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NOTICE: The project that is the subject of this

report was approved by the Governing Board of the
National Research Council, whose members are drawn from
the councils of the National Academy of Sciences, the
National Academy of Engineering, and the Institute of
Medicine. The members of the committee responsible for
the report were chosen for their special competences and
with regard for appropriate balance.

This report has been reviewed by a group other than
the authors according to the procedures approved by a
Report Review Committee consisting of members of the
National Academy of Sciences, the National Academy of
Engineering, and the Institute of Medicine.

The National Research Council was established by the
National Academy of Sciences in 1916 to associate the
broad community of science and technology with the
Academy's purposes of furthering knowledge and of ad-
vising the federal government. The Council operates in
accordance with general policies determined by the
Academy under the authority of its congressional charter
of 1863, which establishes the Academy as a private,
nonprofit, self-governing membership corporation. The
Council has become the principal operating agency of
both the National Academy of Sciences and the National
Academy of Engineering in the conduct of their services
to the government, the public, and the scientific and
engineering communities. It is administered jointly by
both Academies and the Institute of Medicine. The
National Academy of Engineering and the Institute of
Medicine were established in 1964 and 1970, respec-
tively, under the charter of the National Academy of
Sciences.

This study was supported by contract DAAG29-82-C-0012
between the National Academy of Sciences and the Depart-
ment of the Army.

This document is an unclassified version of the
Executive Summary of the Committee on Energetic
Materials final report, which is classified at the
secret level. All inquiries about the classified report
should be directed to the U.S. Department of the Army.
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PREFACE

This report responds to a request from the Department
of the Army to the National Research Council for an
assessment of energetic materials and related tech-
nologies. The Assistant Secretary of the Army
(Research, Development and Acquisition) requested an
assessment of the posture of the U.S. Army energetic
mate- rials research and development (R&D) program
relative to the state of the art. In this context, the
term "energetic materials"™ means explosives, propel-
lants, and pyrotechnics, as well as incendiary sub-
stances and fuel/air explosives and, as appropriate, the
modes of applying such material in weapon systems.

In addition, the Army requested an evaluation of
whether the level of program activities is appropriate
in view of an alarming evaluation of munitions program
activities in the Soviet Union. Accordingly, the Army
stressed the importance of a study of both U.S. and
Soviet energetic materials science and technology and a
consideration of the implications for military ap-
plication in conventional nonnuclear munitions, in-
cluding related factors such as ballistics technology,
vulnerability, safety, and availability.

In response to the Army's request, the Board on Army
Science and Technology established a Planning Panel
chaired by Dr. William G. McMillan. Other Panel
members were Dr. Arden Bement, Dr. Walter LaBerge, Mr.
Charles H. McKinley, and Dr. M. Frederick Hawthorne.
This Panel met on September 16, 1984, to receive
briefings from the Army about its interest in the
energetic materials situation.

Before proceeding with the National Research Council
study, the Planning Panel felt that it would be helpful
if the Army conducted two studies that would provide

vii
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important information for the Board's effort. The first
would be a survey of relevant technical/military prob-
lems. In this study, the Army would clearly identify
the outstanding technical/military problems that new
high-energy materials having differing properties not
now available might ameliorate or solve. Specifically,
the survey should include such topics as manufacturing,
packaging, logistics, field handling, delivery to tar-
get, and target effects. The Army conducted a survey
along these lines and gave the resulting report, en-
titled Survey of U.S. Energetic Materials Technology
(1984), to the Committee.

The second study would be a technical/military
operations analysis. 1In this study, the Army would
determine areas in which the greatest gains and
improvements were likely to be found; identify
high-leverage items; and provide direction on what
program activities could make significant improvements.
The study would address delivery means, guidance, war-
heads, fuses, and weapons effects. The analysis would
highlight the relative potential gains in target-
effectiveness of various options and would simulta-
neously consider the technical/ military aspects beyond
the mere weapons effects, for example, developing low-
cost production methods for precision-guided munitions.
The Army did not conduct this study.

On the basis of discussions with the Planning Panel
and the Board on Army Science and Technology, the
National Research Council constituted a Committee under
the Board's auspices to undertake the study proposed by
the Planning Panel. The Committee comprised 10 members
who have worked in the field of energetic materials and
their use in practical devices. The backgrounds of the
members include basic science, applied science, en-
gineering development, and practical application in
weapon systems. Several are trained in chemistry or
chemical engineering, several in physics or applied
physics, and several in engineering (see Appendix A for
professional biographies). Although the qualifications
of the Committee as a whole were well matched to the
tasks set before it, the amount of its members' volun-
teer time was necessarily limited. As a result, it was
not feasible to delve deeply into many of the particular

viii
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weapon systems or into particular scientific research
activities. Nor did the Committee believe that it was
desirable to do so. The tasks before the Committee did
not call for the detailed definition of particular R&D
activities to be pursued. Instead, they called for a
broader assessment of R&D programs and an identification
of promising R&D areas and of opportunities for improve-
ments. Thus, although the Committee reviewed a great
deal of technical and programmatic information, and
investigated some subjects in-depth, it distilled that
information into the general findings and conclusions
that serve as the basis for its recommendations.

In making its assessment, the Committee relied on
information from four sources: (1) Committee
discussion sharing the expertise of its members; (2)
literature reviews (see References and bibliography
section); (3) presentations by spokesmen for various
Department of Defense laboratories and agencies, by
intelligence agencies, and by other qualified
organizations--government and nongovernment; and (4)
site visits by the Committee or, in some cases, by
subcommittees to important government installations,
where officials showed and explained their work.

After each presentation, the Committee asked the
spokesmen for copies of relevant materials. The entire
collection is far too bulky for reprinting in this re-
port, but these materials are available for inspection
upon request to the Executive Director of the Board on
Army Science and Technology.

The Committee first met on November 27-28, 1984, in
Washington, D.C., to receive briefings from the Army on
the threat and status of R&D activities at the relevant
Army laboratories in the areas of energetic materials
and production capabilities. The Committee's second
meeting was held on January 23-25, 1985, at Stanford
Research Institute International, Menlo Park, Cali-
fornia, and at Lawrence Livermore National Laboratory,
Livermore, California, in order to receive briefings
from invited Army contractors on their energetic
materials research and to hear from Department of Energy
researchers who are involved in energetic materials
research as a result of their work on nuclear weapons.

ix
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The Committee met again on March 4-5, 1985, in
Washington, D.C., to receive briefings from the Army on
armor/anti-armor technology as well as to meet with
representatives from the other armed services and the
Office of the Secretary of Defense in order to obtain an
understanding of research and development activities in
the government outside the Army. The Committee was
unable to arrange a briefing on the military threat from
the Central Intelligence Agency at this time. After
these two days of briefings, the Committee decided to
make an unannounced visit on March 6, 1985, to Picatinny
Arsenal, U.S. Army Material Command, Dover, New Jersey,
for a tour of the facility and discussions with the
management and technical staffs on the energetic
materials R&D work under way and projected for the
Arsenal.

On March 21, 1985, a subcommittee revisited Picatinny
Arsenal in order to obtain information on modifications
of explosive-formed projectiles and warheads, and on
March 22, 1985, visited Ballistic Research Laboratory
for information on warhead/target assessment method-
ologies, particularly the influence of threat defini-
tion. On the same day, another subcommittee visited the
Missile Command, Huntsville, Alabama, for a tour of
facilities and briefings on current and projected activ-
ities, especially in the area of propellants. On April
16, 1985, another subcommittee visited the Radford Army
Ammunition Plant for a tour and a briefing on production
R&D activities in the Army system as well as for a re-
view of the Army's current production capabilities.

The Committee met again in Washington, D.C., on April
17-19, 1985, for an update from the Foreign Science and
Technology Center and for question-and-answer sessions
with Dr. Robert Eichelberger, Director, Ballistics
Research Laboratory, and Dr. Victor Lindner, Associate
Director for Systems Development and Engineering, U.S.
Army Armament Research and Development Center, Dover,
New Jersey. On May 29-31, 1985, the Committee met at
Rocketdyne, Canoga Park, California, to discuss its
findings, conclusions, and recommendations and to start
writing the final report.
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In conducting its study, the Committee received ad-
vice and assistance from many individuals representing
various Army units, government agencies, and private
organizations. The Committee regrets that it can not
thank them all personally, but it does extend its thanks
to all those who generously gave us their time and as-
sistance in this important task.

During the Committee's year-long study, its meetings
with Army representatives were mutually informative. Aas
a result, while the Committee prepared its report on the
basis of information made available during its study,
the Army undertook a number of reforms in response to
the Committee's concerns. Thus, by responding con-
structively to the Committee's study, the Army has in
some ways outpaced the Committee's report. Thus, the
Committee welcomes those reforms that the Army has
undertaken, and encourages it to initiate those that
remain.

The Committee also wishes to thank Dennis F. Miller,
Executive Director of the Board on Army Science and
Technology, for his guidance in organizing and co-
ordinating the study and for his assistance and per-
spective in the preparation of this report. Thanks
also to Dr. Michael L. Hays, President of Editorial
Consultants, Inc., for his editorial services. Finally,
the Committee thanks Helen Johnson, Julia Torrence,
Carlita Perry, and Cheryl Winter for their adminis-
trative support throughout this study. Without their
efforts and long hours, this report could not have been
completed.

M. FREDERICK HAWTHORNE, Chairman
Committee on Energetic Materials
Science and Technology
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EXECUTIVE SUMMARY

INTRODUCTION

This report responds to a request from the Assistant
Secretary of the Army (Research, Development and
Acquisition) to the National Research Council for
assessments of energetic materials and related tech-
nologies and of the appropriate level of program
activities in this area. 1In this context, the term
“energetic materials" means explosives, propellants,
and pyrotechnics, as well as incendiary substances and
fuel/air explosives and, as appropriate, the modes of
applying such materials in weapon systems.

Two specific incentives prompted the request for this
study. The first was a report entitled Soviet Fast
Reaction Chemistry Research (1982), by the Central
Intelligence Agency's Foreign Technology Assessment
Center, and briefings related to it. Both the report
and the briefings were directed by Dr. Peter Rentzepis
of Bell Laboratories. The second was the appearance of
new, special armors--especially reactive armor--on
Soviet tanks, which make them less wvulnerable to
anti-tank munitions.

In response to these concerns, the National Research
Council, adopting a recommendation of a Planning Panel,
formed a Committee under the auspices of the Board on
Army Science and Technology. The Committee's assessment
of energetic materials research and development (R&D) in
itself and in relation to the U.S. program addressed two
separate but related Soviet challenges. The first chal-
lenge is posed by the Soviet energetic materials R&D
program, which threatens to provide the Soviet arsenal
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with an array of advanced munitions. The second chal-
lenge is the special threat of Soviet armor. The
Committee believes that this threat can be directly
addressed by improved energetic materials and improved
ways of using existing energetic materials, as well as
improved munitions resulting from a vigorous energetic
materials R&D program.

In addition, the United States has imposed a chal-
lenge on itself: the development and production of
safer and less sensitive explosives and propellants in
order to enable less vulnerable storage, particularly
on ships and at airfields.

In making its assessment, the Committee relied on
information from four sources: (1) Committee discussion
sharing the expertise of its members; (2) literature
reviews; (3) presentations by spokesmen for various
Department of Defense (DOD) laboratories and agencies,
by intelligence agencies, and by other qualified
organizations--government and nongovernment; and (4)
site visits by the Committee or, in some cases, by
subcommittees to important government installations.

However, for several reasons, the information
available to the Committee was not always complete or
entirely reliable. It is probably impossible to develop
a comprehensive, well-documented critique of the ener-
getic materials programs and capabilities of closed
societies like the Soviet Union and the People's
Republic of China (PRC). In addition, there is no
central clearinghouse in energetic materials R&D in the
United States, Department of Defense (DOD), or, during
this study, the Department of the Army.

® Conclusion: DOD needs a central clearinghouse of
technical and management information on all DOD and
DOD-related programs in energetic materials.

® Recommendation: Such a clearinghouse should be
established under the auspices of the Undersecretary of
Defense for Research and Engineering or one of the
services designated as the executive agent.

ASSESSMENT OF SOVIET ENERGETIC MATERIALS R&D PROGRAM
The Rentzepis report (Central Intelligence Agency,
1982) , which is based on a survey of the open

literature, is unable to provide a complete or reliable
account and assessment of the Soviet energetic materials
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research and development program. The Rentzepis
briefing, based on very limited additional intelligence,
gave the alarming impression that the Soviet energetic
materials R&D program, is in some important ways, not
only bigger, but also better--indeed, better in part
simply because it is bigger--than the U.S. program.

® Conclusion: The Soviet commitment of larger
numbers of people does not necessarily confer com-
mensurate benefits as measured in terms of scientific
productivity.

® Recommendation: The United States should develop
better sources of information on foreign energetic
materials R&D.

In the areas of commodity and phenomenology research,
the Soviets have made a sizable investment in tetra-
methylene tetranitramine (HMX) and trimethylene
trinitramine (RDX), the performance of which they
apparently believe will not be surpassed in practice in
the foreseeable future.

® Conclusion: This investment in commodities more
powerful and more sensitive than energetic materials in
widespread use in the United States indicates that
Soviet and other Warsaw Pact forces choose to sacrifice
neither performance nor numerical superiority in order
to obtain increased safety or decreased wvulnerability.

However, the Soviet R&D efforts are hampered by
deficiencies in advanced instrumentation and computers,
although these deficiencies are rapidly being remedied.

® Recommendation: The United States should main-
tain, monitor, and enforce stringent expert control
of such technologies, but not the underlying basic
sciences, which continue to be the focus of inter-
national meetings, journal publications, and other means
of scientific exchanges.

THREAT OF SOVIET ARMOR
The infantry needs a more effective anti-tank weapon.
® Conclusion: Partial kills such as turret or tread

kills may serve in many cases as a first step in neu-
tralizing the mobility and thus impairing the lethality
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of tanks. Further, the U.S. ability to respond quickly
to future armor threats will require the United States
to find short-term solutions by using new weapon systems
based on known materials such as HMX in improved for-
mulations and on better production and loading tech-
nologies.

While mines will continue to be useful deterrents
against tanks, the challenge in developing improved
mines is posed, not by insufficiently energetic mat-
erials, but by technologies to defeat tank counter-
measures intended to predetonate or disarm mines.

ASSESSMENT OF THE U.S. R&D PROGRAM

Perhaps two of the most distinctive characteristics
of the U.S. program are its fragmentation and lack of
coordination. Because of programmatic and funding
arrangements whereby energetic materials R&D activities
are part of and supported by larger munition- and
propellant-oriented programs, the Army R&D program is
also fragmented and uncoordinated. 1In addition, Army
facilities are unable to support some important ener-
getic materials R&D activities because the staffs and
the facilities are aging and not being reinvigorated
with promising young researchers or with more modern
equipment.

® Conclusion: The Army technology base has been
seriously eroded during the last decade or so, and the
Army has become, but must not remain, increasingly
dependent on the Department of Energy National
Laboratories and the Navy for much of its technology
base.

® Recommendation: The Army should take steps to
upgrade viable existing research facilities, consolidate
programs, coordinate activities, and integrate staff,
not only to prevent further erosion of the technology
base, but also to enhance that base in order to meet the
needs for technological developments required by the
threat. If the Army is no longer able to discharge its
responsibilities for certain energetic materials R&D
activities, those responsibilities should be located
where they can be fully and effectively discharged.

Copyright © National Academy of Sciences. All rights reserved.
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The Army does little or no basic research as basic
research is conceived of by research scientists.
Research at the 6.1 level is targeted research aimed to
achieve specific objectives. Although such research is
undeniably important, it greatly reduces the possi-
bilities of discovering new approaches to more effective
energetic materials, or better or more economical ways
of formulating, producing, and loading them. Targeted
research addresses today's problems; basic research
addresses tomorrow's.

® Recommendation: The Army should ensure that its
energetic materials R&D program provide for basic
scientific research, clearly distinguish it from
targeted research, but fund both under the 6.1 funding
category.

The Committee believes that the United States must
have a capability for R&D on major and high-risk
scientific problems and issues in the energetic
materials area.

® Recommendation: 1In lieu of a comparable DOD
capability, the Army should establish a dedicated
research institute to conduct basic research. Such an
institute should undertake long-term, basic research;
operate free of day-to-day pressures to do short-term,
targeted research; and function like a government-owned/
contractor-operated national laboratory to supplement
its existing research laboratories. Accordingly, it
should be tasked to find more lethal, more potent,
safer, and more economical energetic materials that can
meet the requirements of the military services decades
from now, although it could support on-going targeted
research on a consulting basis.

ENERGETIC MATERIALS R&D PROGRAM

An effective energetic materials R&D program
addresses itself to the synthesis, characterization,
formulation, production, and loading of energetic
materials. The research aspect of this program focuses
both on commodities--that is, compounds and formulations
with desirable characteristics--and on phenomenology--
that is, the underlying reasons for the behavior of
those commodities.

Copyright © National Academy of Sciences. All rights reserved.
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In the past decade or so, excessive attention has
been given to synthesizing theoretically attractive,
but highly improbable energetic materials, like
octanitrocubane (ONC) the eventual synthesis of which
may be doubtful. However, there is very little chance
that chemists anywhere in the world will discover a
completely new and unexpected class of energetic
compounds. Indeed, the likelihood of discovering
energetic compounds that increase potency very
remarkably is extremely remote. It is more reasonable
to expect the effectiveness of new energetic materials
to be enhanced by 10 to 20 percent at most, goals that
can be achieved by making higher-density compounds with
an increased sensitivity.

® Conclusion: The Army's energetic materials R&D
program needs a diversified basic research portfolio in
both commodity and phenomenology research.

® Recommendation: This portfolio should deemphasize
research in unlikely compounds like ONC in favor of the
more realizable gains to be made by better formulations
and better engineering of phenomena associated with
initiation, combustion, and detonation-to-deflagration
processes. Even so, the Army should direct and maintain
a small but creative research effort to study high-risk
but potentially high-payoff compounds.

® Conclusion: The Army needs to adopt a systems
approach to energetic materials R&D, in which all phases
in the effort are integrated to achieve maximum opera-
tional effectiveness in deployed weapons systems. For
example, it is unwise to commit large amounts of re-
sources to synthesizing compounds that will probably be
too sensitive to be produced, loaded, and deployed in
the field.

® Recommendation: The Army should support R&D that
will make possible a variety of energetic materials or
formulations tailored to specific requirements of
particular munitions.

HMX appears to be the energetic material of choice
for many military applications over the next several
decades. However, the United States does not have in
place an optimized HMX process capable of large-scale
production at a reasonable cost at this time. The
Committee understands that some progress has been made
in finding a practical, economical method to produce
HMX.

Copyright © National Academy of Sciences. All rights reserved.
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® Recommendation: This method should be vigorously
pursued because no better energetic material appears to
be in the offing. Moreover, the United States should
not dismantle, but rather should maintain its small
facility for producing decaborane, the precursor for
carboranes and B1OH10-2 salts, and restore it to
operation, for the existing facility is the only source
of decaborane in the free world.
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