlethal military equipment (for example, radios

and radars) in addition to lethal equipment (such as missiles), the U.S. prohibition on

7
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arms sales to China covers a broader range of items than the EU embargo, as

implemented.
3

Under the law, Munitions List items can be exported to China if the President reports to

Congress that it is in the national interest to allow the export.' Presidents Bush and

Clinton exercised this option and issued waivers for the export of Munitions List and

satellite equipment to China based on determinations that it was in the national interest to

do so.?

U.S.-China relations have slowly improved since the 1989 massacre. According to press

reports, the executive branch is now considering easing restrictions on commercial

satellite projects in China--in part through the use of blanket waivers. Moreover, for the

first time in several years, the United States recently decided against sponsoring a United

Nations resolution condemning China's human rights.

3The Munitions List can also include dual-use items if they are specifically designed,
developed, configured, adapted, or modified for military application and have significant
military or intelligence applicability such that controlling them as munitions is necessary.

'The law also allows the President to lift the sanctions if he reports to Congress that
China has made progress on a program of political reform covering a range of issues,
including human rights.

'Since 1990 many items once controlled on the Munitions List have been moved to
Commerce Department control and are therefore no longer subject to U.S. sanctions
barring their export to China. In 1992, many items were moved as part of a larger
rationalization process.

8
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Sales of Munitions List Items to China Since 1989

The United States has delivered or licensed for export to China almost $350 million in

Munitions List equipment since 1990. These exports were made through (1) government-

to-govemment agreements managed by the Department of Defense (DOD) under the

Foreign Military Sales Program; and (2) commercial exports licensed by the State

Department, the majority of which were related to launches of U.S.-origin satellites in

China. All were authorized under presidential waivers declaring the export to be in the

national interest or were specifically exempted from the sanctions under the law.

Govemment-to-govemment sales

In December 1992 President Bush issued a waiver stating that it was in the national

interest to allow the export of military equipment in order to close out four govemment-to-

government military assistance programs that had been suspended by the sanctions. The

waiver stated that these deliveries would not significantly contribute to China's military

capability and closing these cases would improve the prospects for gaining further

cooperation from China on nonproliferation issues. The total value of these exports,

which are shown in table 2, was about $36.3 million.

9
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Table 2: U.S. Government Exports of Munitions Items to China. 1990-97

Dollars in millions

Program Description Deliveries

Peace Pearl - F-8 Provide modem avionics Two modified F-8 fuselages,
modernization for China's F-8 fighters. four avionics kits, and related

equipment.

MK 46 Mod 2 torpedoes Provide 4 torpedoes for Four torpedoes including
test and evaluation spares and related test and
purposes with ultimate maintenance equipment.
deployment on Chinese
Navy ships and helicopters.

Artillery locating radars Provide 4 AN/TPO-37 Two AN/TPQ-37 radars,
'Firefinder' counter-artillery including parts and support
radar systems. equipment. Two of these

radars had been shipped
before the sanctions.

Large-caliber artilery plant Provide production Miscellaneous components.
capability for large-caliber Major equipment was shipped
artillery munitions. prior to the sanctions.

These programs were in various states of completion when U.S. sanctions prohibited

further assistance or deliveries. No new government-to-government agreements have

been opened since 1990. There are now no open or unfulfilled agreements pending

between the U.S. government and China under the Foreign Military Sales Program.

The equipment ending these programs was delivered to China between 1993 and 1995.

It included four MK-46 Mod 2 torpedoes, spare parts, maintenance, and test equipment.

The Chinese Navy was to test the torpedoes for use on its ships and helicopters.

10
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Commercial Exports of Munitions List items

The Department of State has approved for export to China about $313 million in

Munitions List items since 199O.' As shown in table 3, about $237 million of these

exports involved launches of U.S.-origin satellites from China.

l axle : p s IfeII~al expor[ License AROOications for Munitions List
Equipment to China. Januarv 1990-Anril 1998

Dollars in millinns

Waiver requirement Munitions List Items Value

Approved export Satellites and related $236.9
licenses for Munitions equipment
List items requiring a
presidential waiver for Encryption for civil 63.1
export to China applications or satellites

Approved export Munitions List 12.7
licenses for items not equipment for inclusion
covered by U.S. in civil products (e.g.,
sanctions inertial navigation gear

for civil airliners)

Total $312.7

Note: Values represent figures provided on the export applications, not the value of actual
shipments. In practice, the value of actual exports is often less.

The President determined that allowing these exports was in the national interest.

According to State officials, since 1990 11 presidential waivers have been issued

6State also denied, or returned without action, export license applications valued at over
$1 billion.

11
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removing export restrictions on 21 satellite projects. Presidential waivers were also

granted to permit the export of encryption equipment controlled on the Munitions List.

Since 1990, over $12 million in export licenses have been approved for Munitions List

equipment designed for inclusion in civil products. These exports are not prohibited under

U.S. sanctions and therefore do not require a presidential waiver. The majority of these

exports involve navigational electronics used in commercial airliners operated in China.

Between 1992 and 1996, control over exports of commercial encryption equipment and

commercial satellites was moved from the Munitions List to the Commerce Department's

Commodity Control List. Since U.S. sanctions restrict Munitions List exports and do not

prohibit the export of dual-use items, commercial encryption equipment can now be

exported to China without a presidential waiver. U.S.-origin commercial satellites,

however, though no longer on the Munitions List, are covered by the law, and exports still

require a presidential waiver.7

'Other items that have moved from the Munitions List to Commerce's jurisdiction since
1990 include jet engine hot-section technology, commercial global positioning system
equipment, and some night vision equipment. See our reports entitled Export Controls:
Issues in Removing Militarily Sensitive Items From the Munitions List (GAO/NSIAD-93-67,
May 31, 1993); and Export Controls: Change in Export Licensing Jurisdiction for Two
Sensitive Dual-Use Items (GAO/NSIAD-97-24, Jan. 14,1997.)

12
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CHINA'S EU AND U.S. MILITARY IMPORTS COULD HELP

ADDRESS SOME DEFENSE NEEDS

The small amount of EU and U.S. military item sales to China since 1989 could help

address some of China's defense needs. However, their importance to China's

modernization goal is overshadowed by the much larger amounts of military equipment

provided by Russia and the Middle East. Moreover, before China can fully exploit such

items, it must overcome obstacles in its military's command and control, training, and

maintenance.

Chinese Use of EU and U.S. military items

China has used French helicopters to reinforce its weak antisubmarine warfare

capabilities. According to open sources, China has imported or built under license

between 65 and 105 modem French turbine-powered helicopters, including about 40 after

1989. The helicopters include the SA-321 Super Frelon (built as the Z-8) and the AS-365

Dauphin-2 (built as the Z-9). China's Navy has adapted 25 of these helicopters to serve

as its antisubmarine warfare helicopter force and equipped some with antisubmarine

torpedoes. Several Chinese naval vessels carry the Z-9 helicopter. China's Army has

also tested the Z-9 helicopter with ground-attack equipment, including antitank missiles.

13
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According to experts, China's only effective ship-to-air missile is the French Crotale

missile system. China has deployed the Crotale on four ships, including its two most

modem destroyers.8 Also. China has reverse-engineered the Crotale-reducing China's

dependence on foreign suppliers. Similarly, China has reportedly-reverse engineered the

Italian Aspide air-to-air missile for use as a ship-to-air missile.

China's planned purchase of six to eight British Searchwater airborne radar systems

would provide China with some degree of warning against low-flying air attacks as well as

help it direct fighter aircraft, detect small vessels, and augment over-the-horizon

targeting.' China is expected to mount the radars on converted Y-8 transport aircraft.

China could possibly use its four U.S. Mod 2 version MK-46 torpedoes to improve its copy

of the Mod 1 version, which China has already deployed on its French helicopters. The

early-1970s era Mod 2 has an improved computer that provides it with a re-attack

capability. The MK-46 torpedo's range and speed exceed that of China's other western

air launched, antisubmarine torpedo-the mid-1970s era Italian Whitehead 244S.'°

It is unclear whether China has benefited from any of the U.S. commercial satellite

transfers. State officials told us that U.S. export licenses for satellite projects in China

'These ships, however, still lack long-range, ship-to-air missiles.

9 The United Kingdom has been reported as offering its Argus airborne warning system to
China, although China appears to have chosen an Israeli system.

'0China acquired the Whitehead in the mid-1980s and has deployed it on helicopters.
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contain provisos intended to minimize the risk of any unauthorized transfer of sensitive

technology. Recent press reports have asserted that, despite these controls, U.S.

technology has been transferred to China that has improved the reliability of China's

nuclear missiles. We have not examined the security guidelines and control procedures

on satellite launches or how they are being implemented.

Russia and Middle East Provide Most of China's Modem Military Items

While these EU and U.S. military items could be used to address some modernization

needs, they constitute only a small part of the range of military items that China has

imported from foreign suppliers since 1989. As shown In figure 1, total EU and U.S.

exports constituted less than 9 percent of the military items imported by China during the

first 7 years of the embargoes. This share falls to less than 3.4 percent if U.S. exports of

commercial satellites and encryption items are excluded.
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Figure 1: Deliveries of Foreign Military Items to China. 1990-96

Total value: $5.3 billion (current-year dollars)

MiddEast 17.0%

US. GO.%r- 0.7%

RW$W5aI tULkOi 71.5% us. CO.i 5.8%
_ Eme 2.3%

t~~~~aerO& 2.5%

Note: The U.S. commercial share depicted above is based on the value of export licenses
granted since 1990, rather than on the value of actual deliveries.

Sources: U.S. Arms Control and Disarmament Agency; the Departments of State and
Defense.

Moreover, Russia and Israel have sold or agreed to sell China items that are far more

lethal than those sold by EU members, as well as items similar to those obtained from EU

members. For example, reported Russian arms agreements include

- two Sovremenniy destroyers, which are more modem than China's domestically

produced destroyers and which typically carry advanced supersonic antiship

missiles, ship-to-air missiles with a much greater range than the Crotale, and

antisubmarine helicopters that are considerably larger than the Z-9 helicopter;
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-- about 50 Su-27 fighter aircraft-similar to U.S. F-15s-armed with potent air-to-air

missiles, and assistance in producing more Su-27s in China;

-- about 25 Mi-17 transport assault helicopters; and

-- four Kilo diesel electric submarines (including two of a very quiet class that Russia

has never before exported) and homing torpedoes.

Israel has helped China with its development of the F-10 fighter aircraft (similar to the

U.S. F-16) by providing technology developed for the aborted Israeli Lavi fighter project--

and of various missiles. It has also offered to sell to China its Phalcon airborne phased

array surveillance radar which, if fitted to a Russian airframe, would provide China an

airborne warning and command system.

China Faces Difficulties in Incoroorating Modem Arms

According to experts, China will have to overcome several persistent problems before it

can effectively use its imported arms to support its new military doctrine and help

reinvigorate its domestic defense Industry.

17



106

China lacks command and control capabilities needed to effectively integrate its armed

forces in the fast-moving joint offensive operations called for by its new doctrine. China's

Air Force units are hampered in their ability to communicate with air defense, naval, and

ground units. China also lacks a reliable air defense intelligence system. While its future

airborne early warning systems will help address this problem, China will still have to

learn how to integrate such systems into its air defense system. Experts informed us that

military systems integration remains a weakness for China.

China's acquisition of new and advanced military systems will also test its training and

maintenance processes. China may have to significantly enhance the training, quality,

and education level of its military personnel to use increasingly advanced equipment.

Moreover, according to experts, China's Air Force has not yet considered the training

implications of its new offensive joint operations doctrine. Chinese pilots fly fewer hours

than their Western counterparts and tend to fly less demanding training missions that do

not emphasize joint operations. Experts informed us that China's preference for buying

relatively small numbers of foreign military systems and skimping on training and

maintenance support packages reduces opportunities for its military personnel to become

familiar with their new equipment and to augment China's weak maintenance efforts.

This practice of buying limited numbers of foreign systems may reflect China's interest in

obtaining foreign arms for reverse-engineering purposes. China has long stressed its

need to become self-sufficient in weapons development and less dependent on foreign
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suppliers. However, despite some successes, China has had a mixed record in reverse-

engineering foreign systems. Its efforts to do so are hampered by an inefficient defense

sector and by the increasing complexity of modem military systems.

Mr. Chairman, and Members of the Committee, this concludes my prepared remarks. 1.

would be happy to answer any questions that you may have.
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APPENDIX APPENDIX

DESCRIPTION OF SELECTED EUROPEAN UNION MILITARY ITEMS

PROVIDED TO CHINA, 1990-97

According to various public sources, EU member states have delivered, or agreed to

deliver, the following items to China since 1989.

Naval Systems for the Luhu destroyers. France has provided several systems for

China's Luhu destroyers, including the Crotale missile system. France first

installed the Crotale on its ships in the late 1970s. In 1982 it developed the

Crotale variant later provided to China. According to public sources, the Crotale is

a short-range (up to 13 kilometers), ship-to-air point defense missile. The system

consists of the missile (which can travel at more than twice the speed of sound), a

missile director, a missile launcher mounting, a fire control room with supporting

electronics, and a console in a combat information center. The missile director

usesr Castor radar, as well as infrared and television tracking systems.

Other French equipment on the Luhu destroyers includes the Sea Tiger naval

surveillance radar, the Dauphin-2 (Z-9) helicopter (described later), and the

TAVITAC combat data system (which is used to integrate the Luhus' various

onboard systems).
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APPENDIX APPENDIX

Dauphin-2 (Z-9) Helicopter. In 1980 France agreed to allow China to build the AS-

365 Dauphin-2 in China as the Z-9 helicopter. The Chinese Navy has equipped

Dauphin-2s with sensors, torpedoes, and missiles for use aboard its vessels. The

Dauphin-2 is a medium-weight multirole helicopter that is powered by two turbine

engines. Capable of carrying 11 passengers and 2 pilots, the Dauphin-2 has a top

speed of 140 nautical miles per hour and a range of 410 nautical miles.

Composite materials are used in its main and rear rotor blades, and its tail rotor is

built into the vertical fin.

Super Frelon (Z-8) Helicopter. France delivered the SA-321 Super Frelon

helicopter to China in 1977 and 1978 and agreed to allow China to build the Super

Frelon, under the designation of Z-8, in 1981. The Chinese Navy has used Super

Frelons for anti-submarine missions and has equipped them with sensors,

torpedoes, and anti-ship missiles. The Super Frelon is a heavy shipboard

helicopter that is powered by two turbine engines. It has a top speed of 134

nautical miles per hour and a range of 440 nautical miles. The Super Frelon can

carry 27 fully armed troops or 39 unequipped troops.

Aspide Missile. According to one public source, Italy developed the Aspide from

the U.S. Sparrow air-to-air missile. Aspide production began in 1977. The semi-
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active radar-guided Aspide has a top speed of more than twice the speed of sound

and a range of about 7 nautical miles.

- Searchwater Airborne Early Warning Radar. The United Kingdom first deployed

the Searchwater aboard its Nimrod aircraft in 1979 and adapted it for use aboard

Sea King helicopters during its 1982 war with Argentina over the Falkland Islands.

It later developed the Skymaster version of the Searchwater, which it subsequently

incorporated into the Searchwater 2 system. According to a public source, the

airborne Skymaster uses an I-band transmitter that can operate in (1) a pulse

Doppler mode to provide look-down detection of airborne targets and (2) a

frequency agile conventional mode to detect ships as well as aircraft flying above

the Skymaster. When operating at 10,000 feet, it is capable of detecting (1)

fighters and small boats below it at ranges of about 70 nautical miles, (2) bombers

flying below it about 100 nautical miles away, and (3) larger vessels about 130

nautical miles away. The radar can store and update data on 100 airborne and 32

surface targets simultaneously.

- F-7WF-7MP Avionics. The United Kingdom and Italy have provided avionics for

the F-7M and F-7MP fighter aircraft. The Soviet Union first authorized China to

build the F-7-a variation of the MiG-21 fighter-in 1961. China later developed the

F-7M and MP versions for export to other nations, including Pakistan. According to
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public sources, the United Kingdom provided China with heads-up displays,

weapon-aiming computers, and fire control radars for the F-7M. Italy later provided

a new fire control radar for the F-7M and F-7MP.

(711295)
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Technology Decontrols: Striking at the Heart of U.S. National Security

Mr. Chairman, members of the committee, I am honored to appear before you today to
discuss the issue of technology transfer and the release of so-called dual use technologies to
potential military adversaries and countries engaged in nuclear, chemical, biological, and missile
proliferation. I am obliged to point out that I am appearing today as a private citizen and not as a
representative of the Department of Defense or the U.S. govenmment

As we meet today, the administration appears poised to announce yet another round of
unilateral supercomputer decontrols. This time it is feared by many that administration excesses
will extend well above the current unjustifiable 7,000 MTOP level. In 1995, 'President Clinton
[unilaterally] decontrolled computers up to 2,000 MTOPS [from the previous CoCom ceiling of
260 MTOPS] for all users and up to 7,000 MTOPS for civilian use in countries such as Russia"'
and China Providing access to even greater processing power will impart to potential adversaries
and proliferators the ability to pursue design, modeling, prototyping, and development work
across the entire spectrum of weapons of mass destruction. The weapons design establishments
of Russia and the People's Republic of China stand to reap the greatest benefit from further
decontrol.

There is growing speculation that the Clinton administration's furious push to decontrol
supercomputers, widely seen as a payoff for generous campaign support and contributions, 2 was
also intended to underwrite Comprehensive Test Ban Treaty (CTBT) signatures by providing an
avenue for weapons testing, stockpile stewardship, and ongoing weapons development without
the need for the physical initiation of a nuclear chain reaction.

On February 24, 1997, Russia's Ministry of Atomic Energy announced:

The 1996 signature of the Comprehensive Test Ban Treaty (CTBT) has become an undoubted
success in the struggle hr nudear disarmament. At the expect meetings in London in December
1995 and Vienna in May 1996, which precded the CTBT signature, special attention was paid to
the issue of maintaining security of the nudear powers' respective arsenals under conditions of
discontinued on-site testing. Nuclear arsenal security maintenance is impossible without
simulation of physical processes and mathematical algorithms on bigh-perfouinance parallel
computers, which are cumenly produced in the United States and Japan. In the interests of
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signing the CTBT in the shortest possible time, the U.S. and Russian experts mutually agreed on
the necessity ofsefling modern high-peribsmansce computers to Russia 3

Going Virtual -- What Does It Mean?
Virtual testing, modeling, and simulation are essential to clandestinely maintain or advance

nuclear weapons technology. As the planet shows no sign of nearing the point where nuclear
weapons are banned, it is reasonable to assume that current or aspiring nuclear weapons states
will vigorously attempt to acquire high-performance computers to advance their nuclear programs
with a degree of covertness hitherto impossible to achieve.

The weapons-related research envisioned for the U.S. National Ignition Facility would
rely on high-performance computers and test equipment to explore a range of activities potential
adversaries may duplicate. These include:'

Radiation flow: In most thermonuclear devices X-radiation emitted by the primary supplies the
energy to implode the secondary. Understanding the flow of this radiation is important for
predicting the effects on weapon performance of changes that might arise over time.

Properties of matter. Two properties of matter that are important at the high-energy densities of
a nuclear explosion are equation of state and opacity. The equation of state is the relationship
among a material's pressure, density, and temperature expressed over wide ranges of these
variables. Opacity is a fundamental property of how radiation is absorbed and emitted by a
material. The correct equation of state is required to solve any compressible hydrodynamics
problem accurately, including weapons design. Radiation opacities of very hot matter are critical
to understanding the radiation flow in a nuclear weapon.

Mix and hydrodynamics: These experiments involve the actual testing of extremely low-yield
fission devices (as low as the equivalent ofseveral pounds ofTNT) within a confined environment
. . . to study the physics of the primary component of thermonuclear warheads by simulating,
often with high explosives, the intense pressures and beat on weapons materials. (The behavior of
weapons materials under these extreme conditions is termed 'hydrodynamic' because they seem to
flow like incompressible liquids.) Hydrodynamic experiments are intended to closely simulate,
using non-nuclear substitutes, the operation ofthe primary component of a nucear weapon, which
normally consists of high explosive and fissionable material (the plutonium pit). In
hydrodynamic experiments, the properties of surrogate pits can be studied up to the point where an
actual weapon releases fission energy. High explosives are used to implode a surrogate non-fissile
material while special X-ray devices (dynamic radiography) monitor the behavior of the surrogate
material under these hydrodynamic conditions.'

X-ray laser research: Supercomputer-based experiments could provide data for comparison with
codes and could be used to further interpret the results of past underground experiments on
nudear-pumped X-ray lasers.

Computer codes: The development of nuclear weapons has depended heavily on complex
computer codes and supercomputers. The codes encompass a broad range of physics including
motion of material, transport of electromagnetic radiation, neutrons and charged particles,
interaction of radiation and particles with matter, properties of materials, nuclear reactions, atomic
and plasma physics, and more. In general, these processes are coupled together in complex ways
applicable to the extreme conditions oftemperature, pressure, and density in a nuclear weapon and
to the very short time scales that claracterize a nucear explosion

Weapons effeces: Nuclear weapons ISd used to be investigated by exposing various kinds of
military and commercial hardware to the radiation from actual nuclear explosions. These tests were
generally conducted in tunsels and were designed so that the hardware was exposed only to the

2
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radiation from the explosion and not the blast. The data were used to harden the equipment to
reduce its vulnerability during nudear conflict. Without nudear testing, radiation must be
simulated in aboveground facilities and by nmerical calculations.

Verification Technologies Made Irrelevant
On a prima facie level most would instinctively argue that eliminating nuclear chain-

reaction explosions from the planet is highly desirable and would help make the world a safer
place. However, the reverse may actually be the case; that is, the elimination of physical tests
and their migration to cyberspace may make the world a more dangerous place. Can such a
counterintuitive proposition be true? Consider the trillions of dollars' worth of detection,
monitoring, and early-warning infrastructure designed to identify and measure foreign nuclear
weapons programs that would be rendered useless by virtual testing. .

The term national technical means of verification (NTM) is often used to describe
satellite-borne sensors, but it is more generally accepted as covering all (long-range) sensors with
which the inspected country does not interfere or interact. Ships, submarines, aircraft, and
satellites can all carry monitoring equipment employed without cooperation of the monitored
country. Ground-based systems include over-the-horizon (OTH) radar and seismic monitors.
Acoustic sensors will continue to provide the main underwater NTM for monitoring treaty
compliance.

The first of the high-technology methods of treaty monitoring were the U.S. VELA
satellites, designed in the 1960s to monitor the Limited Test Ban Treaty. Their task was to
detect nuclear explosions in space and the atmosphere.'

At precisely 0100 GMT on Sept. 22, 1979, an American satellite recorded an image that made
intelligence analysts' blood run cold. Looking down over the Indian Ocean, sensors aboard a
VELA satellite were momentarily overwhelmed by two closely spaced flashes of light. There was
only one known explanation for this bizarre phenomenon. Someone had detonated a nusdear
explosion. The list of suspects quickly narrowed to the only two countries at the time that had
the materials, expertise, and motivation to build a nudear weapon: South Africa and Israel. Both
denied responsibility.!

This event was not confirmed until 1997, when Aziz Pahad, South African deputy
foreign minister, stated "that his nation detonated a nuclear weapon in the atmosphere vindicating
data from a then-aging Vela satellite." Pahad's statements were confirmed by the U.S. Embassy
in Pretoria, South Africa

VELA's modem counterparts include the global positioning system (GPS) satellites.
While these also have the function of providing navigational and positional data, their alternate
role is to detect nuclear explosions, and to this end they mount both X-ray and optical sensors.
However, "as nuclear detectors in orbit on Global Positioning System satellites age, the
credibility of their data again could be challenged, and have subsequent adverse policy impacts."

Without strong evidence of a nudear tent no Administration official is going to charge another
nation with violating a test ban treaty, for example. Los Alamos and the U.S. Energy Dept. have

3
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expended approximately $50 million to develop a new generation of space-based nuclear detection
sensors, but they may never get into orbit. Pertagov budget woes could preclude inclusion of
EMP sensors on next-generation GPS satellites, amcording to Los Alamos officials

Researchers who developed the new sensors said it is ironic that funding constraints could force a
decision to keep the detectors grounded. After all, had the old Vela satellite been equipped with a
functioning EMP detector, it would have confinmed that the optical flash in September 1979 was a
nudear blast. The White House panel subsequently stated that, because nudear detonations had
such critical ramifications and possible consequences, it was imperative that systems capable of
providing timely, reliable corroboration of an explosion be developed and deployed.'

The following types of verification technologies, among others, would be rendered
ineffective or irrelevant by the migration of nuclear weapons testing to supercomputer-based
simulation and modeling

SPACED-BASED OPTICS AND SENSORS. Several satellites, such as GPS, Teal Ruby,
Lacrosse, and the KH series, have telescopes and an array of detectors that are sensitive to various
regions ofthe electromagnetic spectrum.

RADAR. Lightweight space-based radar aboard satellites such as Lacrosse or AFP-731 (KH-112),
which are capable of penetrating heavy cloud layers and monitoring surface disturbances at
suspected nudear test sites.

LISTENING POSTS. Hydroacoustic stations located on Ascension, Wake, and Moresby Islands
and offthe western coasts ofthe United States and Canada and Infrasound arrays in the United
States and Australia detect underwater and suboceanic events and distinguish between explosions
in the water and earthquakes under the oceans. Some seismic stations located on islands or
continental coastlines may be particularly usefud since they will be able to detect the T phase-an
underwater acoustic wave converted to a seismic wave at the edge ofthe landmass.

RADIONUCLIDE MONITORING NETWORK. A new effort is underway to detect Xenon-133
and Argon-37 seepage into the atmosphere days or weeks after a nudear weapons test." The
inadvertent release of noble gases during clandestine nuclear tests, both above and below ground,
represents an important verificaon technique. As nuclear explosions produce xenon isotopes,
and xenon can be detected in the atmosphere its concentration determined by noble-as
monitoring is very useful.1"

SEISMIC DETECTORS. The United States has sat up a worldwide network of seismic detectors,
like those used to measure earthquakes, that can gauge the explosive force of large underground
nuclear tests. Research programs funded by the Department of Defense improved monitoring
methods for detecting and locating seismic events, for discriminating the seismic signals of
explosions from those of earthquakes, and for estimating explosive yield based on seismic
magnitude detemusnations.

A I-kiloton nuclear explosion creates a seismic signal of 4.0. There are about 7,500 seismic
events worldwide each year with magnitudes > 4.0. At this magnitude, all such events in
continental regions could be detected and identified with current or planned networks. If however,
a country were able to decouple successfiilly a I-kiloton explosion in a large underground cavity.
the muffled seismic signal generated by the explosion might be equivalent to 0.015 kilotons and
have a seismic magnitude of 2.5. Although a detection threshold of 2.5 could be achieved, there
are over 100,000 events worldwide each year with magnitudes a 2.5. Even if event discrimination
were 99%/ successful, many events would still not be identified by seismic means alone.
Furthermore, at this level, one must distinguish possible nuclear tests not only from earthquakes
but also from chemical explosions used for legitimate industrial purposes.1

2
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Aiding and Abetting Proliferation
One of the lessons learned from the destruction of Saddam Hussein's nuclear weapons

program was that a proliferant may be quite willing to settle for hydrodynamic testing of its
prototype nuclear weapons as an uneasy certification for including them into its arsenal.

The Iraqis were designing exclusively implosion-type nuclear weapons. Their apparent exclusive
focus on ULJ' as a fuel is, therefore, puzzling because plutonium is the prefirred ftuel for an
implosion weapon [as] ... the mass of high explosives required to initiate the nuclear detonation
can be far smaller On the other hand, given enough UO' it is virtually impossible to design a
nuclear device which will not detonate with a significant nuclear yield."3

The Iraqi nuclear weapon design, which appeared to consist of a solid sphere of uranium,
incorporated sufficient HEU to be very nearly one full critical mass in its normal state. The more
nearly critical the mass in the pit, or core, the more likely the weapon will explode with a
significant nuclear yield, even if the design of the explosive set is relatively unsophisticated.
Furthermore, the majority of the weight involved in an early-design implosion-type nuclear
weapon is consumed by the large quantity of high explosives needed to compress the metal of the
pit; the more closely the pit approaches criticality, the less explosive is needed to compress the pit
to supercritical densities and trigger the nuclear detonation, and thus the lighter, smaller, and more
deliverable the weapon will be.

Given the limited access to fissile materials facing most potential proliferants and the
threat of a preemptive strike by a wary neighbor, as we saw in 1981 when Israel destroyed the
Iraqi Osirak reactor, proliferants cannot readily engage in physical testing along the lines of the
superpower model.- U.S. actions to promote the availability of high-performance
supercomputers will likely contribute to the proliferation problem by facilitating access to
modeling and simulation, which will give clandestine bomb makers greater confidence in the
functionality of their designs. This increased level of confidence may be all that a belligerent
may require to make the decision to deploy a weapon. Sophisticated modeling and simulation
will enable clandestine programs to advance closer to the design and development of true
thermonuclear weapons.

From a historic perspective it is interesting to note that the concept of a comprehensive
test ban was repeatedly forwarded by the Russians throughout the 1980s and consistently
rejected by the United States. In the 1990s a strange reversal occurred with the United States
advocating a CTBT and the Russians becoming reluctant to go along. This shift parallels the
explosion in high-speed computing potential emanating from the United States and the relatively
stagnant progress of Russian indigenous capabilities. There may be much truth in the statement
of a MINATOM official that: "The United States has made much better provisions than Russia
for giving up nuclear testing. Supercomputers used for virtual-reality modeling of the processes
of nuclear explosions have played a decisive role in that."

If the Russian claim that the United States reneged on a promise of supercomputer
technology in exchange for accession to the CTBT is accurate, then the very value of this treaty
must be questioned. If, as a price for Russia's signature, the Clinton administration was willing
to provide the means of circumventing both its spirit and explicit goals, then the treaty should be
regarded as little more than a sham to be rejected by the U.S. Senate.

5
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hfbigh-pafomrance computers were made available to the Russian nudear weapons design bureaus
the historical database accumulated from their previous nudear tests will be the most significant
factor in maintaining their stockpiles. In the absence of physical testing they would be able to
simulate a wide range ofnudear weapons design alternatives including a variety of unboosted and
boosted primaries, secondaries, and nudear direeted-energy designs.'

In addition, the modeling and simulation efits will help them to maintain a knowledgeable
scientific cadre and to continue to verify the validity of calculational methods and databases. Under
a test ban, only computer calculations will be able to approximate the operation of an entire
nudear weapon. Other states would also recognize the value of advanced simulation research in
helping to develop or maintain nudear weapon programs. In addition, high-performance
computers may make it possible for micro-physics regimes of directed-energy midear weapon
concepts to be investigated as well."'

Few were happy when the United States helped the United Kingdom become a nuclear
power. Even fewer were pleased when the United States helped the French develop an
independent nuclear capability.' Assisting the Russians in maintaining and further developing
their nuclear arsenal is outrageous. Unfortunately, U.S. nuclear proliferation activities do not
end there. If the persistent rumors are true that the United States is even considering providing
aid to China to sustain its nuclear weapons modernization program in a CTBT environment, then
alarm bells should be sounding on Capitol Hill on the unintended consequences of reckless
disarmament.

Will the synergistic effect of the CTBT and the decontrol of supercomputers make the
world a safer place or a more dangerous place? Our uncertainty anticipating the nuclear
intentions of potential adversaries will increase as the result of an increasingly opaque window
into their programs. As to whether this will translate into a quantifiable increase in the risk of
nuclear war or terrorism intuitively the answer appears to be yes, but how much is uncertain.

U.S. willingness to trade supercomputer technology for treaty signatories and its own
rush toward virtual testing make a farce of pretensions to high moral ground in criticizing others
for rejecting the CTBT. "Pakistan or India ... could be forgiven for suspecting that the five
major nuclear powers, which asserted for years that testing was critical to maintaining deterrence,
have now advanced beyond the need for nuclear tests. All the more reason, perhaps, for them to
oppose the treaty.""7

National Security vs. Market Share
The level of irresponsibility displayed by this administration toward our current national

security and the legacy of physical security being left for our children are the most distressing
developments of all The blind pursuit of market share and the disregard of our national security
were again demonstrated by the February 1998 U.S. proposal to the Wassenaar export control
forum for the accelerated de-listing of virtually all telecommunications technology and equipment
If this proposal goes through it will result in free and open access by even the rogue states to
state-of-the-art optical fibers, transmission equipment, switches, repeaters, high-speed computer
network systems, advanced encryption, etc., which forms the backbone of military battle
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management, air defense, command and control, missile launch, and joint R&D development
efforts.

As one of the architects of this so-called Wassenaar regime, the United States agreed to
incorporate a series of "validity notes" in the text. Essentially, these notes are trap doors that are
timed to spring open this fall and drop several key technologies from any form of international
export control. The two principal technologies poised to fall out are telecommunications and
machine tools.

To maintain these items on the export control lists requires unanimity from the member
states. Unfortunately, as the organization's membership has expanded to include countries that
were historically the target of export controls -- some of which still should be -- the likelihood of
these controls surviving beyond this fall is very remote. Certainly, British proposals to maintain
telecommunications as an item of control face great difficulty in overcoming U.S. calls for
immediate pre-emptive decontrol. The weak U.S. position in seeking to extend machine tool
controls beyond the fall deadline must be taken with a grain of salt as Wassenaar members that
are also machine tool builders will demand decontrol at least equivalent to U.S.
telecommunication proposals. After all, the United States continues to take the lead in scrapping
national security controls in favor of market share.

As most Wassenaar member nations rely upon this list as the basis for their domestic
export control systems, when a technology falls from that list it also disappears from their
domestic systems as well. The result is the unrestrained export and re-export of commodities
and technologies, which in the hands of potential adversaries will prove deadly.

To compound these problems in a most spectacular fashion is the pending administration
decision to perpetrate another technological fiction known as the MD-17. Basically the MD- 17
is the brand-new C-17 painted blue and white and incorporating some other minor cosmetic
changes so that it may soon be termed a "civil" aircraft by the administration. This action
appears to be motivated purely around attempts to lower the unit cost of this $170 million
strategic airlifter so the U.S. military can afford to buy more of them. The game is to free this
aircraft from the control of the ITAR (International Traffic in Arms Regulations) administered by
the State Department and place it under the jurisdiction of the extraordinarily weak CCL
(Commodity Control List) run by the Commerce Department. If the MD- 17 is termed a civil
airliner it will no longer be subject to sanctions such as those imposed upon the PRC after the
Tiananman Square massacres. It will be free to be sold to China so long as a Department of
Commerce export license is obtained. Unfortunately as the Commerce Department controls are
extraordinarily non-specific when it comes to "non-military" transport craft, you can expect to
see the PLAAF flying MD-I 7's in future military adventures.

The MD-17 will provide the PRC with the long-range military logistics support it
currently lacks. This capability to deliver military supplies in any weather, over great distances,
to even the most remote and austere ground locations will provide the missing link to PRC power
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projection needs. The lack of strategic and tactical aflift has been one of the principal factors
limiting PRC expansionist ambitions. Once such aircraft are made available and incorporated into
their military doctrine the critical mass may be reached for PRC decisionmakers for the military
supported pursuit of historic territorial claims and the securing of vulnerable oil resources to their
East, South, and West.

If experience is any guide we should also anticipate with a considerable degree of
confidence that this "civil" aircraft will quickly become the target of PRC manufacturing
ambitions as well. Considering the fact that the infamous Columbus, Ohio "Plant 85" where
critical parts for the C-17 were manufactured was sold to the PRC the Chinese should be well
positioned to begin manufacturing this aircraft locally. That transfer, and the subsequent
diversion of some key equipment to a Chinese missile factory, is reportedly the subject of a
federal grand jury investigation.

The critical mass issue is one of the greatest unknowns in predicting future events. One
thing is certain however the continuing hemorrhage of U.S. and western "dual-use" technology
will manifest itself in Chinese military capabilities. Where the "red-line" exists in the PRC's
strategic calculus between capabilities, confidence, and mission requirements can only be inferred
at this point. But what is certain is that the unique Chinese world outlook, practicality, military
doctrine, national requirements, and geopoliticallmilitary position will result in strategic surprise
for the U.S. both in terms of where they will apply military force and the unique manner in
which it will be applied.

Recent head-to-head competition between Russia and China to supply Iran with a nuclear
reactor complex demonstrates the increasing willingness to collaborate with potential customers
rather than cooperate with the West on proliferation issues. The current portrayal of the Chinese
as being forthcoming on proliferation matters is a political fiction. Their backing away from
Iranian nuclear cooperation was the result of losing out to the Russians on the reactor complex
deal. Any appearance of a more judicious approach by the PRC is just that "appearance." It the
Russians fail to deliver under their new contract then the PRC will certainly be first in line to
offer the Iranians whatever they want.
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Multiplier Effect
The military value of high performance computers cannot be determined from
their isolated characteristics but must be considered within the environment in
which they will be used. They are essential to a host of military or nuclear
programs which require computational complexity and extreme accuracy such as:

Simulation of missile, rocket and submarine
performance.

Simulation of ablation and deformation of
nuclear warheads during atmospheric
reentry.

Simulation of nuclear weapons effects in
lieu of atmospheric or underground testing.

Possession of high-performance computers will enable the design and testing of
nuclear, chemical and biological weapons as well as missiles and aircraft in total
secrecy. Traditional warning indicators of threatening activities such as large
wind tunnels, instrumented test ranges, and seismic disturbances will no longer
be available to intelligence analysts. This loss of strategic warning due to the
"virtual" nature of future weapons development programs will drive the creation
of a new multi-billion dollar per year "Information Warfare" program whose
aims will include detection and disruption of clandestine weaponization
activities.
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Dual Use Technology Export Licensing Process: Wired to Fail

Mr. Chairman, members of the committee, I am honored to appear before you
today to discuss the transfer of so-called dual-use technologies to potential military
adversaries and countries engaged in nuclear, chemical, biological, and missile proliferation.
I would like to state for the record that I am appearing here today in response to a
subpoena and not as a spokesman for DoD or the U.S. government.

For the past 12 years I have been a senior strategic trade advisor within DoD's
Defense Technology Security Administration. I have served as international negotiator
for export controls over machine tools, controllers, robots, industrial equipment,
software, and navigation and guidance equipment. I was also the chairman and head of
the U.S. delegation to the Paris-based eight-country study group on Advanced Materials
for Weapons Systems and the study group on Defense Production Technology and
Equipment. In addition, I have been a licensing officer overseeing exports to various
proscribed countries including China, Libya, Iraq, former Warsaw Pact countries, Iran,
and India. Currently, I am DoD's representative to the Subcommittee on Nuclear Export
Controls (SNEC). My tenure has given me the opportunity to witness the birth,
development, maturity, and premature death of DoD's credible role as the guardian of
U.S. technology security.

Let me state up front that over the past six years the formal process to control
exports of dual-use items has failed its stated mission - to safeguard the national security
of the United States. On several levels, what passes for an export control system has
been hijacked by longtime ideological opponents of the very concept of export controls.
Six years ago, opponents of export controls were granted direct responsibility for
managing the Defense Department's role in this important process. DoD has suffered the
greatest damage. Unfortunately, the wrecking ball is still swinging, and on October 1,
1998, it will level the last vestiges of DoD's role in the process.

l
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Through a tireless campaign,.the opponents of export controls have managed to
destroy the 16-nation Coordinating Committee on Export Controls (CoCom) and
decontrol vast arrays of critical military technology, rewire the U.S. domestic export
control process so that it is structurally unsound and unable to.safeguard our security,
and erect a series of ineffectual domestic regulations and international working groups
designed to project a false impression of security, deliberation, and cooperation. .This

Potemkin Village has been constructed to deceive both the Congress and the American
people and lull us all into a false sense of security while short-sighted business interests
line their pockets at the expense of future generations of American soldiers and citizens
alike.

* Mr. Chairman, the single point of greatest failure in maintaining a credible export
control system was the neutering of the Defense Department's traditional role as the
conservative anchor. First, DoD's key staff were effectively removed from the chain of
command and the decision-making process within DoD. DoD abandoned its traditional
role and instructed DoD employees to side with the Commerce Department and isolate
the State Department and the Arms Control and Disarmament Agency (ACDA) on many
issues.

The campaign to isolate DTSA began in earnest with the arrival of David Tarbell
as the director of DTSA. DTSA personnel were cut off from most technology security-
related activities in the Defense Department. Whereas DTSA was once the linchpin for
these issues within the department it was quickly marginalized by its own leadership. To
clamp down this quarantine, DTSA management instructed the Pentagon to, in effect,
prohibit DTSA personnel from receiving the USDP Daily Report, a summary of a broad
range of issues important to DoD staff (see Attachment 1). This cut-off was both
malicious and damaging to the organization's mission It should be noted that the Daily
Report, an E-mail distributed document, is available to hundreds of other OSD personnel,
including interns.

As if these steps were not enough, as part of the campaign to marginalize -but
maintain the illusion of an effective organization- DTSA management placed staffers
with little to no experience or technical aptitude in key positions representing DoD in
interagency meetings. DTSA representation has become the joke of the interagency
process due to its putting its weakest foot forward. In addition, the revolving door of
compliant military personnel being hired into DTSA civilian vacancies has helped to
undermine the morale and competence of the entire organization. It should be noted that
these practices were among the dozens of findings in a devastating 1992 DoD/IG report.
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Shorting Out the Licensing Process
As the purpose of today's hearing is to review the licensing process, I would like

to begin by describing the current process, how it has changed over time, and the impact
of these changes upon our national security. The three charts in Attachment 2 are
designed to illustrate these issues.

As shown in Chart 1, Pre-1992, a typical export license application followed a
relatively straightforward path. The process began when an application was submitted
to the Commerce Department. If Commerce deemed it appropriate the case was staffed
to State, Defense, Energy, ACDA, or the NRC for review. Each agency provided its
recommendation to approve, deny, or refer to one of the specialized interagency
subcommittees on nuclear, missile, or chemical-biological warfare (CBW) issues. If
agencies could not arrive at a consensus-based position, then the case would be escalated
to the Operating Committee. If the WMD-focused subcommittees failed to agree, then
the case would be escalated directly to the Advisory Committee on Export Controls
(ACEP).

Chart 2 depicts the erection of the first of the firewalls that have come to
dominate the process. This invisible barrier represents the unwillingness of DoD officials
to escalate disputed cases beyond the ACEP. Unfortunately, in this process, failure to
escalate and fight on behalf of a minority view means you lose. Commerce was quick to
sense DoD's lack of resolve. Then the predictable took place. Commerce began pushing
the envelope on virtually all issues and boldly overruled a weak and ineffectual DoD. It
wasn't long before DTSA staff began receiving stunning instructions from their director to
support DoC on a variety of issues. DoE and ACDA increasingly distanced themselves
from DoD positions because of DoD's failure to protect its own mission areas. It should
be noted that national security-minded staff in DoE were being similarly undermined.

Chart 3 shows the process calcifying with the promulgation in December 1995 of
Executive Order 12981. This highly deceptive document purported to broaden DoD's
role in export licensing by increasing the number of cases DoD would be permitted to
review. But what the right hand giveth, the left hand taketh away. The Executive Order
divorced the weapons of mass destruction (WMD) focused committees from the ACEP
and elevated the Commerce-chaired Operating Committee to new heights of power and
influence by breaking the peer relationship with its sister committees and making it the
only committee to report to the ACEP. The Missile Technology Export Committee
(MTEC), the Subcommittee on Nuclear Export Controls (SNEC), and the Shield
(Chem/Bio issues) committee were all relegated to insignificant positions as they lost the
ability to vote a case directly to the ACEP. Thus a second firewall was erected and
serves as a barrier to prevent the most knowledgeable participants in the interagency
process from being able to directly inform policymakers on the most profound
technology transfer issues of the day.
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As if these changes weren't enough, the Executive Order also shortened the time

available for the USG to screen license applications. Combined with a further draconian
shortening of the time allowed by DTSA management to review cases within DoD, the

system is designed for failure. For example, when a case comes to DoD for review
DTSA's internal engineering staff have approximately four hours to undertake a technical
review of perhaps 20 to 30 cases each day. Approximately 70 percent of the cases are
approved outright based upon the meager information contained in the license. The
technical reviewer generally does not get a second look at the case. Agencies have only 10
days to ask questions. After that no questions are allowed

As the charts in Attachment 3 reveal, at the same time that the December 1995
Executive Order was handed down, DTSA's role in the process was further diminished.
DTSA in turn slashed the role played by the armed services, the Defense Intelligence
Agency, and the National Security Agency by limiting the number of licenses referred for
their review. These organizations, of course, possess the most credible and critical
decision support information. DTSA's shutting them out cripples efforts to discern the
national security implications of licensing decisions. In addition, DTSA management
began arbitrarily dismissing valid intelligence informiation because "it was over one year

old" Thus when faced with evidence that would have traditionally been termed "a
smoking gun" the chain of command now capriciously rejects intelligence data and
technical analysis when it suits them.

Matters are even worse in the case of supercomputer licensing

A DoD That Won't Say No
The Defense Department was the leader in successful efforts to decontrol exports

of supercomputers capable of processing vast quantities of complex information and

supplied funding and other forms of assistance to contractors hired to justify
preconceived policy initiatives in this regard. In a strategic context, such computer
systems typically figure in weapons development laboratories, nuclear weapon

simulation and modeling facilities, ICBM warhead design activities, and a host of other

critical military applications. DoD's leadership harked right back to the role played by
the new DoD chain of command in decades-long efforts to reform [read scrap] the export

control system centered at the National Academy of Sciences.

Was it any wonder that DoD officials were unhappy when the Congress
mandated, in Section 1211 (a) of the National Defense Authorization Act for Fiscal Year

1998, that Commerce was required to forward to the Defense Department all computer

license applications for systems exceeding a certain level of performance? This new

authority was an unwanted gift to some in DoD who led the charge to decontrol the very

computers Congress addressed in the law. The White House immediately sought to

4
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neutralize this congressionally mandated requirement by requiring the signature of an
under secretary in order to object to such an export (see Attachment 4). The Commerce
Department narrowed the window even more by refusing to recognize the right of DoD
officials to delegate authority internally.

As we meet today, the administration appears poised to announce yet another
round of unilateral supercomputer decontrols. This time many fear that administration
excesses will extend well above the current unjustifiable 7,000 MTOPS level. In 1995,
"President Clinton [unilaterally] decontrolled computers up to 2,000 MTOPS [from the
previous CoCom ceiling of 260 MTOPS] for all users and up to 7,000 MTOPS for
civilian use in countries such as Russia" and China This will enhance proliferators ability
to pursue design, modeling, prototyping, and development work across the entire
spectrum of weapons of mass destruction. The weapons design establishments of Russia
and the People's Republic of China stand to reap the greatest benefit from further
decontrol.

Just last year, DoD officials went along with a proposal from a minor DoE office
director to decontrol oscilloscopes -- an item controlled for nuclear nonproliferation
concerns. Remarkably, rather than opposing this reckless initiative, which was not
coordinated with higher-level authorities, DoD counter-proliferation and DTSA officials
supported it. DTSA officials even went so far as to bar its employees from addressing
the vital nuclear weapons applications for oscilloscopes and limited position papers to
the non-nuclear military uses of these instruments -- a weak argument at best, as they
were controlled for nuclear non-proliferation reasons only.

A quick peek inside the instrumentation trailers and shacks set up around the
Indian and Pakistani nuclear test sites would likely reveal scores, if not hundreds, of
advanced oscilloscopes, reflectometers, computers, transducers, spectrometers, and other
data-capture instruments whose export decontrol was championed by the administration
The United States developed and pushed decontrol both domestically and in the already
ineffectual international regimes known as the Nuclear Suppliers Group and the
Wassenaar dual-use technology regime. The oscilloscope decontrol took effect in 1997,
just in time for India and Pakistan to freely procure as many oscilloscopes as they needed
to install at their test sites. The Department of Defense became the incongruous
champion of the wholesale decontrol of advanced computers while the Department of
Energy promoted the decontrol of oscilloscopes despite the fact that they were originally
invented to support DoE's nuclear test program. The main beneficiaries of these
decontrols were intended to be the U.S. oscilloscope manufacturers and their Swiss
affiliates which lobbied the Clinton administration in an effort to freely export their
nuclear-proliferation sensitive products to India and China.

Nothing can more graphically illustrate how deeply embedded is the refusal to say
no in DoD's current psyche than the DTSA internal routing sheet in attachment 5. This
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sheet is used to solicit and coordinate positions and recommendations on important issues
including Memoranda of Understanding (MoU's), international agreements, data and
exchange meetings, exemptions to Foreign Military Sales (FMS) policies, waivers and
exemptions to established policies - including satellite launch policies. As you will
notice, there are only two possible options given for DTSA analysts to return: Approval
or Approval. The analyst who seeks to deny an export has no avenue to express an
objection.

Waging a Scorched-Earth Campaign
On October 1, 1998, the final death knell will sound for DoD's role in the export

control process. The pending merger of DTSA into the new Defense Threat Reduction
Agency (DTRA) is a national security disaster in the making. This reorganization will
result in the removal of DTSA from OSD Policy and place it within the Acquisition part
of DoD.

First, historically, DTSA and Acquisition have been bitter adversaries over
sanctions and export controls. Acquisition's primary interest naturally lies in lowering
the unit cost of goods they procure for the military and in maintaining a healthy defense
industrial base. Exports are seen as important profit centers, and overseas markets have
long been viewed as a primary means of achieving economies of scale and lower unit
costs. Export controls, sanctions, and embargoes appear, through Acquisition's lens, as
running contrary to their mission.

Second, the merger will create a basic conflict of interest. DTSA is often asked to
express an opinion/judgment on export license requests that Acquisition is sponsoring.
This is true for both dual-use and ITAR items and involves several organizations. Placing
DTSA under the command of parties that are net exporters raises the serious specter of
conflicts.

Third, calling for the physical relocation of DTSA from its traditional Crystal
City location and dropping it out at Dulles airport will be the coup degrace. DTSA
personnel have been key players in interagency meetings and activities including SNEC,
OC, MTEC, Shield, NEVWIG, missile launch arrangements, Wassanaar, etc. Personnel
will no longer attend a great many meetings, planning sessions or crisis teams, which are
essential if DoD is going to regain its former status as a credible player in the interagency
process.

Fourth, the new director of DTRA is a Lawrence Livermore National Laboratory
staffer who will occupy the position for a few years as an IPA fellow. This creates yet
another conflict of interest as DoD staff often deny cases bound for DoE-financed
programs within the former Soviet Union. Most of these programs are administered by
DoE labs including Livermore. These denials have generated considerable anger
throughout DoE in spite of the fact that DoE refuses to turn over evidence, repeatedly
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requested by DoD of a technology security plan for U.S. financed technology transfer
programs. These programs alone are deserving of a major round of congressional
oversight hearings.

Technology Security vs. Balance of Trade
For the Defense Department, both uniform and career civilian personnel, the

philosophy of containment and technical superiority endures as an echoing mantra. The
philosophy of the Department of Commerce, however, is one of economic engagement.
This philosophy is generally agreed with, if not vigorously endorsed, by high level
political appointees in all departments and agencies -- including DoD.

These philosophies are, of course, diametrically opposed. Technology sold to a
potential adversary that can be used to close the technical gap between its military
systems and ours diminishes our national security. Any short-term gain in our economy
would, with this result, represent at best a Pyrrhic victory. The flip side to the argument
is that by engagement our economy is improved. This provides incentives for increased
R&D to maintain the technical gap. The biggest beneficiary in such a cycle would be the
defense industry, which would be called upon to save us from our own trade policy.

The National Science and Technology Council Committee for National Security
listed three conclusions in its Phase I Progress report briefing (28 April 1997):

1. Government controls over controlled technology are effective within legal and
regulatory guidelines, but license decisions are generally made based on narrow
evaluation factors and so do not include analysis of multidimensional and long-
term effects.

2. The government does not have a comprehensive understanding of the effects
on U.S. national security interests of the international flow of both controlled
and uncontrolled technology.

3. Collecting and analyzing sufficient data to develop a comprehensive
understanding of the international flow of both controlled and uncontrolled
technology and its effects on U.S. national interests to determine if
adjustments to policy are called for would be a major undertaking.

Controlled technology is being redefined as uncontrolled technology at an
unprecedented rate and is being exported despite the fact that the government does not
have a comprehensive understanding of the effects on national interests. While claims of
"regulatory effectiveness" are made relative to controlled technology (again, which is
being nearly defined out of existence), the government has no clue concerning
multidimensional and long-term effects. Why? -- it would be a major undertaking and
would almost certainly expose the recklessness of current export control policy.
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The export control system works only when there is a strong degree of creative

tension between agencies. This natural adversarial approach ensures full and open debate.

In addition, it is vital that higher echelons be regular participants in the process, and this

is only achieved through escalation of issues to their level. Pre-emptive surrender because

one does not want to involve higher authorities or because one is afraid that escalation

may be misinterpreted as a personal failure to resolve issues does a great disservice to the

agency's mission, the process, and this nation's physical security. DoD's consistent

pattern of weak or no opposition, capitulation, and failure to escalate issues is the single

greatest factor in the loss of tension from the system and its consequent failure to execute

its mission.

Who's Next?
Tragically, nowhere in this government are analyses being performed to assess the

overall strategic and military impact of the technology decontrols I have described in my

testimony before the Joint Economic Committee on June 17, 1997 and April 28, 1998.

Nor are any analyses being performed on the impact of the day-to-day technology

releases being made by the dysfunctional export licensing process. Yet it is precisely at

the "big picture" level where the overall degradation of our national security will be

revealed Without such assessments the government will continue to blunder along

endangering the lives of our citizens unnecessarily.

8
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ATTACHMENT 1

USDP DAILY REPORT FOR
09 April 1997

SPECIAL OPS AND LOW INTENSITY CONFLICT

(U) FY 1996 REPORT TO CONGRESS PURSUANT TO 10 U.S.C. 2011, TRAINING
OF SPECIAL OPERATIONS FORCES WITH FRIENDLY FOREIGN FORCES.

(U) PRESIDENT'S TRAVEL TO THE CARIBBEAN.

STRATEGY & REQUIREMENTS

(U) NDP DIRECTOR JEHN SPEAKS TO NORWEGIAN DELEGATION:

(U) PEACEKEEPING TRAINERS CONFERENCE:

(U) FAILED JUSTICE SYSTEMS:

INTERNATIONAL SECURITY AFFAIRS

(C)

(C)f ]

(U) ZAIRE HEARING.
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2

(C) r

(C) I

(C) [ I

(U) POTUS CARIBBEAN SUMMIT COMMUNIQUE DRAFTING MEETING.

(S)[ I

(U) HAITI/LABOR UNREST.

(U) MEETING WITH GUATEMALAN DATT.

(U) PANAMA.

(C)I I

INTERNATIONAL SECURITY POLICY

(U) CWC UPDATE.

48-028 98 - 6

l

I
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3

(FOUO) NSC COMMENTS ON AIRBORNE LASER:

POLICY SUPPORT

(FOUO) ENCRYPTION.

(U) USAF SPECIAL OPERATIONS SCHOOL.
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ATrACHMENT 2

EXPORT LICENSING ESCALATION PROCESS
Pre- 1992

Simple Majority

APPLICATION SUBMITTED OR
RETURNED TO

THE COMMERCE DEPARTMENT
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EXPORT LICENSING ESCALATION PROCESS
1992 -1996

Yea or Nay

Simple Majority

APPLICATION SUBMITTED OR
RETURNED TO

THE COMMERCE DEPARTMENT
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EXPORT LICENSING ESCALATION PROCESS
1996 - PRESENT

Yea or Nay

FIREWALL created by Dec 95
Executive Order 12981
Neutralizing the Effectiveness
and Role Played by the WMD
Focused Group.

APPLICATION SUBMITTED OR
RETURNED TO

THE COMMERCE DEPARTMENT
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ATTACHMENT 3

I Percent of Cases Referred to DIAI|
- I CasesReceived

U Referred to DIA
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Percent of Cases Referred to NSA

96'- NM~~~~~~~~~ Cases Received
, 100- ej 1 Referred to NSA2 -
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nt of Cases Referred to ARMY,

la Cases Recemed
F * Referred to Army
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Percent of Cases Referred to AIR FORCE
1 1 Cases Received

* Referred to Ail Force

,700~ l

''84 - _--[

68_ i]

56 -_1
52-_ - H

44-_X
40~
36-
32 _
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l20
12 _

i 8 _
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Percent of Cases Referred to NAVY

19°6° Cases Received

9 Refered to Navy

84

so

72
68
64

60

2 396

.48
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ATTACNEMENT 4

DISTRIBUTION: TO i TSO

cUBJECT:r

SUSPENSE.

1. NO OBJECTION.

2. NO OBJECTION SUBJECT TO

SIGNATURE OF ACTION OFFICER: PHONE: |

DATE RETURNED TO PO/AC&PA: _

FOR ADDITIONAL INFORMATION, PLEASE CONTACT:

aUcWcs - s .
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HIGH PERFORMANCE COMPUTERS
Thedecontrol o all computers belowthe.S00-CTPlhreshold would auddenly make available to
fly proliferant state-of-the- art CAD/CAM or signal-proessing workstations thai are more

:apabbe than anything in the US defense setor. An enample o the strategic importance of such
iccews can readily be scex in the aerospace/missile dvelopment lield. High-speed ullra-precisc,
nd graphic-intenSinc workstations employing advanced (butrecently decontrolledi software
ic as ComputativonalFluid Dynamics orFinit.eElementAnalysis wouldobviateth needfor

2npensire. thermally conditioxed, wind tunnel laduities. The abitity to rapidly model and alter
si, shpe density and material characteristics in three dimenslons and mral time is what thes

vorkstatioxs were designedi fiur A prulilerant country could then totally ronceal its R&D ellorts
for, say, ballisticor cruise missiles until it has developedayableprototype. Workstations at this
level also play a pivotal role in the design and development of microprocessors, Integrated
circus dense memory. tc. thus providing te critical enabling technology
for indigenous commercial and military devices.

A severe impaui woild also occur In the aeas of ASW STEALTH. C
3
1. C

4
1, Tactical

Weather Forecasting, Nuclear, Chemical, Biological weapons development as well as each of the
21 critical military technologies identified in the DoD Criical Technologis Plan (se below) This
impact i directly related to the computational, memory, speed. storage, networkability,
rommunications, and graphics performance of systems In the range decontrolled.

STRATEGIC IMPACT
An analysti of the technooy embodied In the North American

Aenospace Defense Command (NORAD) reveals that thl continual etosion
of export controls has resuiled in the decontrol of vinually every system -r
sub-system at the headt of this nations strategic and ballistic missile defense
capability. Eumples Include:

* Fiber Optic Communicltions systems and Cables
L iarge format tactical displays

* Computers and Workstat ions
* Advanced communications and encryption devices
a Advanced Radars
. Advanced Signal Processing Systems

NORAD has just brought up to oeratlonal stalus an upraded
computer system to receive and Interale uaa from its region and sector
ortions control centers. This S10.mdlllon syslem consists of Iwo types of
iewlett-Paciard computers rated at 189 and 99 -300 MTOPs respectively.
This newly decontriled system Is illustrative of the strategic applications
which will quickly be made available to potential adversarines.

The decontrol of such powerful computing/analytlcal platforms
obviates the need for large computing faci iltes or mainframe
supercomputers such an^ C~ for weapons design. testinz or command

a n d o n t o l .C o u p e d i t h t h e e c e t a d a n i c i a t e r e l n a t o n s I n t h e a r e a
of selcommunoications this snakies ratpniddly relocatableand surnivable C31
possible and testing of advanced weapons highly portable, concealable and
inexpensive.

The 21 Critical Technology areas:
* Semiconductor Materials and Micro Crcuis

S SmItware Engineterin
* High lierformance Computing
. Machine Intellieoce and Robict
a Simulaion and hodeling
a Photonics
9Sensitive Radar

a Passive Senson
* Signal and Image Processing*Snatrn Control
.WeaponSystem Enhancement* Dala Fusion

* Computational Ruid Dynamics
a Air-breathing Propulsion
* Pulsed l'ower
. Hypervelocity Proectiles and Propulsion
* Iligh Energy Density Materials
. Composite Materils

Superconductivity
. Biotechnology

Flexible Manufacturing

C 197 Peter I. Lelsater
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IMPACT OF HOT SECTION DECONTROL
Decontrol by metaphor will yield the greatest results. Terms such as "Hot section" have no intrinsic meaning and can be defined

to fit a particular audience. In addition, use of the term carries a certain rhetorical appeal as it can be argued that limited risks are

being taken because it is only for one small part of an engine and will be limited to civil engines. This will effectively mask the

equal utility of the underlying technology in military engines. Technologies, Materials, and components which will be-become
free from export restraints by decontrol of "civil" hot sections include:

Materials:
Superalloys
Ceramic Matrix Composites
Metal Matrix Composites
Organic Matrix Composites
High Temperature Bearing Steels
Intermetallic
Powder Metallurgy
Florinated Polymides
High Modulus Organic Fibers
Elastomers, Monoplasts, Phenolic
Resins
Carbon/Carbon Matrix
Silicon Carbide Matrices

Coatings:
Aluminide's
Platinum-Aluminides
Suicides
Carbides
Refractory Metals

Coating Systems:
Chemical Vapor Deposition (CVD)
Physical Vapor Deposition (PVD)
Thermal-Evaporation PVD (TE-PVD)
Electron-Beam PVD (EB-PVD)
PVD-Resistive Heating
PVD-Cathodic Arc Discharge
Pack-Cementation
Plasma Spraying
Slurry Deposition
Sputter Deposition
Ion Implantation
Ion Plating
Laser Hardening

Bearings:
Solid Ball and Roller
Gas-Lubricated Foil Bearings
Hydrostatic Fluid Film Bearings
Active Magnetic Bearings
Shaberth & Adore CAD Programs

Software:
Gas Turbine CGD s/w
2D or 3D Viscous s/w for Engine
Flow Modeling

Technology:
Thin Wall Cooling
Hot Isostatic Presses
Machine Tools
Electro-discharge Machines
Ceramic Core Manu. Equip.
Ceramic Shell Wax Pattern Prep.
Equip.
Gas Turbine Brush Seal Manu. Equip.
Tools, Dies. & Fixtures for Solid State
Joining
Precision Hole Drilling
Single Crystal. Diredionally
Solidified Blade Manu. Equipment
Precision Investment Casting
Water Jet Machining
Forging
Diffusion Bonding
Cooled & uncooled turbine blades
Airfoil to disk techniques

Components:
Heat Exchangers
Single Crystal. Directionally
Solidified Blades
Ceramic Cores & Shells for Airfoils &
Vanes
Thermally Decoupled Combustion
Liners
Multi-domed Combustors
Non-Metallic Liners



Synergistic Effect of Decontrolling
Laser Technology

Souin _____ vz ofi Lk

Sealed Cockpit: No windows or protective shell around
pilot when entering high threat environment.

Brilliant stand-off weapons: Autonomous fire and forget,
high precision, munitions carriers using multi spectral
sensor arrays.

Volumetric on-board defense system: Mini-lasers on
aircraft project diffuse Laser pattern to polarize or ionize
flight envelope as barrier to hostile Lasers.

Countermeasures: Reflective, scattering, absorptive,
material deployed between laser source and target.

Anti-Laser homing missiles: Detect and ride beam back to
source and destroy it.

Personal protective devices: Eyeglasses, shutters, visors,
etc.

Tens of $ Billions Most Effective. Technology
does not yet exist. Current
sensors are as vulnerable as
human eye to laser exposure.

$ Uillions

$ Billions

Hundreds of $ Millions

Hundreds of $ Millions

Tens of $ Millions

Poor Tactical Substitute.
Extreme cost, small warheads,
on-board sensors vulnerable.

Doubtful utility. Technology
does not yet exist. Special
sensors needed to "see through
defense barrier, active barrier
will increase electro-optical
delectability of aircraft.

Doubtful utility against fixed
targets, ineffective against
mobile targets.

Minimally Effective, easy to
counter.

Least effective, narrow
bandwidth

0 1997 Peter , L&tiner
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At 10,000 Meters Equivalent to Firing a
100 m Wide Bullet

$40 Mllion A

$50,000 Laser Blinder

Easy Sell to public

Very large pay-off for industrial base 20 mrad Beam Divergence

Use against civil avaition 1,000 m = 13 m Blinding Zone

Use as assianation or terrorist weapon 2,500 m = 33 m Blinding Zone

Humanitarian issue in U.N. 5,000 m = 52 m Blinding Zone

Tactical weapon requires non-linear response 10,000 m = 104 m Blinding Zone

More usable than Chem., Bio., or Nuclear weapons

$40 Million plane w/$20 million laser protection
against a $50,000 weapon to deliver $20,000
worth of explosives AdS Once dazzled, a pilot has less than 28 seconds to

ARKid ._,i,,rOZ::,.egain sight before ejecting or losing control

F 1wl desr . Str

-ARRP Ob.M. OR



- Tactical Use of Laser Blinding Weapons
Relative Volume of

Range Beam Airspace Lethality
(Meters) Intensity Effected Within Envelope Mission Consequences

5,000 100 % 3,536,109 m3 ereorrhage. Loss of Aircraft and Crew
ernnanent Blindness

10,000 75 % 28.288,872 m3 Retinal Damage, Cataracts Loss of Aircraft and Crew
Fortn, Permtanent Damlage

15,000 50 % 95,474,943 m3 Dazzling, One Second to Reduced Effectiveness to Total
Twxo Minutes Recovery Tine Loss Depending Upon Pilot Reaction

IDQOWNA&MOI 9LLUMUNIAMON MUELD

MeemMeters \

Downr nae / I0c

0~5 \ Downranne

I I~~~I

bo, ooot

5,0.0 m
Downranae0 1997 Peer M4 Ldt er
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FUTURE WEAPONS SYSTEMS: Technologies Required
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FUTURE WEAPONS SYSTEMS: Technologles Required
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FUTURE WEAPONS SYSTEMS: Microelectronic Technologies Required
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FUTURE WEAPONS SYSTEMS: Microelectronic Technologies Required
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ATTACHMENT 8

UNITED STATES OF AMERICA

Congress of the United States

SUBPOENA

000002

To rlr Peter T eirner

Greetings:

Pursuant to lawful authority, YOUARE HEREBY COMMANDED to

appear before the COMMITTEE ON GO VERANMENTAL AFFAIRS of the Senate

of the United States, on June 75 1998, at j1 oo o 'clock

a.m., at its Committee Room, 34) Dirksen Senate Office Ruilding Washington D C

705 10, then and there to testify what you may know relative to the subject

matters under consideration by said Committee.

Hereoffail not, as you will answeryour default under the pains and penalties

in such cases made and provided.

To to serve and

return.

Given under my hand, by authority vested

in me by the Committee, on this I /1 day of

Ju 1998.

/C omean, Sen7a ofomiuee on vernmcntal AffaiTs
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1994 DPA. Pubel Admiistra. UOr I oi. Satf Cmilfi
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June 23, 1998

Ms. Sandra Stuart
Assistant Secretary for Legislative Affairs
US Department of Definse
1300 Defense Pentagon
Washington, DC 20301-1300

Dear Ms. Stuart:

On April 28, 1998, the Joint Economic Committee held a hearing at which
Dr. Peter Leithner appeared as a witness. Dr. Leitbner, a Defense Department
employee, appeared before the Committee in his capacity as a private citizen.

There was some confusion during Dr. Leithnar's oral comments regarding
the Defense Department's role in the February 1993 decision concerning the
control of telecommunications technology and equipment Dr. Leithner stated
that, -the entire administration, including the Definse Department," acted
irresponsibly in its handling of this decision. Yet. Dr. Leitimer was unable to
describe the Department's involvement in the decision. In order to clarify this
apparent confusion, I would be grateful if you would provide me with a detailed
description of the Defense Department's role in this February 1998 decision.

Please contact Howard Rosen, Minority Staff Director of the Joint
Economic Committee, at 202-224-0372, if you have any questions concerning this
request.

I look forward to your prompt responses to this request.

S.

JeB
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DEFENSE TECHNOLOGY SECURITY ADMINISTRATION
400 ARMY NAVY DRIVE, SUITE 300

ARLINGTON, VA 22202-2884

Honorable Jeff Bingaman AUG 6 1998
United States Senate
Joint Economic Committee
804 Hart Senate Office Building
Washington, D.C. 20510-6602

Dear Senator Bingaman:

Thank you for your letter of June 23, 1998, regarding the Defense Department's
role in a decision concerning control of telecommunications equipment and technology.

In December 1995, the multilateral export control organization known as the
Wassenaar Arrangement (WA) agreed to remove from control certain telecommunica-
tions equipment and technology that is widely used in civil telephone systems. This
decision will become effective on November 1, 1998, unless all WA members agree to
modify it. This matter was reviewed by the interagency export control community with
full participation by the Department of Defense (DoD), including NSA. DoD agreed with
the U.S. Government's position in March 1998 that there is no national security basis to
reconsider the WA agreement regarding the removal of this telecommunications
equipment from the WA control list. Telecommunications items of continuing military
significance, such as signal processing equipment and optical switches, will remain on
the WA control list.

I trust this information will help to clarify the Defense Department's role in
reviewing telecommunications export controls and safeguarding our national security
interests. Please contact me at 703-604-5215, should you require any further information.

Sincerely,

Dave Tarbell
Director

0
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