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Abstract

An overview of the DOE nuclear weapons research,
development, and testing program is given along with a
description of the program objectives and the roles and
responsibilities of the various involved organizations. The
relationship between the DoD and DOE is described and the
division of responsibilities for weapon development as well as
the coordinated planning and acquisition activities are reviewed.
Execution of the RD&T program at the nuclear weapons laboratories
is outlined.
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FOREWORD

The primary objective of this document is to provide an
overview of the DOE nuclear wéapons research, development, and
test (RD&T) program and insight intbrthe vital role this program
plays in national security. To achieve this objective, it is
necessary to describe the complimentary roles of the DOE and DoD
as well as the unique relationship between the DOE and its
government-owned,‘contractor-operated laboratories because these
relationships are key in defining the work and creating the
environment for successfully exeguting that work. The result is
a fairly complex story for the uninitiated, and author asks the
reader’s patience as the picture gradually unfoids.'

The original draft of this document was developed during the
1988 Congressionally mandated nModernization Study" as background
material at the request of Everet Beckner, Vice President for
Defense Programs. The manuscript benefited from‘Everet's review
and from suggestions made by Arlyn Blackwell and Dick Brodie.
The exercise of reshaping the manuscript to the form presented
herein was facilitated by the numerous beneficial comments and
corrections resulting from a review by Dick Hahn, Director of the
DOE WRD&T Progranm.

Finally, I am particularly grateful to Pablita Padilla for
typing the original manuscript and to Juanita Padilla for
preparation of the final document.



DOE NUCLEAR WEAPON RD&T:
Objectives, Roles, and Responsibilities

Introduction

The unique structure of the DOE nuclear weapons research,
development, and testing (RD&T) program is best approached by
first describing the role of the Department of Energy (DOE)
with respect to the Department of Defense (DoD) in meeting
national needs related to nuclear weapons. For that reason,
the roles of the two departments are outlined in this
introduction. The strategic long-term objectives of the RD&T
program then follow logically. Subsequent sections describe
how these long-term objectives are achieved within the
framework of the basic DoD and DOE structure. The nuclear
weapon acquisition process is outlined and the provisions for
improving weapons in the stockpile and for generating DoD

.long-range guidance for DOE research are explained. The

management approach of the DOE and the weapons laboratories
for executing the RD&T program is described in the final
section.

The nuclear weapons program is a national effort involving
both the DoD and the DOE. The complementary responsibilities
of the two departments are derived from the Atomic Energy Act
of 1954,1 as amended, and include understandings from
agreements--principally the 1953 Agreement Between the Atomic
Energy Commission and the DoD for the Development, Production,
and Standardization of Atomic Weapons?,3/ the Missile and
Rocket Responsibilities Agreement4.5; and the MOU between the
DoD and DOE on the objectives and responsibilities for Joint
Nuclear Weapon Activities.®6



The DoD is responsible for nuclear weapon delivery systems and
the training and deployment of forces for their use; for
custody and specified maintenance of the nuclear weapons
stockpile; for definition of the Military Characteristics
(MCs) which state the performance requirements and physical
characteristics of a nuclear weapon; and for development
priority, suitability and acceptability of nuciear,weapons.
The DoD also conducts nuclear vulnerability and effects
activities to establish threat definitions for nuclear weapons
and to assess nuclear weapon system performance.

The DOE is responsible fof the design, development,btesting,
and production of nuclear weapons; for conducting a vigorous
exploratory and advanced development program; for surveillance
and certification of the technical quality of the nuclear
weapons stockpile; and for provisioning of limited-life

- components - (LLCs) and certain ancillary equipment. The DOE is
also responsible for assessing nuclear-related threats posed
by other nations or by terrorist gtoups. Execution of a
research program sufficiently broad to avoid technological
surprise is fundamental to fulfilling this responsibility.

The DoD and DOE each has responsibility for fostering the
technology base by conducting research and pursuing the

' investigation of new and innovative concepts for weapons-
related application of nuclear energy and related technology.®
Both have complementary responsibilities for developing
certain nonnuclear components of nuclear weapons. The
division of responsibility is, to the extent permitted by law,
by joint agreement between DoD and DOE on each weapon or class
of weapons.




The obligation of the DoD and the DOE to protect public health
and safety provides the basic premise for dual-agency judgment
and responsibility for safety, security, and control of
nuclear weapons.®6

The National Defense Authorization Act for Fiscal Year 1987
(PL99-661)7 established an interdepartmental Nuclear Weapons
Council (NWC) to coordinate nuclear weapon program activities.
(This Act also abolished the DoD Military Liaison Committee
which had previously performed certain coordination '
functions.) The NWC is chaired by the Director of Defense
Research and Engineering (to ensure high-level DoD scrutiny of
capabilities and costs of proposed new weapons, and to ensure
that appropriate trade-offs are considered). The other NWC
members are the Vice Chairman of the Joint Chiefs of Staff
(JCS) (to ensure that the requirements for nuclear weapons

_ established by field commanders are accurately reflected in
specifications for new weapons), and one senior DOE
representative (to ensure that the views of the DOE weapon
ljaboratories and field organizations supporting the production
complex are brought before the Council).® The Assistant to
the Secretary of Defense (Atomic Energy) [ATSD(AE) ] serves as
the NWC Staff director.

The NWC is responsible for coordinating nuclear weapons
acquisition activities; providing guidance on priorities;
considering safety, security and control issues for existing




and proposed nuclear weapons; and providing comments to the
appropriate Department Secretaries on proposed annual budget
ljevels for research on nuclear weapons and on improved
conventional weapons. In short, the NWC provides oversight to
ensure that the DoD and DOE are coordinated and economic of
resources in meeting defense needs.

A Nuclear Weapons Council Standing Committee (NWCSC) has been
established to conduct day-to-day actions between the DoD and
DOE and to prepare actions for NWC consideration.® The
Standing Committee is chaired by thé ATSD(AE) and has members
from the staffs of the JCS, the Military Services, and the
DOE. 10 This arrangement is depicted in Figure 1.

Within DOE, the Assistant Secretary for Defense Programs
(ADSP) is responsible for the nuclear weapon prbgram including
_nuclear weapon production, nuclear material production,
intelligence, security affairs, andlnuclear verification and
control technology as well as the nuclear weapon RD&T effort.
The Deputy Assistant Secretary for Military Application
(DASMA) provides major program guidance and direction and
determines the levels of effort and priorities for both RD&T
and production. Under this guidance, the weapons laboratories
- Los Alamos, Lawrence Liverﬁore, and Sandia - develop RD&T
programs and the Nevada and Albuguerque Operations Offices
manage the testing and production programs respectively.

The DOE structure of laboratories, manufacturing plants, and
government field offices is based upon a unique combination of
Government-Owned-Contractor-Operated (GOoCcO) facilities, a
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level-of-effort funding philosophy, and decentralized federal
oversight. Laboratory and production contractors'are provided
continuity and stability through multi-year contracts and are
given considerable flexibility in directing their operations.

The RD&T portion of the DOE nuclear weapon program is
conducted primarily through the three weapon laboratories.
The strategic long-term objectives of this work are to 1l:

. Insure continued and improved safety, security, and
reliability of the existing stockpile of nuclear weapons;

. Provide design, engineering development, and testing for
new weapon concepts and engineering support for new
weapons entering the stockpile;

. Maintain the scientific and engineering capability to
provide a continuing flow of technical knowledge and
innovations to support the development of new weapons:;
and

Avoid technological surprise by an adversary.
DOE RD&T Roles and Missions
A. DOE Management Organization

The DASMA provides oversight and direction for RD&T of
nuclear weapons. DASMA functions include 12:



Providing programmatic and policy direction to DOE
field offices on nuclear weapons and related
programs.

Providing programmatic and policy direction and
institutional guidance to the three weapons
laboratories for the conduct of nuclear weapons and
nuclear weapons-related programs.

Providing assistance and technical guidance in the
development, evaluation, and implementation of DOE
activities in support'of strategic defense and
inertial confinement fusion research.

Preparing requests for Presidential approval of the
underground nuclear test program, preparing for the
ASDP the underground test planning directive, and
providing programmatic approval of each underground
nuclear test. |

Coordinating DOE participation in the national
nuclear command and control system.

Administering the program for cooperation on nuclear
weapons with the United Kingdom.

Participating in preparation of the Nuclear Weapon
Stockpile Memorandum.

Representing the DOE on the Nuclear Weapon Council
Standing Committee (NWCSC).




. Developing budget proposals and financial plans.

. Directing the program for operational support to the
intelligence community and assisting with associated
special national security operations.

. Coordinating the weapons program research and
development (R&D) activities relating to safeguarding
spécial nuclear materials.

. Providing programmatic direction for the DOE nuclear
weapons accident response group, the DOE nuclear
emergency search team, and the DOE portion of the
joint nuclear accident coordinating center.

In executing these responsibilities, the DASMA is
assisted by a staff of about 70 people located in the
Forrestal building in Washington and at Germantown, MD.
The DASMA is, in compliance with the Atomic Energy Act,
an active duty Flag Rank Officer. About one quarter of
the DASMA professional staff are active duty military
personnel.

The Albuquerque Operations Office (AL) is responsible for
DOE field level planning and coordination of nuclear
weapons R&D, and field-level direction of nuclear weapons
safety, surveillance, and production.13 AL directs the
seven plants of the nuclear weapons production complex,
and is responsible for administering the contract for Los
Alamos National Laboratory (LANL) and for Sandia National
Laboratory (SNL). (The Lawrence Livermore National




Laboratory (LLNL) contract is administeréd by the DOE San
Francisco Operations Office, as delegated by agreement by
the AL Office.)

While AL does not manage the laboratories’ nuclear weapon
RD&T program, it does actively participate in the weapon
development process to ensure that:

u The DASMA is provided, throughout the development
process, with impact and cost estimates for
production of weapons.

o The laboratories provide the production facilities
with adequate design information, and that

u Adequate production capability and capééity exist for
each new weapon.

To facilitate executing these responsibilities, the AL
staff keeps informed of those laboratories advanced'
development activities which generate process development
reqiirements, ensures that the laboratories place
development support work at the proper production plants,
and directs production plant process development
activities. The AL staff participates in joint DoD-DOE
Project Officers Groups (POGs) as a member insofar as
weapon production capability, capacity, and cost are
concerned. (See Section IiI.)




AL has about 1300 Federal employees including 350 in the:
six area offices that report directly to the AL Manager.

The DOE Nevada Operations Office, located in Las Vegas,
NV, is responsible for the operation of the Nevada Test
Site (NTS), and for managing the underground nuclear
testing program. This office has about 300 Federal
employees and directs about 5000 contract employees
engaged in NTS operations.

The Nuclear Weapon Design Laboratories

The design laboratories (LANL, LLNL, and SNL) are GOCO
facilities. IANL and LLNL are operated by the University
of California and SNL is operated by Sandia Corporation,
a wholly-owned subsidiary of AT&T Technologies. These
laboratories are collectively responsible for formulation
and execution of the nuclear weapon RD&T technical

program.

LANL and LLNL design the nuclear physics packages for
nuclear weapons. SNL is responsible for weaponization
including designing and developing arming, fuzing, and
firing components and packaging them with the nuclear
physics packages in warheads and bombs capable of being
used by the military.

Nuclear testing is a primary responsibility of LANL and
LINL. Both conduct underground nuclear experiments at
NTS to investigate the feasibility of new weapons
technologies and to develop and proof test weapons. SHNL
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provides the arming and firing systems for these tests.
The three .laboratories join with the DoD in conducting
nuclear weapons effects tests and confidence tests for
nuclear weapons in the stockpile. |

LANL is located in Los Alamos, NM, and has approximately
8100 employees and facilities occupying over 43 square
miles.13 LINL is located in Livermore, CA, and has
approximately 8000 employees and facilities occupying
about 7,600 acres.l3 SNL consists of the headquarters
and laboratory facilities in Albuquerque (SNLA) NM; a
laboratory facility in Livermore (SNLL) CA; the Tonopah
Test Range (TTR) in NV; and several quality assurance
teams in weapons productions plants. SNL has
approximately 8300 employees.13

III. The DoD-DOE Nuclear Weapon Development Process

A.

Planning Documents

'Two'importaﬁt‘planning documents for the RD&T program are

developed through joint DoD-DOE actions: the NWSM and

' the Nuclear Weapon Development Guidance (NWDG) . The FY87

National Defense Authorization Act? which formed the NWC
also charged that group with preparing the NWSM. This
document, which is prepared at least once each year,
contains the planned nuclear weapon builds and
retirements for the current year and the next five years,

‘and a projection of builds and retirements for the

subsequent five years. Significant changes from the
previous year and projected special nuclear material
requirements are also given.
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After preparation under NWC supervision, the NWSM is
jointly submitted to the President by the Secretary of
Defense (SECDEF) and the Secretary of Energy not later
than September 30. The NWSM is reviewed by the National
Security Council (NSC) staff and a Nationai Security
Decision Directive (NSDD),-which authorizes production
for the current year and preparation to support
production for the next five years, is prepared for the
President’s signature. This NSDD is usually received in
the October-March time frame, and may contain requests
for special studies on various nuclear weapons issues.

The NWDG is prepared biennially by the Defense Nuclear
Agency (DNA) under the supervision of the ATSD(AE). The
purpose of the NWDG is to provide guidance in the 10 to
20-year time frame which will help the DOE align its RD&T
program with anticipated DoD needs. It identifies broad
planning considerations and technologies to support a
wide range of future weapons development options.

The process, illustrated in Figure 2, for developing the
NWDG is perhaps as important as the resulting biennial
document. The dialog among the DoD operational commands,
the staffs from the Military Departments, and DOE
officials and laboratory personnel is particularly
useful.

The Nuclear Weapon Acquisition Process

Two of the strategic objectives of the DOE RD&T program
are focused directly on nuclear weapon acquisition:
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Insure continued and improved safety, security, and
:eliability of the existing stockpile of nuclear weapons;

Provide design, engineering development, and testing for
new weapon cencepts and engineering support for new
weapons entering the stqckpile. ‘

To achieve these objectives DOE development work must be
responsive to the DoD acquisition process. This meshing
of DoD-DOE activities is shown in Figure 3.

Each new major system acquisition requires a mission need
statement approved by the SECDEF before it is included in
the DoD budget submission. Proceeding with the
demonstration/validation phase requires review by the
Defense Acquisition Board (DAB) and SECDEF approval.l4,15
Similar proCedures are followed for Milestones II and
III. A report assessing the adequacy of the operational
teSt-end evaluation and effectiveness and suitability of
a weapon system must also be submitted prior to Milestone
III approval'for production. (See References 14 and 15
for a detailed description of the DoD acquisition
system.) The warhead development is also divided into
phases, with similar approvals required, so that the
weapon and the weapon system advance toward production
together in a controlled manner.2,16,17,18

The DOE laboratories generally work with the Military
Services in assessing the potential for meeting new
mission needs with existing weapons or new weapons
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concepts. These pre-Phase 1 activities provide insights
for focusing laboratory advanced development work and
lend realism to the military mission need statement.

Phase 1 concept definition studies may be performed by
any DoD compOnent, by the DOE laboratories, or conducted
jointly. 1In addition to studying potential weapons
applications, Phase 1 studies may be conducted to
investigate broader mission area needs or application of
nuclear-relafed technology. These studies usually
involve preliminary effectiveness analyses, delivery
system and warhead trade-offs, and development of a
preliminary draft of the MCs which state the warhead
performance requirements. The report written by the
Phase 1 study group provides information needed by the
DoD to determine whether to proceed into Phase 2 and also
helps the DOE laboratories in shaping their RD&T
activities. '

The Phase 2 Feasibility Study is a crucial step in
determining how best to meet national security needs.
This joint DoD-DOE study determines both the technical
feasibility of meeting the need and identifies those
aspects of nuclear design, development, testing,
production processes, and resource availability likely to
be determining factors in developing and producing a
nuclear weapon of the characteristics needed for a
particular weapon system.3
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A Phase 2 study is initiated only after a Military
Department request is approved by the NWC. One of the
“most important tasks for the joint DoD-DOE study group is
to conduct trade-off studies and to ensure that total
weapon system cost and performance are considered in
establishing the military requirements and design
objectives.1?

candidate warheads are proposed by two competing design
teams. (The rationale for this competition is explained
in Section IV.) The advantages and disadvantages of each
candidate are analyzed and economic and nuclear material
"savings thaﬁ would occur from changes in requirements are
jdentified. Preliminary warhead designs and testing,
including underground nuclear tests, are frequently
needed to establish feasibility.

The Phase 2 study usually takes about.one year and
culminates with a report to the NWC. This report (which
‘contains the study group .findings and updated draft
warheads MCs) should be available for DAB Milestone 1
deliberations. The DOE also develops comparative warhead
costs so that the NWC is able to consider cost/benefit
trades.

In harmony with the DoD weapon system demonstration and
validation work, the DoD and DOE conduct a joint Phase 2A .
study to identify a paseline design which best balances
resources and requirements.3 The DOE normally selects a
single design team to work with the cognizaht Military
Department and its contractors. The study is conducted
by a POG which oversees the trade-off studies and refines
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the warheads MCs. Tentative development and production
schedules are established and a DoD-DOE division of
responsibilities for development and production is
drafted.

The POG is charged with producing a report to support DAB
Milestone II deliberations.3 The DOE provides a Weapon
Design and Cost Report which describes the baseline
design and decision cost estimates and reports the
results of trade-off analyses involving requirements,
costs, and nuclear material cost and availability.

The DOE laboratory team conducts design activities in
sufficient depth to support the trade-off studies and
cost analyses.3 Prototyping and testing are conducted
as necessary.

DOE Development Engineering (Phase 3), which normally
occurs concurrently with DoD full-scale development,
begins after the Secretary of Energy accepts a formal
request for this work- from the SECDEF. The POG, with
oversight by the NWCSC, continues to be responsible for
coordination of DoD-DOE activities.

Early in Phase 3, SNL, on behalf of the POG, prepares a
Preliminary Weapon Development report which provides
design objectives, a weapon description, test plans,
requirements for ancillary equipment, and a program
schedule. This report is submitted for review to the DoD
Design Review and Acceptance Group (DRAAG). (The DRAAG
will, during Phase 5, assess design compliance with the
MCs and recommend on acceptance of the warhead as a
standardized design to the DoD.)
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During Phase 3, the DOE ljaboratories conduct intensive
design, prototyping, and testing activities including
joint testing with the DoD weapon system. Warhead
interfaces are firmed up and studies are conducted to
ensure that the design will meet the stringent safety
requirements specified in the MCs. The DOE establishes a
baseline cost for warhead production during the early
part of the Phase 3.

The NWC reviews each program annually during Phase 3 and
4.17 It considers the impact of the MCs and the
Stockpile-to-Target Sequence (STS) (which describes the
logistical and operational evolutions and the resulting
physical environments the weapon may encounter) on the
design and engineering effort and the resources needed to
meet the design requirements and goals. Specific DoD
requirements or DOE design/production decisions causing
resource expenditures to increase over previous estimates
‘are given particular attention.

Formal establishment of Phase 4 (Production Engineering)
gives the DOE production complex authority to proceed
with expenditures for procurement and fabrication of
materials and components for a portion of the production
schedule as specified by AL.16 The DOE laboratory design
team supplies the production complex with complete
drawings and engineering releases during this phase, and
continues with joint DoD-DOE testing initiated in Phase
3. DoD-DOE interfaces and activities on trainers,
spares, special equipment, manuals, and post-development
testing are also established during this phase.
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Phase 5 (First Production) is a period in which the DOE
evaluates the production processes and the resulting
product to determine if all quality requirements are
met.16 Dpuring this period, the laboratory design team
prepares and submits a Final Weapon Development Report to
the DoD DRAAG. If the DRAAG determines that the design
meets the approved MCs and STS to the extent that no
further DOE development effort is required, it recommends
to the NWC that the design be accepted as a standard
stockpile item. During Phase 5, the Military Department
Nucléar Weapon System Safety Group conducts a
preoperational safety study to determine the adequacy of
safety features in the nuclear weapon system and of the
procedures for operation of the system. This group
prepares Safety Rules for approval by the SECDEF and
makes recommendations for any needed improvements in
nuclear safety.

Phase 5 culminates with the issuance of a Major Assembly
Release, which is prepared by the DOE design

laboratories, stating that the weapon is satisfactory for
release to the DoD for specified capabilities and uses.16

In Phase 6, the DOE maintains full-scale production at
the rates necessary to meet directed schedules.l16é This
phase follows Milestone III (production and deployment)
approval by the SECDEF based on deliberations of the DAB.

Stockpile evaluation is a major Phase 6 activity. It
ensures, through stockpile sampling and laboratory and
flight testing, that stockpiled weapons continue to meet
quality requirements.




-18-

Should deficiencies be found and corrective action be
deemed necessary, the DOE laboratories prepare production
change proposals with specific solutions. From time-to-
time, technical advances require that portions of the
stockpile be modernized. These design actions are also
handled by the DOE laboratories as will be discussed in
the next section.

Retirement, denoted as Phase 7 in a weapon life, begins
with the first physical withdrawal of the weapon from
stockpile.l6 Weapons’are returned to the DOE’s Pantex
Plant where they are disassembled. Inspections performed
provide additional information which can guide R&D for
future designs.

Certain ancillary equipment, e.g., Permissive Action Link
(PAL) controllers, may be needed by DoD on schedules
different than major system development. This develop-
ment work by DOE laboratory designers is conducted under
informal DoD-DOE arrangements. By the same token, DoD
frequently utilizes existing nuclear weapons on new
aircraft or platforms. And while; little or no warhead
redesign may be required, a great deal of compatibility
testing may be needed to establish the operational
capability. '

Stockpile Improvement Program (SIP)
Modifications to stockpiled weapons to modernize safety

or use control features are incorporated under the SIP.
Deficiencies that are identified during the course of
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stockpile sampling programs are normally corrected by
either a field retrofit by DoD or DOE laboratory teams or
at DOE production facilities.

Existing weapons, lacking modern nuclear safety or
control features, that are not scheduled for timely
retiremént have been identified as candidates for SIPs.
Recent SIPs include the B28, W31, B53, and B61l where
changes have included combinations of improved nuclear
safety features, insensitive high explosive, and new
control devices. DOE and DoD meet annually to review the
status of ongoing SIPs and to determine if there have
been any changes in stockpile environments, employment
plans or hardware assessments that would make it
advisable to include additional weapons in the program.

Capability improvement may include the incorporation of
limited life components with extended service life or
features for additional military utility. In the
future,the nuclear stockpile may benefit from the use of
preplanned improvement (PPI) programs designed to extend
the capability of nuclear weapons to meet changing
threats, exploit weapon system growth, or incorporate
newly evolved nuclear safety or control enhancements.

Laboratory Execution of RD&T*

In the previous section, the directed weapon development
efforts of the laboratories were identified, and it was
explained how the first two DOE strategic RD&T objectives are

*This section draws heavily on references 19-22.
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accomplished through the phased acquisition process. The
second two strategic objectives are:

. Maintain the scientific and engineering capability to
provide a continuing flow of technical knowledge and
innovations to support the development of new weapons;
and

. Avoid technological surprise by an adversary.

These objectives are more deeply embedded in the research,
exploratory dévelopment, and testing programs planned and
executed by the laboratories with DOE federal employee
oversight. ‘

Tested ideas are a prime output of the RD&T program. These
ideas can be engineered into warheads or contribute to the two
objectives listed above. While the value of latter use is
frequently less visible, its relative importance in meeting
strategic objectives and hence national security needs may not
differ by much. |

Several important functions in exploratory development take
place between the conception of an idea and its emergence as a
tested idea. First, a new idea undergoes theoretical
evaluation. Many new ideas do not meet this test and are
discarded as being impractical, unlikely to succeed, or
because supporting data and techniques are not sufficiently
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advanced to proceed into development. Those that pass must
undergo management judgment to determine if they are important
enough to receive further attention. The better ideas then
proceed to the calculational stage. With the use of large,
high-speed computers, sophisticated models and the existing
data base, an approximation to the design can be assessed. A
modified theoretical design may result. Some ideas, however,
do not pass this computational test.

Because of computational limitations and limits on knowledge
of materials properties, designs optimized through calculation
must be checked with experiments. Some of this
experimentation can be done using nonnuclear devices, e.g.,
hydrodynamic testing with high explosives to measure implosion
time histories. Other designs can be evaluated only in
underground nuclear tests where very sophisticated diagnostics
measure both primary and secondary performance in real-time
‘and radiochemistry yield analysis can be performed on the
debris. Several iterations through this design-analyze-test-
analyze-redesign cycle may be needed before the original idea
becomes a sound element available for consideration in meeting
future needs.

The tested nuclear device provides only the conceptual heart
of the nuclear weapon. It must be engineered to achieve
compatibility with the military weapon system as described in
section III.B.

Technical processes and evaluations needed for both advanced
development and weaponization are based primarily on a
foundation of specialized information, techniques, and
materials generated by supporting R&D activities within the
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laboratories. This technology base consists primarily of
highly skilled scientific and engineering personnel from many
technical disciplines together with existing data bases,

- special facilities, and requisite equipment. A large
continuing effort within the laboratorles is devoted to this
‘vital activity. From this work comes the new ideas in
metallurgy and materials; fundamental nuclear information;
programs for the powerful computers; concepts‘for nev
instruments, diagnostics and measurement techniques;
~analytical methods in radiochemistry; and new concepts in
engineering and weaponizstion. |

Sophisticated test and simulation facilities are requlred for
research and for weapon design, certification, and stockpile
evaluation. Weapons must be safe, secure, and reliable after
exposure to a great variety of logistic and operational
environments, including nuclear attack by our adversaries.
"The existing data base and computation capabilities are very
‘important, but testing, in simulations as close as possible to
the requirements, is vital. The facilities needed for this
testing are many and varied--a range for rocket and gun tests,
sled tracks, drop towers, high explosive facilities, etc.
Many of these facilities are unique national capabilities.
Facilities for generating outputs which simulate some aspects
of a nuclear explosion are one exanple of the specialized
capabilities needed by the R&D workers. Pulsed high-energy
machines are used to generate x-rays and gamma-rays. Pulsed
reactors create bursts of neutrons similar to those emitted
from a nuclear weapon. These facilities provide a vital
supplement to underground testing capabilities at the Nevada
‘Test Site (NTS).
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There is a particular dependence on NTS since it is the only
facility available for conducting nuclear explosion testing.
The tests there are used to verify the predicted nuclear
performance of new designs, to assess the effects of various
factors on nuclear yield, to assure the reliability of
stockpiled weapons, and to assess potential nuclear threats.
For instance, an underground test might be required to measure.
the change (if any) in yield due to the extreme cold
temperatures experienced by a weapon carried externally on a
high-flying aircraft.

The nuclear test program has four major technical elements.
Prompt diagnostics is the design and development of the
experiments and measurements for determining the real-time
performance of the nuclear device. Nuclear chemistry is the
analysis of device performance based on radiochemistry
‘measurements of debris acquired by drilling back into the
cavity left by the nuclear detonation. Field operations
include site preparation, device emplacement and countdown,
and test execution. Finally, there is a somewhat separate and
independent containment activity to ensure that there is no
leakage of radiation into the environment. (There is also a
scientific containment panel consisting of scientists from the
laboratories, the Environmental Protection Agency, and the
National Oceangraphic and Atmospheric Administration to
recommend to the DOE test controller on whether or not a test
should proceed based on the panel members concerted judgement
regarding containment of radioactivity and other factors.)
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Underground tests are a limited resource. Within the
‘laboratories, there is intense competition for the available
experiments which can be performed in underground tests
(typically about 10 per year). Laboratory management passes
judgment on which ideas will proceed into the underground test
phase. Each year the laboratories proVide DOE with a one-year
plan and a five-year projection of intended tests. The DOE
coordinates the resulting test plan with the Départment of
State and DoD, and submits it through the National Security
Council to the President for approval. -

It does not appear that nuclear weapons technology is reaching
a plateau. Advances are being made’on several fronts and,
consequently, laboratory management must carefully choose in
allocating resources. For example, nuclear directed energy
weapons represent an entirely new generation of'concepts.
_Understahding the conversion and focusing of the nuclear
'~output‘(so that the energy can pe directed at distant targets)
presents fundamental challenges to laboratory scientists and
engineefs. These investigations are basic to meeting the four
RD&T objectives.

in all of the activities previously discussed) up through the
Phase 2 weapon feasibility studies, the flow of new ideas is
stimulated by competition between LANL and LINL as well as
competition within the laboratories. This competition is

' peneficial not only for the new ideas it generates, but also
for the peer review it provides as the teans from the two
jaboratories assess the other’s ideas and subsequent
implementation. Meaningful outside review is limited because
the nuclear design information is so tightly controlled (by
law and regulation) and the supply of knowledgeable peers
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is small. When both laboratories are exploring options and
making proposals, at least two views are presented on every
project. DoD and DOE decision makers benefit because they get
more options and a second opinion on any given concept if they
"want one. However, it is the scientists and engineers
themselves who benefit the most by having knowledgeable peers
to critique their work. This is a key factor in advancing the
state-of-the-art in any technology.

Verification R&D needed to support the technical aspects of
arms control proposals and possibilities has been vigorously
supported by the DOE laboratories. Nuclear test ban proposals
in the late fifties resulted in the establishment of a
research effort to support the Defense Advanced Research
Projects Agency'(DARPA) satellite-based nuclear test
monitoring program called Vela. Satellite monitoring
_activities became institutionalized in the DOE R&D program
when Vela became a principal element for verifying the Limited
Test Ban Treaty of 1963. An R&D program for in-country
seismic monitoring of nuclear tests has been supported since
the mid-seventies. DOE laboratory contributions to the
verification technology of late have been focused on
supporting the INF Treaty and START negotiations. Much of
the DOE’s current emphasis is on new technologies because the
options being discussed for START are going to be very
difficult to verify with confidence using the means presently
available.

Because the DOE laboratories operate their RD&T programs under
the level-of-effort concept, laboratory management is always
faced with detailed tradeoffs on allocation of resources to
the various technical efforts. Directed development/
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production engineering (Phase 3/4) efforts almost always
receives top priority in this competition. But when
management decides to increase one effort, another must be

‘decreased. Thus, continuous tradeoffs among varlous RD&T

jnitiatives result in a healthy competitive atmosphere.
Moreover, when technical problems arise, they usually will be
solved within a constant set of resources. Budgetary relief
can only be attained through the supplemental appropriations
process that requires Congressional approval, and this is
rarely exercised. Level-of-effort funding permits the
laboratories to quickly respond to changes in guidance from
DOE Headquarters.

The President’s Blue Ribbon Task Group (BRTG) on Nuclear
Weapons Program Management reaffirmed in their finding and

conclusions the soundness of the DOE RD&T program structure.
The Group stated in their July 1985 report:

"The advantages of the current arrangement include
checks-and-balances for nuclear weapon safety,
security, and control; excellence and vitality of
the national laboratories; and unique facilities of
the production complex. The three national
laboratories that conduct nuclear weapon R&D ==
Lawrence Livermore, Los Alamos, and Sandia =-- have
~long traditions of managerial discretion in defining
research programs and in allocating resources quite
unlike most of the nations’s defense laboratories.

Their technical accomplishments have been
impressive. Successive generations of weapons have
peen introduced into the nation’s stockpile,
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generally on schedule, while meeting increasingly
high standards of nuclear safety and high
performance specifications."23

The BRTG did, however, recommend several measures to enhance
fiscal responsibility and cost discipline that apply to DOE
RD&T work. Initiatives such as more JCS participation on the
tradeoff and resource allocation process have been implemented
through the NWC, which was formed in response to BRTG
recommendations.

A supplement to the 1953 Agreement for the Development,
Production, and Standardization of Atomic Weapons has been
developed to formalize implementation of BRTG recommendations
for better cost performance trade-offs, Secretarial-level
decisions to initiate development engineering (Phase 3), and
‘establishing and monitoring baseline cost.

However the BRTG recommended that "the introduction of
measures to increase fiscal discipline should not be allowed
to override requirements in critical areas such as nuclear
weapon safety, to inhibit innovative and aggressive technology
base activities, or to change a management style that allows
discretion to the nuclear weapon laboratories and field
offices."23

Technical competence for nuclear deterrence rests heavily on
the three DOE laboratories. Under almost every conceivable
arms control scenario, the responsibilities of the
laboratories are likely to increase, not decrease. Smaller
nuclear arsenals still need to be safe, secure, effective,
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survivable and perhaps have features for accountability --
which requires modernization.24 Laboratory expertise will be
required for maintaining the stockpile and verifying
compliance with arms control agreements. Most important, the
laboratories will be required to guard against technological
surprise, which becomes even more critical in a world with
fewer nuclear weapons, but perhaps a world where more nations
have a nuclear weapon capability. All of the present inherent
flexibility of the DOE RD&T system will be required to deal
with the inevitable technical and political changes. This
flexibility is the best mechanism for achieving the
modernization and for meeting the four DOE RD&T strategic
objectives:

. Insure continued and improved safety, security, and
reliability of the existing stockpile of nuclear weapons;

. Provide design, engineering development, and testing for
new weapon concepts and engineering support for new
weapons entering the stockpile;

. Maintain the scientific and engineering capability to
provide a continuing flow of technical knowledge and
innovations to support the development of new weapons;
and

. Avoid technological surprise by an adversary.
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