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1 EXECUTIVE SUMMARY: CONCLUSIONS
AND RECOMMENDATIONS

The FY 1994 National Defense Authorization Act (P.L. 103-160) calls
on the Secretary of Energy to “establish a stewardship program to ensure
the preservation of the core intellectual and technical competencies of the
United Siates in nuclear weapons.” In response, DOE has preseated a Na-
tional Security Stirategic Plan for stewardship of U.S. nuclear weapons in the

absence of nuclear weapons testing.

The basic principle of this plan is to compensate for the termination
of the underground testing program by improved diagnostics and compu-
tational resources that will strengthen the science-based understanding of
the behavior of nuclear weapons, ihereby making it possible for the United
States to maintain confidence in the performance and safety of our nuclear
weapons during a test ban, in a manner consistent with our objectives of

non-proliferation and stockpile reduction.

DOE'’s plan (called SBSS—Science Based Stockpile Stewardship) rec-
ognizes the need for improved understanding and better modeling of the
reduced numbers of warheads and fewer warhcad types that are expected
to remain in the stockpile for at least several decades. In the absence of
nuclear weapors testing, improved understanding of the warheads and their

behavior over time will be derived from computer simulations and analyses

benchmarked against past data and new, more comprehensive diagnostic in-




formation obtained from carefully designed laboratory experiments. Toward
this goal the SBSS calls for the construction of a number of new experimen-
tal facilities which have applications both in basic scientific research and in
research directed towards strengthening the underlying scientific understand-
ing in the weapons program. These include, initially, DARHT (Dual-Axis
Radiographic Hydro Test), for advanced diagnostics of the primary implosion
up to pre-boost criticality; NIF (National Ignition Facility), for advancing in-
ertial confinement fusion (ICF) to achieve ignition, and for the study of high
energy density physics and the behavior of secondaries; a new pulsed power
facility, ATLAS, to provide large cavities for hydro studies under conditions
of the late stages of primary and early stages of secondary implosion, and of
possible flaws and degradations of weapons ou a macroscopic scale size; and
the continuation of support for LANSCE (Los Alamos Neutron Scattering
Center) for neutron radiography of weapons and for material science. There
will inevitably and necessarily be major advances in computational ability to
go with these instruments to perform experiments of general scientific inter-
est. The purpose of all this is threefold: to enhance our ability to understand
weapons physics, to perform experiments of general scientific interest, and to
attract numbers of high-quality scientists and engineers to the general areas

of science relevant to the weapons program.

We have analyzed DOE’s SBSS program and have arrived at a set of

conclusions and recommendations regarding it. These are as follows:




1.1 General Conclusions

1. A strong SBSS program, such as we recommend in this report, is an
essential component for the U.S. to maintain confidence in the perfor-
mance of a safe and reliable nuclear deterrent under a comprehensive

test ban.

The technical skill base it will help maintain and renew in the defense
program and weapons labs will also be important for assessing emerg-
ing threats from proliferant nations and developing possible technical

responses thereto.

2. Such an SBSS program can be consistent with the broad non-proliferation
goals of the United States. This requires managing it with restraint and
openness, including international scientific collaboration and coopera-
tion where appropriate, so that the program will not be perceived as
an attempt by the U.S. to advance our own nuclear weapons with new

designs for new missions.

1.2 Specific Conclusions and Recommendations

Hydrotests and DARHT

Hy«irotests are the closest non-nuclear simuiation of the operation of the

primary up to pre-boost criticality. They can address issues of safety and




aging, and provide benchmarks for code calibration and a better science-

based understanding of the operation of the primary.

Dynamic radiography with core punching is important for the study
of properties of the pit at the late stages of the implosion. The Dual-Axis
Radiographic Hydro Test (DARHT) facility currently under construction at
LANL, and the active y-ray camera recently developed as a replacement for
film, together will provide greatly enhanced capabilities of importance in the

absence of underground tests.

Assuming successful completion and operation of DARHT up to design
specs, we recommend building a second arm at a relative angle of approxi-
mately 90° that would provide important information about the time devel-
opment as well as the 3-dimensional structure of the implosion. The total
estimated construction cost for the additional arm, including contingency, is

roughly $37 M.

Further simulations and analysis, and experience with DARHT, are
needed before one can judge the cost/benefit of further improvements in
hydrotest capabilities, such as envisioned ior a future Advanced Hydro Test
Facility (AHTF) at a construction cost of $400 M that would provide up to

six temporal images and six spatial views per shot.

The scientific work in hydrotests is largely classified and will properly
remain sc, as it involves detailed information of primary design and codes
that could be of considerable value to would-be proliferants. The very limited

added value of hydronuclear tests that provide for a brief glimpse into the very



early stages of criticality have to be weighed against costs, and against the
impact of continuing an underground testing program at the Nevada Test
Site on 1J.S. non-proliferation goals. On balance we oppose hydronuclear

testing?.
The NIF

The NIF is without question the most scientifically valuable of the pro-
grams proposed for the SBSS, particularly in regard to ICF research and
a “proof-of-principle” for ignition, but also more generally for fundamental
science. As such, it will promote the goal of sustaining a high-quality group
of scientists with expertise related to the nuclear weapons program. Experi-
ments relevant to the weapons program, pa.rticula.rly- as regards the physics
of the secondary, can also be done at the NIF at hohlraum temperatures high
enough (600 eV) to enable opacity and equation of state measurements to be
performed under conditions close to those in the secondary. Both the scien-
tific and the weapons experiments on the NIF will require the development

of improved computational capabilities. This will improve the understanding

1The arguments leading to this conclusion are developed more fully in a separate part
of this JASON study under the leadership of Dr. Doug Eardley. They ars: based on
the assumption that the U.S. will continue to advance our broad, if still quantitatively
incomplete, understanding of implosions of the primary stage of a weapon up to pre-boost
criticality. These advances in understanding will come from improvements in ¢the weapons
codes and diagnostics of above-ground hydrotests that we are recommending in this report
for the SBSS program. Together with the other components of SBSS identified here, they
should provide for adequate safety and reliability of the stockpile for the foreseeable future.
Although we see no need for hydronuclear testing in the near term, the consequences
of going as long as 10 years without undergrornd test, are difficult tc fully anticipate.
Depending on wha! we learn from the proposed SBSS program, together with future
strategic and political developmenis in the pcst-Cold War world, the U.S. may find it
necessary to review its obligation under a CTBT under a “supreme interest” clause. Should
that circumstance arise, it will most likely call for consideration of much higher vield
nuclear testing than at the 2-4 1b. level of TNT equivalent yield now being considered for
“zero-yield” nuclear tests.




that we need for stewardship.

The NIF technology is very different from that of a nuclear weapon
and does not add a significant risk of proliferatior or undermining the NPT.
To the contrary, the open collaborations with outside groups of scientists
on the scientific programs at the NIF, which we aaticipate will be a major
use for the facility, should help dispel concern that the NIF is being used to
support advanced weapons development efforts. The limited shot rates, small
tritium inventory, and low level of radioactivity produced are comparable to
those in TFTR presently operating routinely on the Forrestal Campus of
Princeton University and present a negligible environmentai hazard. We

wholeheartedly endorse a timely, positive KD1 for NIF at this time.

LANSCE

The LANSCE facility at Los Alamos is in operation. It provides a valu-
able vehicle for a large number of scientific experiments in material science
research, including inelastic neutron scattering, experiments requiring a large
dynamic range of time and wavelength scales, and can be used together with
intrinsic short time experiments, such as strong pulsed magnetic fields. For
weapons stewardship, LANSCE, through neutron radiography, which can
“see” the low-Z elements better than x-rays, can address materials issues un-
derlying high explosive burn and aging, shocks, equations of state, and can

also measure cross-sections, among other things.

We recommend continuing near-term support for LANSCE during which

an evaluation can be performed of whether neutron radiography, at LANSCE,




or on future smaller facilities, is important for stewardship. LANSCE should
also seek to build a strong, high-quality science effort with broad collabora-
tion involviag LANL and outside material scientists. Experience with this
accelerator complex will also support investigations into other applications
of potential interest, like accelerator production of tritium. Longer term
support would be based on the progress made toward successfully achieving

these near-term goals.

STOCKPILE SURVEILLANCE

A statistically significant fraction of the weapons now being disassem-
bled under the START treaty should be carefully analyzed under an enhanced
stockpile surveillance program for cracks, component failure, or other signs
of deterioration. One option to be examined is whether the LANSCE facility
could play a valuable role in such examinations. Another is the SNL progran

of micro-sensors embedded in situ for weapons diagnostics.

PULSED POWER

Electrical pulsed power devices reach only to lower temperatures (100-
200 eV) than NOVA (250 eV) and as designed for NIF (up to 600 eV),
but they have the advantage of providing larger plasma volumes. Up to
now, these facilities have primarily been used in the weapons program in
the study of nuclear weapons effects. There are, however, many possible
scientific uses of those instruments as well, and we recommend that these be
evaluated with the collaboration of the relevant scientific community, leading

to a stronger, more diverse, and open research program of collaboration in




scicnce experimnents carried out jointly with the outside-including foreign-

science community.

As to instruments, there is an important mission for the proposed new
ATLAS facility which will be unique for doing large scale hydro experiments
at high enough temperatures to ionize the material. This is important for
understanding and diagnosing iate stages of primary and early stages of sec-
andary implosion. It presents a large benefit /cosi ratio at a cost of about $43
M and a iwo year construction period with a 1998 completion. ATLAS will
provide a large hohlraum volume of about a cm® for modelling and study-
ing the effects on implosion of aging and corrosion that may occur in the
stockpile, including Ligh aspect ratio cracks. A positive, timely KD1 seems
appropriate; our only hesitancy results from our own limited knowledge of the
possibility of modifying existing short pulse (< 300 nsec) facilities to repli-
cate, in part, ATLAS parameters. Any decision: on a new JUPITER facility,
which is still in the concept development phase and whose importance in the
SBSS, relative to ATLAS, NIF, and other facilities, and overall to science,

remains to be established, should be deferred for future consideration.

SNM AND PROCESSING

The key SNM manufacturing expertise that the U.S. needs to maintain
in its stewards®.p program is the ability to cast, machine. and finish metallic
uranium and plutonium, particularly HEU and WGPu. The techaology of
cladding and coating these materials in nuclear weapons must also be pre-

served. The U.S. must also be prepared ‘o replenish our tritium supply if

called for.



ADVANCED COMPUTING

In the absence of nuclear tests, and with the advent of above-ground
experimental programs such as NIF, the need for theoretical understanding
and numerical simulation of weapons-related physics will increase rather than
diminish. Advanced computing should be seen as part of the theory program
} and should be designed appropriately. In particular, computer resources
should be acquired and distributed in such a way as to attract the best
theoretical minds tc the program, and not merely with a view towards the

most rapid execution of nuclear-weapons codes.

Trends in the compnter market suggest that much of the computing for
SBSS will be done on fast networks of high-end workstations rather than
supercomputers. Fortunately, workstation performance is increasing expo-
nentially. A conscious effort should be made by the labs to adapt weapons-
related codes, which were written for vector supercomputers, to workstation
networks. Efforts should also be made to maximize the communications
bandwidth of such networks and to devise algorithms that run efficiently on

them.

The Labs should determine whether more powerful, advanced supercom-
puters, or the less-expensive workstations of the near future, offer a more
flexible, efficient, and affordable path to achieving the improved scientific
understanding on which the Science Based Stockpile Stewardship program
relies. If it turns out that advanced supercomputers are required, the Labs
should plan to encourage the supercomputer market and should coordinate

with other users having similar needs.

—



Concerning the software we recommend:

. The SBSS program should pricritize which of its existing codes would
benefit the most from being upgraded, and should develop a long-range
plan for how to evolve its extensive existing software base toward the
computer environment of the future. This should include plans for how
to more fully document the contents and the functioning of the most
important existing computer codes, so that future generations will be

able to use them intelligently.

. New and actively used computer codes should be written in a scalable
manner, so that they can evolve gracefully to new computer architec-

tures.

. With the trend towards use of three dimensional computations in the
future, advanced tools for visualization will become even more essential
to understanding of the results of nuclear weapons-related computa-
tions. The SBSS program will need to become a leader in this rapdily

developing area.

. A national archive of information from all the past nuclear tests should
be created to preserve the historical record of accumulated wisdom
as the practitioners of nuclear weapons design and engineering begin
to retire. Before embarking on a large and expensive softwar= effort,
DOE should call on external experts on archiving for advic~ and setting

priorities.

10




2 ASSUMPTIONS UNDERLYING STEW-
ARDSHIP

The FY1994 National Defense Authorization Act (P.L. 103-160) calls
on the Secretary of Energy to “establish a stewardship program to ensure
the preservation of the core intellectual and technical competencies of the
United States in nuclear weapons.” In addition, when announcing the U.S.
moratorium on nuclear testing on July J, 1993, President Clinton said “to
assure that our nuclear deterrent remains unquestioned under a test ban, we
will explore other means of maintaining our confidence iu the safety, the reli-
ability and the performance of our own weapons. We will also refocus much
of the talent and resources of our nation's nuclear labs on new technologies

to curb the spread of nuclear weapons and verify arms control treaties.”

In response, the DOE has presented a National Security Strategic Plan
for stewardship of U.S. nuclear weapons in the absence of nuclear weapons
testing. The priority cbjective of this plan is to “assure confidence that
the stockpile is safe, secure, reliable, and flexible without underground test-
ing. Our analysis of the DOE’s Science-Based Stockpile Stewardship (SBSS)
program is based ou this stated objective together with the following four

assumptions:

(1) For the near future, perhaps cver a decade, the U.S. stockpile will de-
crease in numbers and variety of warheads, with the remaining weapons

of basically the same design as in today’s stockpile. Current unilateral

11




U.S. policy (President Bush, 1992) prevents the developmernt or de-
ployment of new nuclear designs and it is likely that renewal of the
Non-Proliferation Treaty (MPT) in 1995 will result in an implicit bar-

gain by the nuclear powers to continue such restraint.

(2) Potential changes in nuclear policy over the longer term may include
continued reductions in U.S. reliance on nuclear weapons and changes
in delivery systems. Furthermore, new concerns may arise as to the
long term aging of nuclear weapons and the need to certify their per-
formance without nuclear test data. A possible response to this cir-
cumstance might be to reintroduce into the stockpile already tested
warheads that are robust in design and known to be reliable, but which
are assembled with modern engineering and manufacturing practices.
These would be less sophisticated designs, no longer restrained by Cold

War requirements for maximum yield-to-weight ratio.

(3) In the event of further proliferation of nuclear weapons by other na-
tions it is vital for us to retain in our nuclear program people with the
skills necessary to predict and evaluate the likely characteristics and de-
signs being used by the proliferator, and to develop possible technical

responses to threats that may be posed.

(4) The US nuclear infrastructure under the SBSS will retain a capability
to design and build new weapons, which could be deployed should the
need arise and lead to the resumption of testing; and to continue to
disassemble stockpile warheads safely and to manage the secure stor-
age and disposition of special nuclear iraterials (SNM) in accord with

progress in arms reduction agreements. We note here that the ongoing

12



warhead disassembly process presents very valuabie opportunities to
learn of possible aging effects such as warhead corrosion or structural

defects. A strong stockpile surveillance program should also be a key

part of the SBSS.

Adequate stewardship, under these assumptions, requires the U.S. to
retain, or develop, as necessary, the means and expertise to understand and

deal with all aspects of nuclear weapons.




3 CRITERIA FOR EVALUATING THE COM-
PONENTS OF THE SBSS PROGRAM

The proposed components of the SBSS program should be evaluated

and prioritized against the following three criteria.

(a) Their contribution to important scientific and technical understanding,

including in particular as related to national goals.

(b) Their contribution to maintaining and renewing the technical skill base
and overall level of scientific competence in the U.S. defense program
and the weapons labs, and to the nation’s broader scientific and engi-

neering strength.

(c) Their contribution to maintaining U.S. confidence in the safety and
reliability of our nuclear stockpile without nuclear testing through im-

proved understanding of weapons physics and diagnostics.

The order in which these three criteria are listed does not reilect a
judgment as to their relative importance. All three are important Individual
elements of an SBSS program will contribute with different weights, but the
overall program should be developed to fulfill all three criteria. Of course,
all the elements of the SBSS program should be consistent with our non-
proliferation objectives, a~d should not constitute environmental hazards.

We believe this to be the case for all our recommendations.

15




4 NON-PROLIFERATION AND THE SBSS

An additional important criterion by which to evaluate the SBSS is
connected to the the Non Proliferation regime to which the United States
is committed. This implies that the roie of nuclear veapons in U.S. policy
must be limited and, over time, reduced. Compiiance with this objective
will support U.S. efforts to secure an indefinite extension of the NPT at the
1995 Review Conference. Therefore the SBSS program implementation must
avoid the appearance that, while the U.S. is giving up nuclear testing, it is
as compensation introducing so many improvements in instruments and cal-
culational ability that the net effect will be an enhancement of our advanced

weapons design capabilities.

This calls for care in designing an appropriate SBSS program that meets
twe very different, and at times countervailing, objectives. The first, as man-
dated by the FY94 Defense Appropriations Act and endorsed by President
Clinton, is to maintain a stroug U.S. nuclear deterrent in the absence of un-
derground nuclear weapons tests. This calls for maintaining high competence
in weapons physics and engineering; enhancing the weapons science and engi-
neering programs that underpin our ability for advanced diagnostics, related
compttations, and ultimately scientific understanding of all aspects <f their
behavior, aging, security, and safety; and inaintaining high competence in the
weapons-related disciplines at the weapons laboratories. The second objec-
tive, counterposed to the first, is the impcrtance of implementing the SBSS

program to support broad non-proliferation objectives, including securing

17




indefinite extension of the nuclear non-proliferation treaty at the 1995 Con-
ference. The United States, as the world’s preeminent conventional military
power, has the strongest security motivation to prevent nuclear proliferation,

with its “equalizing™ aspects.

The non-proliferation regime as codified by the NPT in essence consti-

tutes a three-way bargain which can be paraphrased as follows:

o Nuclear Weapons States (NWS) agree not to transiei nuclear weapons
design information, nuclear weapous components and weapons-grade
fissionable material to the Non-Nuclear Weapons States (NNWS) and

those states agree not to receive them;

e The NWS shall cooperate with the NNWS in transferring science and
technology relating to peaceful uses of nuclear energy; in exchange the
non-nuclear weapons states will execute their nuclear power activities
under full scope safeguards administered by the Irternational Atomic

Energy Agency;

¢ The NWS will reduce their nuclear weapons stockpiles and will re-
duce, over time, the reliance of their national security policy on nu-
clear weapons, thereby decreasing the discriminatory nature of the

non-proliferation regime.

No technical measure in itself can stem proliferation of nuclear weapons.
General design principles of unsophisticated nuclear weapons are well known,
as are the principal physical data underlying nuclcar weapon materials. Effec-

tive barriers to the acquisition of HEU and plutonium can prevent acquisition

18




of nuclear weapons until such time as a potential proliferator can develop in-
digenous processes to produce these materials. Ultimately non-proliferation
can only be successful if the NNWS are persuaded that their national security

is better served without nuclear weapons than by pessessing them.

These non-proliferation principles provide the framework which must
govern the stewardship program. The weapons physics and diagnostics pro-
gram should consist of a core activity which maintains confidence in the
present stockpile for the foreseeuble future to standards not substantially
different from those maintained when underground nuclear tests were per-
mitted. In addition, weapons physics, diagnostics and computation can allow
for possible changes for the future—including possible adaptation of old more
rebust designs. While the potential for future developments cannot be ex-
cluded, the SBSS activities should not be interpretable as laying the basis
for the development of newer generations of nuclear weapons of advanced

performance for new tmissions.

One worrisome aspect of the SBSS program :s that it may be perceived
by other nations as part of an attempt by the U.S. to continue the develop-
ment of ever more sophisticated nuclear weapons. This perception is particu-
larly likely to be held by countries that are not very advanced technologically
since they are less able to appreciate the limits on advanced weapons design
that a lack of testing enforces. Hence it is important that the SBSS program
be managed with restraint and openness, including international collabora-
tion and cooperation where appropriate, so as not to end up as an obstacle

to the Non-Proliferation Treaty.

19




On the other hand there are two important reasons that support a com-
prehensive SBSS. The first is that stewardship is an essential responsibility of
the declared nuclear weapons states, in that they must guarantee the safety
of the weapons and provide security against possible theft or other misuse of
them. Second, presumably all underground nuclear tests will be stopped by
an eventual CTBT. A CTBT has been designated as a goal in the negotiating
history of the NPT and is believed to be necessary to gain support from the
NNWS for the U.S. position seeking indefinite extension of the NPT. The
conclusion we draw from this is that the declared nuclear weapons states can
accept a ban on underground nuclear tests only if they maintain a technical
base of both experiments and thecretical analysis in order to discover flaws
in the weapons as they age, to analyze the consequences of these flaws, and
to correct them. Secondly, we are led to the conclusion that, with a CTBT
in place, new facilities must be built to strengthen the science base of our
understanding of nuclear weapons in order to at least partially replace the

knowledge once obtained from tests.

While important, this argument may not be enough to entirely dispel
suspicions on the part of the non-nuclear weapons states. What would go
a long way to relieve these suspicious would be to declassify as much of the
stewardship program as possible. Following recent declassification actions,
a large part of the ICF program and the precursor (NOVA) to instruments
such as the NIF are already unclassified. The LANSCE facility is also al-
ready completely unclassified. Parts of the pulsed power program at Sandia
remain classified but many parameters including hohlraum temperatures are

unclassified.

20



There should be a detailed study, taking into account. what is already
available outside the weapons program, to further reduce the need for clas-
sification, both of experimental results and theoretical calculations. Any
restraint on making weapons codes available should be justified on clear
grounds of preventing proliferation. We should continue to build on existing
precedents for experimental and theoretical cooperation and collaboration,
at all three national weapons laboratories, including with Russian scientists
at their facilities. Only critical parts of the weapons codes that would be
used to analyze some of the experimental data or which wou