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The ATC04 is the latest member of a family of assembly test chips designed and built by Sandia
National Laboratories. These chips are used by the microprocessor industry to monitor micro-
electronics packaging processes and assist in the development of new packaging technologies.
These chips contain a variety of sensors that can determine whether the assembly and packaging
of semiconductor devices have resulted in any damage or functional degradation. Transducers
measure such conditions as corrosivity, mechanical damage, electrostatic threat, mechanical
stress, bond pad degradation, and moisture content.

The ATCO04 contains an array of 25 stress sensing cells, approximately200 micrometers on a side,
with a diode thermometer in the center of each cell. Each cell contains four n-type and four p-type
piezoresistors for mechanical stress measurement and a diode for temperature measurement.
The chip also contains two ring oscillators. Cells are individually and sequentially addressable.
Measurements are made using a four-terminal or Kelvin technique, with two connections for a
current source and two for a voltage measurement device.

Assembly test chips are usad by the microelectronics industry in three ways: as manufacturing line
Monitor:  in evaluation of new mizro packaging techniques, and as electronic system monitors
over years of use.

This device is a product of Sandia’s core competencies in microelectronics and photonics, engi-
neering sciences, processes and materials, and computational sciences. It also represents Sandia’s
strategic thrusts in advanced manufacturing technology and electronics. This work was recognized
by R&D Magazine with a 1993 R&D 100 award.
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President’s Statement

Sandia began a new era on October 1, 1993, when Martin Marietta Corporation took over operating
and management responsibilities for the Laboratories from AT&T. AT&T served the nation well
during its tenure, and Martin Marietta will continue the dedication to “exceptional service in the
national interest” that has always characterized Sandia’s work.

The new management team faces a formidable challenge. Post-cold war economics dictate a
substantial contraction in defense research and development, and the nuclear weapons complex
must bear some of that burden. The Department of Energy national laboratories must learn how
to execute their enduring
mission responsibilities in
an environment of dimin-
ishing resources.

The challenge we face as
managers is to implement
the changes needed to
address this reality without
eroding the capabilities that
support the Laboratories’
ability to perform. We
share this challenge with
DOE. Sandia and the
other DOE Defense Pro-
grams laboratories
embody the technical
capability of the nation to
respond prudently to
strategic uncertainties, both
in the requirements for
future deterrence and in
the risks of nuclear con-
frontation anywhere in the
world. The future of these
laboratories must be
planned and managed
very carefully.

The Department of
Energy is taking bold steps
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to reshape the way it does business in order to meet the challenges of the future. 1ts core values and
mission put the customer first and emphasize the importance of peaple as the ultimate creative
resource for solving national problems. DOE's customer is, of course, the taxpaying public as rep-
resented by its elected officials. This has always been true, but in the past this tact was not internal-
ized as a motivational focus.

I believe the Department of Energy is undergoing fundamental change. If it succeeds with this
change process—a redefinition of what it is and how it does business — the Department will
become aleadership force for meeting the science and technology needs of the nation in the next
century. Itis our intention to help DOE succeed, as it must, for the good of the nation.

Four years ago, we at Sandia also made a commitment to change. We adopted the principles
of Total Quality Management to improve our performance, stretch our shrinking resources, and
increase our efficiency. We established processes to evaluate our performance in terms of our cus-
tomers’ expectations. We now apply the scoring system of the Malcolm Baldrige award criteria to
laboratory performance, and we benchmark our progress against that of other world-class rescarch
and development organizations.

But even with improvements in efficiency and execution, the Laboratories will not have sufficient
resources from the nuclear weapons program alone to sustain the capability and facilities required
for responsible stockpile stewardship. However, the technology base that supports the nuclear
weapons stockpile features core competencies that have enormous dual-use potential. Consequently,
our strategy will be to base our program portfolio on the core competencies that we need to fulfill our
nuclear weapons mission responsibilities, and we will manage all of our work to produce technologies
that are applicable to civilian sector needs as defined by the federal government and U.S. industry.

To implement this strategy and help the Department of Energy project leadership for the tech-
nology needs of the next century, we will pursue eight strategic initiatives that crosscut our customer
base and address large-scale technology problems facing industry and the nation:

Advanced Manufacturing Technology — A robust manufacturing sector will always be the
foundation of our nation’s security. As the federal government responds to industry’s need for
technologies to fuel advances in the manufacturing sector, it is logical that it should turn to the
DOE laboratories as a resource.

Sandia has become the leader among federal laboratories for advanced manufacturing tech-
nologies as a consequence of its responsibilities in design engineering, production process devel-
opment, intelligent machines research and development, and oversight of most U.S. nuclear
weapon components. Sandia’s National Center for Advanced Manufacturing Technology,
National Center for Advanced Information Components Manufacturing, and the Integrated
Manufacturing Technologies Laboratory at Sandia/California all support the requirements of
DOE and industry for technology and process development in manufacturing.

Electronics— Advanced electronics is essential for modern weapon systems, and an indige-
nous capability for microelectronics manufacturing is key to our cconomic security.

Sandia’s electronics capabilities and programs are a comprehensive integration of the entire
clectronics component realization process. Our outstanding capabilities in this arena are
unmatched among DOE laboratories.

Sandia’s Microelectronics Development Laboratory, Semiconductor Equipment Technology
Center, Microelectronics Quality and Reliability Center, and other facilities are significant
national resources. We are a contributing team player with industry in developing processes for
flat-panel display manufacturing and soft x-ray lithography, technologies that have the potential
to provide a competitive advantage. A substantial portion of our program consists of cooperative
arrangements with SEMATECH and industry associations for precompetitive technology devel-
opment that helps the entire U.S. microelectronics industry.
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Information and Computational Technology — Computational simulation has always
been important to Sandia’s national security and energy missions. But its potential impact on
commercial manufacturing is likely to be on the scale of a new industrial revolution. In the future,
it will be cheaper, more accurate, and much faster to use computational technology for product
design and production than contemporary experimental or trial-and-error methods.

Sandia’s Massively Parallel Computing Research Laboratory has led the development of mas-
sively parallel computing algorithms and applications since its award-winning introduction of
massively parallel techniques for real engineering applications in 1987. The laboratory currently
houses the world’s fastest parallel processing computer, and it leads in the development of algo-
rithms for large-scale engineering and industrial problems. The Center tor Computational Engi-
neering at Sandia/California is an interdisciplinary group helping industry with problems in
chemistry, materials, and biochemical modeling.

Transportation Energy Technology and Infrastructure— ['ransportation issues are
closely related to the goal of improving national economic performance. Greater energy efficiency
and an improved national transportation infrastructure would help realize gains in productivity
and reduce environmental impacts.

Sandia has performed lead functions in transportation tor the Department of Energy for
many years, particularly in technologies associated with the safe and secure movement of defense
materials. OQur strengths in real-time control systems, failure and risk analysis, and sensors and
remote monitoring can be useful in integrating the design requirements of vehicle systems.

Sandia’s Combustion Research Facility has been active in energy-related issues associated
with internal combustion engines since the 1970s. And our experience in developing long-life,
high-energy batteries for nuclear weapons makes us a valuable partner in the industry-led search
for a practical battery for electric vehicles.

Environmental Technology— The DOE laboratories have a mission responsibility to
develop solutions for problems in waste management, site remediation or stabilization, and envi-
ronmentally conscious manufacturing and to share those solutions with industry. Environmental
issues associated with manufacturing and waste management are at the top of industry’s agenda.
Solutions must be technically feasible and affordable if they are to be widely adopted.

I believe that industry will ultimately be made responsible for the environmental conse-
quences of its products in the complete cycle from fabrication to disposal. Sandia has taken a lead -
ership role in introducing environmentally conscious design and manufacturing into the nuclear
weapons production complex. We are now having to design for product disposal, as well as for
product function. We have researched and developed substitutes for materials and processes that
tormerly required or generated hazardous wastes, such as fluxless soldering and safe solvents,
Some of these processes are now being widely adopted by industry,

Energy Research and Technology Development— Energy security is a vital component of
national security. Sandia is one of the nation’s premier contributors to energy technology, partic-
ularly in renewable energy (such as solar, wind, and geothermal), fossil energy, and nuclear power
—always with the goal of minimizing environmental impacts,

We are at a threshold of significant new thrusts in renewables, building on our pioneering suc-
cesses in this arca. For many years, Sandia has operated the National Solar Thermal Test Facility
for DOE, and we provide support to industry for the development of Solar T'wo, a utility-scale
solar power tower. Sandia’s Photovoltaic Design Assistance Center has helped U.S. manufactur-
ers compete in the emerging international market for photovoltaic systems. Weare also collabo-
rating with industry and the Bonneville Power Administration to expand commercial utilization
of geothermal resources in the Pacific Northwest.

Prosiclent's Statercnt
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Renewable energy designs must be casily manufacturable to be commercially viable. Sandia’s
rich capability in manufacturing engineering and systems design brings an industrial focus to
renewable energy research and development that is unmatched at any other DOE laboratory.

Biomedical Systems Engineering— Health care costs in the United States are increasing
rapidly and are one of the factors impeding U.S. economic competitiveness. The proper applica-
tion of advanced technologies to biomedical engincering could significantly reduce some aspects
of cost without compromising or rationing health care.

The core competencies that support our DOE missions frequently have application to prob-
lems in biomedical engineering. For example, we have demonstrated that pattern recognition
algorithms for identifying military targets can be modified to help detect tumors in x-ray images.
High-speed computation can quickly reduce imaging data and help physicians “see” internal
organs. We have used technology developed in the weapons program to create a noninvasive glu-
cose sensor that has been transterred to industry for commercialization,

Post-Cold War Defense Imperatives — The proliteration of weapons of mass destrucuon is
a serious challenge to international stability and peace. Sandia will expand its efforts in intelligence
and treaty-verification technologies. The Center for National Security and Arms Control, now
under construction at Sandia/New Mexico, will house the largest aggregation of intelligence, non-
proliferation, and arms control research and development work in the world.

Other post-cold war developments will also require adjustments and new work. The recently
extended moratorium on underground nuclear testing will require upgraded capabilities for
aboveground simulation so Sandia can continue to certify weapon components for radiation
environments. Nuclear weapon use-control systems must be enhanced to support a smaller
stockpile with greater flexibility. We must meet and exceed public expectations for weapons safety
in transportation and staging. Nonnuclear component manufacturing must be reconfigured to be
more cost-effective. These new requirements, which stem from fundamental changes in nuclear
weapons policy, are primary responsibilities of Sandia and will be vigorously pursued.

As much as possible, all of this work will include a high degree of collaboration with industry,
universities, and other federal laboratories through cost-sharing arrangements. Moreover, we will
help support the research and development needs of small and mid-level businesses through spe-
cial cooperative arrangements and technology out-reach programs.

The fraction of our total workload devoted to technology transfer is growing rapidly. Industry
partners who were initially attracted to Sandia by the match of our core competencies to their
needs are finding that we not only have something to offer, but that we can work effectively with
them. Similarly, we have discovered that our own capabilities are enhanced by this synergy. We
are striving to achieve the greatest possible utilization of laboratory capabilities to meet defined
national technology goals. In doing so, we will sustain the research foundations and integrated
capabilities that will define the future of this institution.

(_________—-——v

7

mstitutional Plan FY 1994 - 1999






Sandia National
Laboratories Mission

In 1949, President Harry Truman suggested that the management and operation of what is now

Sandia National Laboratories afforded an opportunity to offer “exceptional service in the national

interest.” This ethic has served as our guiding principle and strategic intent over the years.
Consistent with this intent, the mission of Sandia National Laboratories is

to enhance the security, prosperity, and well-being of the nation
by respor ling to the challenges and opportunities of an increasingly dynamic
and demanding world
with broad-based research and development programs
that create solutions contributing to military security, energy security,
environmental integrity, and economic competitiveness.

Our longest standing program (within the military security mission area) is to implement the
nation’s nuclear weapon policies through research, development, and testing in nuclear ordnance,
arms control, and weapon surety. As a Department of Energy multiprogram laboratory, we also
serve the nation through a variety of programs that directly contribute to both national energy
security and environmental integrity. By working in partnerships with industry and academia
based on “road maps” generated by industry, Sandia is able to assist in the development of multi-
ple national infrastructures (such as manufacturing, information and transportation systems, and
cost-effective health care technologies) that are critical to our mission of economic security and
that also are key to the objectives of programs in Sandia’s other mission areas. In this context,
Sandia technologies and contributions exhibit a “dual-use” character.

All of Sandia’s programmatic contributions are based on a set of core technical competencies
that are the product of the integrated expertise of laboratory staff and the special facilities in which
they work. These core competencies are a part of the Department of Energy’s technology base that
supports DOE missions and other national technology initiatives. The research foundation cat-
egories for these competencies are:

® Engineered processes and materials

e Computational and information sciences
® Microelectronics and photonics

¢ Engineering sciences

Inaddition to the contribution of each research foundation to each program within each mission

area, the integrated capabilities that have been developed at Sandia to service program needs have
demonstrated a special distinctiveness for this laboratory. Some of these integrated capabilities are:

Sandia National Laboratories Mission



* Surety technology (safety, security, and control)

¢ Experimental, computational, and analytical evaluation
e Advanced manufacturing technology

¢ Pulsed power technology

¢ Engineered systems

A primary objective in all of Sandia’s programmatic responsibilities is to exceed customer
expectations for performance, cost, and schedule. To ensure the accomplishment of this objective,
staff who are involved in each program area (and in each cross-cutting functional area such as envi-
ronment, safety and health; human resources; and facilitics management) work to continuously
improve the performance of processes that are key to success. This commitment to Total Quality
Management is made to customers representing essentially every organization within the Depart-
ment of Energy as well as a diversity of other federal agencies, including the departments of Defense,
Commerce, Transportation, and State; Environmental Protection Agency; Nuclear Regulatory
Commission; National Institutes of Health; and National Aeronautics and Space Administration.
A growing number of both individual private companies and industry consortia also benefit from
the value of technology transferred from Sandia.

Mission Focus

Established Responsibilities

Established responsibilities include programs that add value directly to the nation’s security, in
cooperation with the private sector where appropriate, and for which the federal government is
the principal customer.

¢ Nuclear weapons programs (Department of Energy and Department of Defense)
- Stewardship for and development of an evolving nuclear weapons stockpile
- Implementation of new structures and approaches to meet
the smaller production requirements of the future
- Development of arms control and nonproliferation technologies,
and analysis of intelligence
- Restoration of contaminated Sandia sites to a state of compliance
with applicable environmental laws and regulations
® Energy and environmental programs (Department of Energy and the
Nuclear Regulatory Commission)
- Improvement of the economics, safety, and environmental compatibility
of energy conversion and utilization
- Development of waste management solutions and technologies for
industrial waste reduction
e Work other than for DOE (“Work for others”)
(Department of Defense, other federal agencies, and nonfederal entities)
- Appiication of unique Sandia capabilities to help other federal government
agencies and nonfederal entities (such as state and local governments,
private industry, and universities) succeed in their missions
¢ Technology transfer

institutional Plan £Y 1994 - 1999



Presidential candidate Bill Clinton and Sandians Al Narath and Paul Robinson discuss a printed circuit board that was fabricated using envi-
ronmentally conscious manufacturing techniques pioneered by Sandia. The circuit board is a product of the Laboratories’ emerging respon-
sibilities in advanced manufacturing technology and electronics, and its established mission responsibility in environmental technology.

Emerging Responsibilities
Emerging responsibilities include programs in partnership with industry that enhance the safety,

security, reliability, and cost-effectiveness of multiple national infrastructures and that directly
contribute to Sandia’s established mission responsibilities. These efforts are key to enhancing the

Sandia National Laboratories Mission
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global competitiveness of U.S. industries. The private sector will be an important judge of the value
of Sandia’s contributions.

e Advanced manufacturing technology

¢ Electronics

¢ Information and computational technology

¢ Transportation energy technology and infrastructure
¢ Biomedical engineering

Approach

Program Prioritization

Sandia will concentrate on challenges and opportunities that add value to the nation. In addition,
itwill—

® Respond rapidly to national emergencies and other urgent government requirements

¢ Build on and strengthen Sandia’s core technical competencies and other essential Laborato-
ries capabilities

¢ Anticipate emerging trends and proactively help sponsors and customers invent their future

® Provide teamwork opportunities with industry, universities, and other institutions

o Create synergies among Sandia’s program sectors and functional organizations

Program Execution
Sandia strives to achieve customer delight by meeting or exceeding expectations and by —

® Emphasizing our corporate values of teamwork, integrity, quality, leadership, and respect
for the individual, and demonstrating our commitment to the safety of the individual and
environmental protection

® Realizing continuous improvement of the Laboratories” performance, guided by Malcolm
Baldrige National Quality Award criteria

¢ Taking maximum advantage of the special characteristics of the New Mexico and California
laboratories and other Sandia locations

L] . L 3
Mission Assignments
Sandia’s missions for DOE encompass five major categories of a “tivity:

I. Research, development, and engineering associated with advancing nuclear explosives to
integrated, functional weapons for Dol weapon delivery systems (nuclear ordnance).
Activities include component development, design definition, and systems integration;
nuclear weapon surety, including safety, command and control, and security; evaluation of
new weapon concepts; testing and weapon effects simulation; production and dismantlement
support; and stockpile surveillance.

Institutional Plan Y 1994 19949



2. Other DOE defense-related programs, including the development of verification and
control technologies to support progress towards arms reduction agreenients and to pro-
vide intelligence on foreign technologies and weapon systems; concepts and systems for
the sateguarding and security of nuclear materials and assets.

3. Research, development, and engineering of technologies for safe storage, processing,
transport, and disposal of hazardous and radioactive wastes from nuclear materials and
weapons production; development of manufacturing processes and substitute materials
to minimize hazardous by-products in the production of nonnuclear components of
nuclear weapons; rescarch, development, and engineering of processes and technologies
for remediation and restoration of weapon production sites.

4. Implementation of the National Energy Strategy through rescarch and development of
concepts for increasing energy efticiency in utilization, storage, and transmission; securing
future energy supplies through improved recovery techniques, conversion technologies,
and development of alternative energy sources; protecting the environment through charac-
terization and assessment of environmental change phenomena and research and develop-
ment of cost-etfective technology applications tfor ameliorating environmental degradation;
fortitying the foundations of our national energy strategy by deepening our understanding
ot the basic energy sciences, improving the mathematics and science education opportunities
of our youth, and enhancing the general technical literacy of the public.

5. Supporting the cconomic security of the United States by helping U.S. industry compete
effectiv- ly in international markets through the transfer of federally owned or originated
technology to private industry, state and local governments, and universities or nonprofit
organizations.

An important part of our mission also includes performing work for entities other than the
Department of Energy when such work contributes directly to a DOE program or is judged to
exercise and strengthen Sandia’s capabilities in areas germane to our DOE missions. Such work is
frequently an effective means of accomplishing technology transter, a mission assigned to the lab-
oratories by the 1989 amendment to the Atomic Energy Act. It provides access to Sandia’s unique
facilities, services, and expertise and often makes available technology developed in the nuclear
weapons program that is not obtainable from industry, university, or non-DOE government sources.

Sandia National Laboratories Mission







Executive Overview

Sandia National Laboratories, operated for the United States Department of Energy, is one of the
nation’s largest and most diverse research and development laboratories. In 1979, it was designated
by Congress as a multiprogram national laboratory. Martin Marietta Corporation succeeded AT& T
as Sandia’s management and operating contractor on October 1, 1993.

Total Quality Management

Total quality is Sandia’s overarching management and operating philosophy. Quality is more than
one of Sandia’s five corporate values; it is an ethos and a methodology that permeates all of our
programmatic and institutional activities.

‘This commitment to total quality management is stated in the Laboratories’ quality policy:

To be the best demands that we integrate quality in all our work. At Sandia National Laboratories,
we apply the following quality fundamentals, consistent with sound business practices, to reinforce
our reputation for excellence:

Provide the greatest value to our customers by understanding and meeting their expectations.
Not only must we satisfy our customers’ spoken and written requirements, we must under-
stand our customers’ needs and how the ~ustomers’ expectations influence their perception
of quality with respect to cost, schedule, and performance. To ensure customer satisfaction,
both internal and external, we must continually review our customers’ expectations while
negotiating their requirements.

Focus on prevention rather than correction.
While fixing problems as they arise is important, preventing problems from occurring is
the goal Therefore, we must approach each task with the appropriate amount of planning
to consider potential problems and to build prevention into each step of the process.

Measure progress using data.
Metrics are needed to set objectives, monitor our processes, assess customer satisfaction,
and ensure that resources are focused on the most “value-added™ areas. We will judge our
performance against the best using the Malcolm Baldrige National Quality Award criteria
to measure our progress.

Continually improve our skills, processes, products and services.
Quality improvement is ongoing. As our customers’ requirements change, our capabilities

xecutive Overview



must change accordingly. Continually learning and improving our skills will allow us to
service our customers better. Since all work is part of a process, we must continually seck
ways to improve our work to provide the highest value products and services to our customers.

Committing to this policy requires some means of ascertaining that we are actually implement-
ing it. Our guiding principles for implementing quality at Sandia are the Malcolm Baldrige National
Quality Award criteria. In 1992, Sandia submitted an application for the AT&T Chairman’s Quality
Award (AT&17s equivalent of the Malcolm Baldrige Award). Our score was 429, which is very good
for a research and development laboratory undergoing rapid change. Weare using the opportunities
for improvement identified in the feedback from our application to advance our rate of progress
in quality implementation, This feedback is reterred to as “Baldrige feedback” in this discussion.

Sandia wilt prepare a Baldrige assessment for scoring and feedback in 1994 and continue to
use the Baldrige principles and processes for guidance.

The seven examination categories of the Malcolm Baldrige National Quality Award are a useful
construct for systematically assessing our progress towards meeting the goals of our quality policy.

Category 1—Leadership

Sandia’s president, vice presidents, and directors of Quality, Human Resources, Planning, and
Environment, Safety, and Health, compose the Sandia Quality Council, which meets monthly to
identity and measure activities that will ensure success in advancing our rate of quality progress.
Members of the Sandia Quality Council extensively promote the Laboratories’ commitment to
quality outside Sandia with special emphasis on the application of quality in a research and develop-
ment environment. To demonstrate their commitment to total quality management, the president
and his management council created, published, and distributed a corporate strategic plan it 1990
that emphasized quality. In 1993, our quality policy was updated, signed by the president, and
distributed to employees.

Corporate values and customer focus are the basis of Sandia’s organizational structure. Sandia
is organized into three program sectors that account for all the programmatic work performed at
the Laboratories, The three sectors and their major responsibilities and customers are:

e Defense Programs Sector-— Provides tor the stewardship and development of the nation’s
nuclear weapons stockpile; implements new approaches to meet the smaller nuclear weapon
production requirements of the tuture; and develops arms control and nonproliteration
technologies and analysis of intelligence.

Principal customers:
- DOE Defense Programs
- DOE Office of Intelligence and National Security
- DOE Office of Environmental Restoration and Waste Management

o Energy and Enviromment Sector — Pertorms rescarch and development to improve the
efficiency, safety, and environmental compatibility of energy conversion and utilization;
develops waste management solutions and technologies for industriat waste reduction,
Principal customers:

- DOE Energy Efficiency and Renewable Energy
- DOE Office of Energy Research

- DOL Fossil Energy

- DOL Nuclear Energy
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- DOE Office of Envir »amental Restoration and Waste Management
- DOE Office of Civi'  Radioactive Waste Management
- Nuclear Regulatory Commission

o Work-for-Others Sector — Applies unique Sandia capabilities to assist other government
agencies in solving their problems.
Principal customers:
- Department of Defense
- Department of Transportation
- National Aeronautics and Space Administration
- Other governiient agencies

This structure was implemented to increase our ability to address customers’ requirements,
Indicators of how well the structure is meeting those requirements are based on employee and
customer-satisfaction data,

Each of the three program sectors is overseen by a sector manager who is a Sandia vice president.
Because Sandia employs a program/tunction matrix, these vice presidents have organizational
obligations in addition to their program sector management responsibilities. There are a total of
ten corporate organizational divisions, managed by vice presidents, all of which support the program
sectors. The support they provide may be in the form of direct programmatic work, technical support,
administrative support, or laboratory indirect activities.

Corporate organizational divisions support sector programs. The intended result is that the
program sectors and their customers are the focus of all laboratory activity. This structure institu-
tionalizes the Total Quality Management requirement for a dominant customer focus throughout
the organization.

Strategic direction is provided by the Sandia Management Council (SMC), chaired by the
Laboratories’ president. SMC establishes corporate goals and makes decisions for infrastructure,
capital, and staffing requirements for the ten-year planning horizon. It establishes the long-term
strategy for core competencies and core support activities. The council integrates corporate policy
with business planning requirements and projected customer needs.

The activities of the three program sectors are coordinated in the Sandia Program Council,
chaired by the laboratory director. The Program Council develops direct program guidance for
the three-to-five-year planning horizon. It anticipates funding and spending trends and sizes lab-
oratory resources appropriately. It plans for core competency and core support needs and develops
short-term strategies for investment or disinvestment in core competencies and technical support
capabilities. The committee also oversees Sandia’s laboratory-directed research and development
(LDRD) program and resolves cross-sector issues,

Sandia is a member of the National Laboratories Committee on Improving Laboratory Perfor-
mance, a coordinating group made up of representatives of the DOE laboratories, This committee
meets to conduct comparative evaluations and share best practices,

Public responsibility is very important to Sandia and is also an important part of the Leadership
category ol the Baldrige criteria. This responsibility is demonstrated in our policy on the health and
safety of workers and the public as well as the protection of the environment, Our ES&H { Environ-
ment, Safety, and Health) Policy, approved by Sandia’s president, clearly states this responsibility.

Based upon the Baldrige feedback, a multi-disciplinary Sandia tcam developed seven compre-
hensive recommendations for accelerating our rate of progress in quality. The Sandia Quality
Council enthusiastically adopted these recommendations. Relative to the Leadership category, the
recommendation adopted was, “Develop and review at every Sandia Quality Council meeting
metrics that are corporate-wide, results-focused, and customer-oriented.” These metrics provide
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measures of actual accomplishments against goals for important facets of our work and are being
reviewed at cach meeting,

Category 2 —Information and Analysis

Sandia’s quality improvement process rests ona foundation of systems for collecting, analyzing, and
disseminating data and information that will help Sandia better meet its customers” requirements,
Data related to corporate planning, program and project planning, product and service quality,
human resource planning, and compliance performance are used in all three program sect rs, We
use this information to measure, evaluate, and control processes; to forecast performance and
results; and to identify opportunities tor improvement. Each program sector has a support office
to manage such data.

From the Baldrige feedback, the recommendation to “develop a flexible system that facilitates
management decision-making based on data” was presented and adopted by the Sandia Quality
Council. Key managers from the program scctor offices are completing the development of this
systemand have begun to implement aspects of it

Benchmarking, an important clement of this category, cuts across all of the other categories as
well. Again from the Baldrige feedback came a recommendation, now adopted and being imple-
mented, to “benchmark one key process cach from corporate-wide processes, cach sector, core
competencies, and critical support services.” Benchmarking is critical to world-class performance,
and Sandia is measuring its processes against those of leaders in many fields and adjusting accord-
ing to the results.

Category 3 —Strategic Quality Planning

Sandia has engaged in planning for many years. Sandia’s plans have taken an institutional perspec-
tive, describing the range of technical and administrative activities in progress, along with initiatives,
tacilities, and taffing required to pursue new technical work up to five years into the future, These
five-year plans are rolled forward one year ata time. Typically, these documents incorporate contin -
uous trend planning assumptions.

As Sandia approached the 1990s, changes in its external environment began to occur atan aceel-
erating rate. The probability that significant discontinuities might be experienced increased dramat-
ically. In recognition of these new realities, Sandia undertook its first truly strategic planning effort,
We believe that this and subsequent efforts incorporated many of today’s modern quality principles:
continuous improvement, customer satisfaction, employee satisfaction, and quality by design.

Sandia’s first strategic planning effort involved all of its top management team, The effort pro-
duced a strategic plan that was notable both for its visionary contentand for its brevity. The plan
incorporated a mission statement that broadened the Laboratories” traditional focus on the defense
aspects of national security by challenging it to enhance “the security, prosperity, and well-being of
the nation.™ The plan also articulated a statement of corporate values and a set of strategic corporate
objectives. Quality, in all its aspects, was considered and woven into these values and objectives.

To carry through on commitments outlined inits first strategic plan, Sandia created organiza-
tions devoted to quality and to the orderly management of change. [talso developed the Sandia
Quality Policy, stated carlier. Every employee was given a copy of the strategic plan.

[n the spirit of continuous improvement, new planning processes were executed during 1992,
Tosupplement the original strategic plan, we now have a one-page statement explaining the mission,
focus, and approach ol our strategic intent — ... exceptional service in the national interest™ —
developed with input from 120 employees atall levels of the Laboratorics.
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Sandia Sector Management Structure

Develops corporate strategies in the 1-10 year
Sandia Mana gement hOI’-IZ‘On and establishes corporatg goals and

: policies. Integrates corporate policy, plans, and
Council long-term customer needs. Makes major
laboratory and site decisions.

Y
Plans and directs technical programs and core ¢
| Sandia Program §uppon and core competenc){ fupctlons. Provides
! R input to the management of indirect programs.

é Council Creates strategies for program developmentand |
investment or disinvestment in the 35 year horizon. !

Conduct technical programs for sponsors.
Develop customer interactions and satisfy
Program Sectors customer expectations. Ensure core competency
support. Negotiate resource requirements with
division managers.

Execute or support sector programs. Build and
maintain organizational resources and capabilities.

Laboratory Divisions

In parallel with this planning process, Sandia brought in a nationally known firm to performan
employee satistaction survey and analysis. The “Stanck Survey” provided management with much
diagnostic information that has been used to develop training programs and provide feedback on
managerial behaviors. We will repeat this survey to measure the degree to which our efforts have
resulted in greater employee satisfaction.

Weare now engaged in designing our business planning process with quality principles in mind.
Our business plans will, of necessity, focus on customers” needs and the products and services the
Laboratories ofters to meet their needs. Business plans will provide program managers and organi-
rations with clearer direction, and consequently should positively impact employees” satisfaction.

Executive Overview




Category 4—Human Resource
Development and Management

Sandia recognizes that its employees are its most important strategic asset in meeting customer
requirements and fulfilling its strategic intent of “exceptional service in the national interest.” We
are committed to the quality principle that the degree to which Sandia meets the requirements and
achieves employee satisfaction will be the degree to which Sandia meets customers’ requirements,

To support Sandia’s performance in human resource management, we completed our first
Strategic Human Resource Plan in 1992, The plan was developed by a cross-functional team rep-
resenting all parts of Sandia. The team based the plan on requirements gathered from executive
management, a random sample of other managers, and the 1991 Sandia Perspective, which docu-
mented survey results from employees and selected members of management. This plan will guide
ouractions in human resources in four key arcas: stafting, performance management, leadership
and management development, and diversity. The plan will be updated periodically to assure
continuous relevance and a thieve continuous improvement.

Based on the Baldrige evaluation, we developed and adopted the following activity in this cat-
egory: “Use industry ‘best practices’ to establish a corporate education and training program.”
Important elements of this activity include the development of a laboratory-wide education
policy and a mechanism for funding the implementation of this policy.

A second human resources category activity based on the Baldrige evaluation is to “align the
performance and recognition system with the corporate values and sector goals.” Implementation
of this reccommendation began with the establishment of a performance management system for
all vice presidents and directors.

As part of the Baldrige categories involving corporate metrics, we will be conducting regular
employee satisfaction surveys, similar to the 1991 Sandia Perspective survey, to provide more tlex-
ibility in administration and shorter cycle time in responding to results.,

Category 5—Management of Process Quality

Sandia’s approach to managing process quality is tailored to fit the particular product or service
delivered to the customer. We identify customer expectations, clarify them through discussion,
and translate them into specific requirements. Although all program sectors use standard project
management techniques, including multilevel work breakdown structures, task metrics, and critical
path networks, individual approaches will vary depending on the sector and customer requirements.

Ourlargest sector, Defense Programs, has evolved an elaborate prevention-based system to
assure the safety, performance, and reliability of U.S. nuclear weapons. Great rigor, attention to
exacting requirements, well-defined processes, exacting engineering development, and extreme
attention to all aspects of quality have been the hallmarks of this work for over forty years.

Allthree sectors use a graded approach to determining the level of formality to use in meeting
customer requirements. In the Work-for-Others and Energy and Environment sectors, require-
ments for some activities (such as the Yucca Mountain and Waste Isolation Pilot Plant nuclear
waste repository projects) are set by statute,

Customer requirements are often subject to change during the life of programs and projects.
The Baldrige feedback provided us an opportunity to improve in this area and resulted in the
developruent and adoption of a recommendation to “develop a structured but flexible approach
to managing customer interfaces.” The three sectors are implementing this recommendation
through structured approaches to customer interactions, defined responsibility in interactions
with customers, customer databases, and customer satistaction surveys. We anticipate improved
ability to achieve customer satisfaction through these new approaches to customer interfaces.
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Category 6—Quality and Operational Results

In the Defense Programs sector, a key product metric of interest to customers in the departments of
Energy and Detense is the reliability of the weapons in stockpile. The emphasis on reliability starts
with the weapon development program and continues through the entry of weapons into stockpile.
Reliability assessments are made by an organization that is independent of design responsibility.
Continuous quality improvement has led to significant improvements in all indicators, such as
decreases in component failure, decreases in average defects per weapon, reduced need for tests in
the stockpile evaluation program, and a downward trend in investigations of significant findings.

In the Work-tor-Others sector, the Aerospace Systems Development program and the Remote
Sensing and Verification program have identified key measures for product or service quality. For
Acrospace Systems Development, the key measure is the percentage of flight test objectives met. This
measure indicates a continuous trend upward for over twenty-four years. For Remote Sensing and
Verification, mean time between failures for flight payload is measured. This key measurement indi-
cates a tailure rate of less than one per billion operating hours. A mission failure has not oceurred in
thirty years of fielding satellite systems.

Sandia has an excellent history in meeting customer cost, schedule, and performance require-
ments. Success depends on the support of internal organizations including Information Systems,
Purchasing, and Facilities and Maintenance to make this quality success possible. These organizations
are making greater use of customer satistaction surveys to identity and implement opportunities
for improvement.

Quality techniques and the quality ethos are being propagated throughout all Laboratories’ activities. Video technician Regina Valenzuela
was one of those recognized during National Quality Mouth for success in applying quality principles to their work.
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Category 7—Customer Focus and Satisfaction

The Department of Energy is Sandia’s principal customer. The Department of Defense is also a key
customer. There are many other DOE and reimbursable customers for Sandia’s products and services,
Newly emergentamong our customers are private sector partners in cooperative rescarch and devel-
opment and other beneficiaries of our technology transter etforts. Sandia is implementing a process to
manage customer interfaces to achieve continuous improvement in customer focus and satisfaction,
Each program sector has developed specific organizations and processes for providing customer focus,

The development and implementation of the DOE Laboratory Appraisal System for Sandia
was a direct effort to improve the extant appraisal process. We worked directly with DOE to develop
and introduce the improved process. An important aspect of this new process is that DOE co-owners
are invited to attend Sandia appraisal team meetings.

Weare working with DOE on the appraisal process to put greater emphasis on costs. In the
future, funding for nuclear weapons programs will almost certainly decline, and we are using the
appraisal system to jump-start cost reduction activities.

Sandia’s commitments to its Defense Programs customer begin with directives and interagency
agreements and are implemented through tormal requirements, documents, and procedures.
These commitments are for the life of a weapon.

"The primary commitment with work-tor-others customers is the reimbursable agreement
signed by Sandia and approved by DOE. All reimbursable proposals and agreement packages are
reviewed for quality, ability to perform, and adherence to DOE and federal requirements.

The growing number of industrial and other private-sector partners in unclassified research and
development will have profound effects on the way Sandia interfaces with customers. This trend
will require cultural change, changes in procedures for controlling new types of information, and
physical changes to sites and facilities, including the development of more open laboratory campuses
in a research park environment in both New Mexico and California.

Core Competencies

Sandia’s core competencies represent a distinguishing integration of skills, capabilities, technologies,
and facilities needed to perform the Laboratories’ mission and achieve strategic objectives. They make
it possible for the Laboratories to attack a wide variety of technical problems, and they represent a
complex harmonization of individual skills and technologies that would be very difficult for other
laboratories to duplicate. Each of our core competencies makes a significant contribution to the value
of the products and services for which Sandia is responsible, and many groups within Sandia rely
upon the Laboratories’ core competencies to accomplish their work.

Our core competencies model is a matrix of research foundations and integrated capabilitics.
Research foundations provide the technology base on which the Laboratories” integrated capabilitics
depend. Because this technology base represents specific disciplines, each of the foundations can be
managed for optimum utility and technological leadership. Integrated capabilities are more diffuse
and represent endemic and unique laboratory differentiators,

In this model, core competencies are jointly managed at the intersections of the matrix by man-
agers who maintain research foundations and those who exercise laboratory integrated capabilities.

Research Foundations

Engineered Processes and Materials— synthesis, characterization, and processing of metallic,
ceramic, organic, and composite materials: A distinguishing strength of this competency is
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the development of advanced materials and processes that are tailored to meet the specific
needs ofan application. Facilities include the Applied Materials Laboratory, which is jointly
managed by Sandia, Los Alamos National Laboratory, and the University of New Mexico.

Computational and Information Sciences— technologics to advance the state-of-the-art in
computer use while maintaining the accuracy, security, and accessibility of information: Distin-
guishing strengths of this competency include the development of advanced computing networks
and facilities, computational methods for emerging computer technologies, mathematical tech-
niques for information surety, and computer-based techniques for intelligent machines. Facilities
include the Massively Parallel Computing Research Laboratory and Central Computing Facility,

Microelectronics and Photonics— technologies required for the development, fabrication, and
production of microelectronic and photonic devices: Distinguishing strengths of this competency
include materials growth and development, device design, fabrication technologies for silicon

and compound semiconductor devices, and design of processes and equipment for the manu-
facture of integrated circuits. Facilities include the Microelectronics Development Laboratory,
Compound Semiconductor Research Laboratory, and Center for Microelectronics Technologics.

Engineering Sciences — tluid and thermal sciences, solid and structural mechanics, radiation
transport, acrospace sciences, geosciences, and combustion sciences: A distinguishing strength
of this competency is the development of interdisciplinary capabilities and an integrated compu-
tational and experimental approach for solving complex engineering problems. Facilities include
the Fluid and Thermal Sciences Laboratories, Experimental Mechanics Laboratory, Experimental
Aerodynamics Laboratory, Geosciences Laboratories, and the Combustion Research Facility.

Integrated Capabilities

Surety Technology — technology to deliver products that meet the highest levels of safety,
security, and control: Extensive use is made of systems and engineering analysis, computational
modeling and simulation, reliability methods, quality assurance, and safety and probabilistic risk
assessment. Applications of this competency are distinguished by the simultaneous optimization
of safety, security, and control. Examples of these applications include nuclear weapon design
and surety assessment, development of technologies and security systems for the protection of
nuclear materials and facilities, reliability assessment of semiconductor manufacturing equip-
ment, and probabilistic risk assessment of nuclear reactors.

Experimental, Computational, and Analytical Evaluation — experimental, computational,
and analytical methods to perform the numerous kinds of evaluation that are required during
the development, production, retirement, and disposal of engineered systems: The required
types of evaluation include problem solution, performance validation, process design, and
system safety and reliability assessment. Applications of this competency are distinguished by
an integrated use of engineering mechanics, physical simulation and testing methods, compu-
tational and numerical methods, risk and safety assessment methodologies, and measurement
and diagnostic techniques. These applications often require expertise ranging from funda-
mental research through full-scale system testing,

Advanced Manufacturing Technology— technology to meet the manufacturing needs of

U.S. industry and the nuclear weapons complex: Examples of such needs include concurrent
engineering, intelligent machines for hazardous and flexible operations, computer-aided
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design/engineering/manufacturing, engineered processes and materials, environmental pro-
tection and control, and an infrastructure to support product realization. The applications of
this competency are distinguished by an emphasis on precompetitive research and develop-
ment for market-driven technologies, which are guided by the reconfiguration of the nuclear
weapons complex and industry-led consortia such as SEMATECH, USCAR, and the Spe-
cialty Metals Processing Consortium.

Pulsed Power Technology — technology to generate and apply energetic beams and high-power
energy pulses: It is distinguished by the development of repetitive pulsed power technologies,
x-ray and energetic beam sources, and electromagnetic and radiation-hydrodynamic codes
for a wide variety of applications. Examples of these applications include nuclear survivability
and hardness testing, light-ion beam inertial confinement fusion, materials processing, waste
and product sterilization, and food purification. Facilities include the Saturn X-Ray Source,
Hermes 111 gamma ray source, and the Particle Beam Fusion Accelerator I1.

Engineered Systems— technologies to design complex, relatively unique products to meet
customer needs that may be only partially defined: This is accomplished by integrating the
engineering design disciplines with the fabrication and production technologies required to
implement a design as a real product that meets a specific customer need. This competency is
distinguished by the ability to catalyze and focus research, systems studies, and engineering
design on the unique challenges presented by the requirements of the customer. It also provides
the crucial link between our technical and infrastructure capabilities that results in prototype
development, testing, documentation, and transfer of production capability to the customer.

In addition to providing the basis for the products and services Sandia provides to its customers,
our core competencies also serve as a continuing source of new initiatives. An example is the initiative,
Technology Information Environment for Industry (TIE-IN, see page 5-31). The objective of this
initiative is to extend the benefits of Sandia’s diverse scientific and engineering capabilities to the six
million small and medium size companies in the United States. Its success will depend critically on
advances in the Computational and Information Sciences and Engineering Sciences research foun-
dations, as well as the Surety Technologies and Experimental, Computational, and Analytical
Evaluation integrated capabilities.

Funding for the enhancement of Sandia’s core competencies is obtained from multiple sources,
including the Defense Programs Research and Development program and Basic Energy Sciences.
Additionally, Sandia has earmarked a significant fraction of its Laboratory-Directed Research and
Development program for enhancing core competencies. When a proposal is submitted to this
program, it is reviewed for its technical content and potential contribution to the strength of Sandia’s
core competencies. Only proposals that exhibit technical excellence and hold potential for advancing
the Laboratories’ core competencies are funded.

Facilities

The Laboratories” executive management offices and larger laboratory complex are on Kirtland Air
Force Base at the southeastern edge of Albuquerque, New Mexico. This site, referred to as Sandia/
New Mexico, comprises five technical areas and an expansive outdoor testing field covering 17,750
acres. This location benefits from its proximity to other major defense laboratories and testing
facilities and the emergent high-technology industrial climate in the Rio Grande research corridor,
Another Sandia laboratory complex in Livermore, California, occupies 413 acres at the eastern
edge of the San Francisco Bay area. The site benefits from its proximity to world-class research
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universities and the intense high-technology environment of the region. Sandia/California is strate-
gically important to the Laboratories’ missions by serving as a window to the leading industrial
centers of the West Coast and a connection to the challenges of twenty-first-century urban America.

Sandia operates a wide variety of technical facilities, the collection of which constitutes one of
the world’s premier rescarch, development, and testing complexes.

Extensive research laboratories in the physical and chemical sciences, materials and processes,
computational and computer sciences, microelectronics and photonics, pulsed power, and the
engineering sciences contain the most modern instrumentation and laboratory equipment. Simi-
larly, extensive engineering development laboratories contain unparalleled facilities for component
development, particularly in electronics, manufacturing, and processes.

Collectively, Sandia’s array of environmental testing facilities is not duplicated anywhere in the
world. In addition to shock, temperature, vibration, and acceleration test facilities used to subject
a variety of components and systems to a wide range of extreme environments, the Laboratories
operates a variety of special-purpose test facilities, some of which are unique. Examples include a
radiant heat facility; a multiple-stroke lightning simulator; a low-field, broadband electromagnetic
radiation facility; blast tubes capable of operating from 1 to 2000 pounds per square inch; a facility
to provide large quantities of molten metal oxides for studying nuclear reactor accident conditions;
light-initiated and other high explosives test facilities; a 5000-foot aerial cable for impact tests; a
10,000-foot rocket sled track; and two of the world’s largest centrifuges.

Many of Sandia’s specialized facilities constitute major national resources, utilized for a variety
of both defense and nondefense research and development programs. A few examples include:

o A full range of computing tacilities, from modern workstations to the leading capability in
massively parallel computing, to support the Laboratories’ pervasive use of computation for
the simulation and modeling of complex phenomena and concurrent research, development,
and engineering;

e A sophisticated multi-vendor corporate inter-network and comr: unications infrastructure
providing ready access to Sandia’s supercomputers and storage servers from both the California
and New Mexico locations and their distributed networks;

o Robotics laboratories for basic scientific research and engineering development of prototype
advanced systems with application to DOE weapon production efforts, START-mandated
nuclear weapon dismantlement activities, and to retrieving and repackaging radioactive
wastes;

o Facilities and equipment to study semiconducting and other specialized materials, including
the Center for Microelectronics Technologies and the Integrated Materials Research Laboratory;

o Advanced facilities for materials synthesis and growth, processing, and diagnostics, includ-
ing molecular beam epitaxy and metallorganic chemical vapor deposition growth, accelera-
tors for jon-beam analysis and ion implantation of surfaces, solid-state and gas-phase lasers
for spectroscopy and remote sensing, and numerous surface analytical techniques for
microstructure and materials property analysis;

o Advanced manufacturing technology capabilities —including the Integrated Manufacturing
Technologies Laboratory and the National Center for Advanced Information Components
Manufacturing — for developing integrated and agile solutions to manufacturing problems
with both industrial and government partners; dual-use and commercial relevance are priority
requirements as we look to the future;
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A technician extracts a 6-inch diameter silicor disk from a metal deposition system at Sandia’s Microelectronics

Development Laboratory ciass-1 clean room.

o The Combustion Research Facility m California, which is addressing problems in combustion
science, energy, and the environment;

e The National Solar Thermal Test Facility and other solar thermal facilities for testing both
central and distributed receivers and studying high-temperature materials and processes;

e Anadvanced photovoltaics facility for testing both fat-plate and concentrator systems;

o Reactor facilities to simulate internal environments of power reactors and to evaluate the
effects of nuclear weapons on components;
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o Pulsed-power accelerators -— including the Particle Beam Fusion Accelerator [T (PBFA L),
the Saturn x-ray simulator, and the Hermes HI gamma-ray accelerator— to simulate nuclear
weapon effects and to study pulsed power approaches to fusion energy; and

o Dedicated facilities and test equipment at DOE’s Pantex plant in Amarillo, Texas, for quality
assurance and stockpile evaluation operations.

Sandia’s 900 buildings provide laboratory, shop, and oftice floor space of approximately 5.9
million square feet, most of which is located on about 30 square miles of the southern part of Kirttand
Air Force Base. At original acquisition cost, the facilities available at Sandia represent nearly $1.5
billion of U.S. government assets, consisting of about $900 million in capital equipment, more than
$500 million in buildings and structures, and more than $50 million in utilities and land improve-
ments. The investment in technical equipment amoun s to more than a quarter million dollars per
technical employee.

As its mission evolves, Sandia, like other national laboratories, is working much more closely
with U.S. industry than ever before. Relationships with industrial partners require easier site access
and appropriate security management. We are exploring concepts for changes in campus configura-
tion at both our New Mexico and California sites to facilitate access by industrial users. Changes
are likely to affect classified and unclassified business areas, traffic circulation, parking, and other
infrastructure. A significant investment will be required to perform this site conversion work to
improve the logistics of working closely with industry on national, industry-lead initiatives.

Staff

Even more than the laboratories and facilities, the heart of every research and development organi-
zation is its technical staft. Our nearly 5,300 technical personnel are drawn from all disciplines of
engineering and the phvsical sciences. Averaging almost 15 years of service to the nation, the staft
represents an impressive store of almost 78,000 man-years of experienced technical talent. That
reservoir of expertise has produced more than 60 patents during the past two years alone.

About 60 percent of the 3,750 Members of Technical Staft have engineering backgrounds, with
the majority holding degrees in electrical, mechanical, or chemical engineering. The remaining 40
percent provide expertise in a variety of technical disciplines, including nuclear engineering, mathe-
matics, physics, computer science, acronautics, and materials science. Almost 80 percent of the
Members of Technical Staft have earned graduate degrees, 45% of which are Ph.D.s, many
awarded by the very top universities.

Supporting the professional technical stattare 1,550 technicians who bring to our work
hands-on technical experience across a variety of technical specialties. Administrative and indi-
rect support is provided by more than 800 Members of Laboratory Staft, 900 Administrative Staff
Associates, and 1,550 graded employees whao perform the many necessary security, craft, mainte-
nance, and clerical functions,

While most of our nearly 8,600 employees are based in New Mexico, about 1,000 are
employed at our California facility; another 150 personnel comprise small groups at the DOE
Pantex plant in Amarillo, Texas, and at our testing sites at Kauai and Tonopah.

By being greater than the sum ofits parts, the exceptional combination of outstanding techni-
cal staff and unmatched research, development, and testing facilities continues to permit us to
leverage technology to address important national problems.
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Laboratories Strategic Plan

Sandia was chartered in 1949 with the sole purpose of supporting the development, production, and
stockpiling of nuclear weapons. Today, Sandia National Laboratories is an extensive, multiprogram,
multiple-location, research and technology development organization. The genesis of Sandia’s tech-
nical diversity can be traced to its attempts to stay ahead of what Theodore Levitt called “fast history™

More than ever before, [organizational] survival and success require getting comtortable with a
rapidly arriving and disruptive future, but a future that cannot be specifically foretold . . . Things
change and always have changed. Fast history is an environment of intensifying and unexpected
changes, of rapid acceleration. This creates special problems and also special opportunities.!

To help prepare for a future with diverse new challenges, management established a formal strate-
gic planning process in 1989. In early 1990, Sandia’s first high-level strategic plan was developed,
beginning a process of reassessment and cultural change throughout the organization. (We expect
to revisit and update the high-level strategic plan in the fall of 1993 after Sandia’s new managing
contractor takes over.)

In 1991, management continued strategic planning with an examination of the Laboratories’
strategic intent and core competencies. After the DOE Tiger Team visit and assessment that year,
management refined its strategic intent and commissioned an exhaustive reevaluation of core
competencies that continued through 1992 and into 1993. In 1993, the Laboratories’ programmatic
sectors began formalized program planning. The cumulative results of Sandia’s concerted planning
efforts are presented in this chapter.

Situation Analysis

We live in a time when changes in national priorities are creating unrest and anxiety. The outlook
for the nation’s long-term economic vitality is unclear. The American public is becoming increas-
ingly averse to risk, Many people doubt the veracity of the policy-making process and question the
value of government-supported institutions. Confidence in science and technology is diminishing,
A principal impediment to increasing prosperity and employment in the United States arises
from the aspirations, energies, and competencies of other nations that appear to be managing their
national resources more strategically than we. The aspirations of other nations cannot and should
not be ignored. In the long run, our nation may well benefit from the intensity of effort demanded
by global competition and the resultant technological progress. While technology by itself cannot

FTheodore Levitt, Thinking About Management, The Free Press, New York, 1991, p. 70.
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ensure cconomic growth, itis certainly a major determinant of environmentally sustainable prosperity
inany industrial socicty, However, scientific and technological activities do notautomaticatly enhance
prosperity in direct proportion to the nation’s investment in those activitics.

Weare beginning to understand that spontancous creation of national wealth from the fruits
of scientific inquiry and technological exploration is simply too slow and inefficient a process in
today’s fast-paced, ruthlessly competitive global cconomy. While scientitic rescarch may stimutate
revolutionary discoveries, it does not, by itself, provide the linkages and incentives for sustained
commercial exploitation of new breakthroughs.

Given this understanding, and the increasing skepticism of the public, it is no surprise that the
sociad contract that has guided the ULS. scientific and rescarch community is changing. As Hagships
oft! »research community, the Department of Energy national laboratories are confronted with the
challenge of focusing their science and technology to provide tangible benefit to the nation’s economic,
infrastructural, and social spheres to a degree that will help sustain prosperity over the long teem.

The Secretary of Energy stated our challenge thus:

Our challenge within the Department of Energy, and its national laboratorics, is to draw out
the vast and diverse technological capabilities that have been amassed over the past five decades
in the interests of defense needs, scientific investigations, and energy rescarch, and to structure
new ways to quickly support the important national goal ot enhancing our economy and
international competitiveness.:

in accepting this challenge, we must avoid the hubris of believing that technology can solve all
problems. Technology provides tools; the cultural, social, and political dimensions of our national
problems must be properly addressed to permit effective utilization of these tools. Maoreover, some
national problems simply cannot be ettectively addressed by technology.

Still, there are technical dimensions to most large-scale national problems. A systems approach
that integrates supporting technologies in an interdisciplinary, muhi-agency, muhti-sector assault
may hold the only realistic hope of solution for some probleins, Opportunities abound for sub-
stantive technical contributions. Arcas in which the DOLE rational laboratories can increase their
impact on national well-being include military security, energy and environmental security, and
economic security,

Military Security

The global power equation has changed dramatically. The consequences of that change have torced
national security planners to rethink the fundamentals of our strategic posture.

The domestic political climate has also shifted. Atatime when it has become difficult to foresee
world events that may aftect the security of the nation, we are constrained to plan and act within
strict policy and cconomic limits. The expression of a pent-up demand tor the federal government
to address issues of economic competitiveness, energy supply, and environmental quality has seized
the attention of policy makers.

The tederal government and the DOE national laboratories face great difficultics in susiaining
the nuclear weapons capability that constitutes our fundamental strategic deterrent. The economic
pressures on the federal budget are tormidable, and the defense community will not be insulated
from them. Indeed, the new cconomics of defense dictate a rapid downsizing of defense industry
capacity, with the nuclear weapons complex bearing its share of the burden,

*Testimany betore the Senate Committee on Energy and Natural Resources, March 23, 1993,
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Atthe same time, we recognize that the deterrent value of the nuclear weapons stockpile depends
on the confidence that the United States, its allies, and any potential adversaries have that these
weapons will function reliably it required. Yet, as we move into the twenty-first century, many weapons
in the stockpile will be reaching the end of the litetimes for which thev were designed. Tt will be
necessary to discover the ettects of aging and engineer replacements or modifications for critical
components in those systems that will not be replaced by new designs. Tt will also be necessary to
make greater use of commercial sources for such components,

The advanced age of most nuclear weapon production plant and equipment and the emergence
of stringent new environn ental laws and regulations require a major reconfiguration of the nuclear
weapons complex into a smaller, mrodern, more efficient, and more environmentally wppropriate
form. The success of reconfiguration will depend on the development and introduction of new
production and waste management technologies, on installation of a modern capability for agile
manufacturing and concurrent design, and on the development of alternatives for materials and
processes that must be discontinued.

Surety i~ a term that embraces the safety, security, and use-control features and issues associated
with nuclear weapons. The Department of Energy has continued to refine the definition of surety
roles, responsibilities, and processes to guide surety programs and facilitate accurate dual-agency
surety evaluations. Production of new weapons and modification of existing warheads will continue
to be prioritized to emphasize nuclear detonation safety, plutonium dispersal safety, and enhanced
security and use control. Research and development will continue toward the realization of weapon
architectures that provide intrinsic satety and enhanced security and control.

Attention will be devoted to the need for evaluating the response of U.S. weapon systems and
components, both nuclear and nonnuclear, to nuclear weapon eftects. With the President’s extension
of the moratorium on nuclear testing, the urgency of aboveground simulation to assure the relia-
bility of the enduring nuclear weapon stockpile has become apparent. There is a need for sustained
support during the remainder of the decade to develop, build, and bring on-line the simulators
necessary to produce the full range of nuclear effects against which our own weapon systems must
be made survivable.

The development of strategies for veritying compliance with arms control treaties and containing
the proliferation of nuclear weapons technology and capability is both complex and urgent. Suc-
cessful verification and nonproliferation measures depend on our ability to sense weapon-related
activities, to manage the deluge of data produced by sensors, to recognize and interpret relevant
data, and to convey results in a manner that facilitates decision-making for appropriate responses.
Great value will be placed on the technologies of microelectronics, high-performance computing,
and information surety, together with the capabilities of systems engineering and integration.

Economic constraints dominate strategic thinking as we face the requirement to preserve
nuclear weapon development capability while the companion requirement for nuclear weapon
production capacity declines to a lower plateau. The nation simply does not have the resources to
pay the full cost of sustaining these twin requirements from the expected level of nuclear weapons
program resources alone. Since the technology base that supports nuclear weapon development
and the nuclear weapons stockpile embraces core competencies that can readily serve civilian and
commercial applications as well, all realistic strategies tor managing this issue involve some torm
of dual-use technology development.

Indeed, the application of limited resources will have to be reinforced further through multiple
use. Technical resources applied to DOE’s defense-related missions will have to be leveraged
through application to other DOE mission arcas. These same resources will be multiplied further
through application to the needs of the private sector. This approach seems to be the only ¢ ractical
way to preserve the capabilities required for a smaller but viable nuclear weapons program while
contributing materially to the strength of the U.S. economy.
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Energy and Environmental Security

The U.S. economy is energy-driven and environmentally controlled. To remain globally competitive,
the nation will benefit from integration of energy, environment, and economic development on a
large scale. Economic growth will depend in large part on revolutionary changes in technology asso-
ciated with manufacturing and transportation, both of which have critical energy and environmental
aspects that the United States will be forced to address,

There is a growing, worldwide concern for the environment, which drives a demand for rescarch
in energy conservation, alternative ways of treating and disposing of hazardous and toxic wastes,
and reduction of the environmental consequences associated with energy supply and use. Identifying
waste reduction technologies and practices has become critically important in enabling the U.S.
manufacturing sector to maintain a competitive edge in the global market.

The Department of Energy will maintain a very large effort in environmental restoration and
waste management within the nuclear weapons complex. Technology developed in support of this
etfort will be developed with industrial partners to facilitate expeditious application to other waste
sites and develop a strong U.S. environmental industry.

Economic Security

Most economists consider the revival of the U.S. manufacturing sector to be a necessary precondition
for future economic security. Applying laboratory competencies to the advanced manufacturing
technology needs of industry is an efticient vehicle for implementing our strategy of multiple use.

Because of our responsibility for manufacturing technology for the nuclear weapons program,
Sandia has become a living laboratory for the technology required by the new paradigm of agile
manufacturing. Much of what we have accomplished in the weapons program for DOE is directly
applicable to agile manufacturing in the civilian sector,

New waste reduction technologies are critically important in enabling the U.S. manu.acturing
sector to achieve a competitive edge in world markets while meeting the rising environmental
expectations of our citizens. Environmentally conscious manufacturing minimizes hazardous waste,
reduces energy consumption, utilizes materials more efficiently, and improves the operational
safety of manufacturing processes. It offers economic leverage over the traditional approach of
“produce first, manage waste later.” The inefficiency of the traditional approach is clearly visible
in the sizable, long-term DOE program for environmental restoration and waste management
within the nuclear weapons complex.

[n helping to meet tomorrow’s challenges, the DOE national laboratories can and will make a
real difference, but not by chance. Once in a great while there appears a window of opportunity to
implement a change in paradigm, and such an opportunity exists today. If the national laboratories
are to realize their full potential as an economic factor, they will have to move closer to the main-
stream of industrial development. The imperative is to reconnect, quite deliberately, advances in
fundamental scientific understanding and technological innovation to the real marketplace of
global competition. The laboratories are strategically positioned in terms of technical capabilities,
size, and established relationships with government, academia, and (increasingly) industry, to
catalyze large-scale rescarch and development collaborations among public and § ivate institutions.

The Defense Programs national laboratories were extremely effective when the nuclear mission
(with its diverse applications: nuclear weapons, nuclear energy, nuclear medicine, etc.) was clearly
defined. The aboratories attacked problems through a vertically integrated organization, stretching
from fundamental science to engineering solutions. Today, the needs and missions are not so crisply
defined —or perhaps they are just more interdisciplinary —and the national laboratories are capable
of contributing far more than they are currently delivering. Basic rescarch is still producing world-
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class science, but as the original product tocus has become diftfuse, much of the research eftort has
become decoupled from real applications, and its impact on industry and society has been diminished.

The national laboratories’ operational performance has been subject to mounting criticism.
The continuing value of the government-owned, contractor-operated arrangement has come
under increasing scrutiny.,

Unfortunately, very few objective standards are employed to measure the laboratories” p. . for-
mance. National laboratories will increasingly be evaluated by the nation’s private sector. In partner-
ship with government, the private sector will become dominant as a consumer of the laboratories’
products and services, under the general rubric of technology transter.

Technology transfer is a more complex, more inclusive process than the name alone might
indicate. The process can be accomplished using several distinet channels:

® Broad DOE mission-related technology development

o User facilities

o Visiting scientist/engineer programs and educational outreach
e Information dissemination

® Cooperative rescarch and development agreements (CRADAs)
¢ Creation of technology-based start-up companies

Each of these channels has been shown to be
eftective. The CRADA mechanism in particular
has increased technology transfer opportunities
dramatically because it permits laboratory
capabilities to be accessed even by industries
whose products are not directly related to DOE
programs. By the end of the first quarter of cal-
endar year 1993, the Department of Energy had
entered into approximately 370 cooperative
rescarch and development agreements; Sandia
National Laboratories is a party to almost one-
third of those agreements.

Each of the DOE national laboratories is
distinguished by the depth and breadth of its
technology base: its core competencies. These
core competencies are, for the most part, well
matched to both the near-term and long-term
technology needs ot industry. The challenge
that confronts the laboratories is how to confer
maximum cconomic benefit from the dual-use
character of laboratory core competencies.

There are tour principal questions that need
to be addressed in responding to this challenge:

1. How will DOE mission responsibilitics
evolve in the future, and what impact
will these mission changes have on lab-
oratory core competencies and related
capabilities? (That is, How will the mis-
sion changes affect the value of labora-
tory core competencies to U.S. industry?)

Laboratories Strategic Plan
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How should the impact of Taboratory technology transfer efforts be assessed?
How can technology transter be provided with a suitable, sustainable level of tunding?
How can the CRADA process be improved to respond better to industry’s needs?

Pl i ]

One obstacle to an effective response to these questions is the threat of “business as usual.”
“Business as usual™ means a continuation of the situation in which various constituencies of the
science and technology community clamor for a larger share of the tederal rescarch and development
budget on the basis of their individual “unique” technical capabilities. Consequently. “business as
usual” leads to fragmentation of federal research and development investments, duplication of
effort, lack of responsiveness to market-driven industry needs, and inaccurate alignment of federal
agency mission responsibilities with national needs and priorities. It also keeps in place the barri-
ers that impede constructive interaction between our nation’s scientific and business interests.

Many of the best opportunities to apply the technology base at the Department of Energy
national laboratories will be missed if we continue to do “business as usual.” The federal government
will geta poor return on its investment if it facks the courage to break down the obstacles that impede
access to the Department of Energy laboratories by other federal agencies. Opportunities will be
missed if the laboratories lapse into internecine competition for set-asides to fund participation in
along list of small CRADASs that lack a strategic theme. And they will be missed if the imperative
of reduced defense spending is compounded by a reluctance on the part of the federal government
to embrace a multiple-use strategy for preserving the technology base of the national laboratorics.

Ifwe do not change this business-as-usual mentality, small, low-impact CRADAs will likely pro-
liferate. Much good work will be done and anecdotal evidence of the value of federal rescarch and
developmentin support of industry will be trumpeted. But we will fail to make a measurable differ-
ence in the outcome of the economic battle in which our nation is engaged. Even large-scale joint
efforts with individual industrial companies will not change that conclusion. Such efforts will inevitably
collide with our ideological national aversion to tederal cooperation with the private sector,

Federal research and development investment in support of cconomic competitiveness will
achieve maximum return when at least two critical requirements are met:

1. The investments must target major national technology goals that are market-driven,
industry-defined, and precompetitive.

2. The investments must lead to a high degree of collaboration among industry, university, and
federally supported laboratories utilizing government-industry cost-sharing arrangements
to the extent possible.

Realizing the full potential of federal participation in addressing the goals set by industry will
require a degree of intra-agency and interagency cooperation and coordination greater than has
yet been demonstrated. However, satistying these requirements has been made more feasible by a
rapid expansion in the scope of cooperation in the nation’s high technology industries and by the
attendant growth in joint industrial rescarch and developmentactivities. Encouraging evidence
for this trend includes the emergence of broad industrial alliances along with precompetitive tech-
nology strategies or “road maps.”

Our focus on large-scale cooperation should not be construed as a denial of the continuing
value of small CRADAs that respond to targets of opportunity. Neither should we overlook the
importance of other modes of federal involvement in the diverse technological enterprises from
which the nation draws so much economic strength. We are highlighting the need to break down
barriers that have traditionally impeded the flow of creative energy from beneh-scale science to
products and services that can meet the challenge of global competition. There is an urgent need
to get on with the task of mobilizing our scientific and technological resources for a coordinated
attack on our highest priority, market-driven, technological challenges.
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Strategic Issues

The analysis of the global, national, and institutional situation presented above highlights many
issues of strategic importance, [n resolving this collection of concerns, we believe that the princi-
ples of total quality management should apply. The focus should be on'identifying and exceeding
customers’ requirements tor performance, schedule, and cost. The commitment should be to
continuously improve our collective ability to meet the needs of the nation for military, energy,
environmental, and economic security. The path should be to design quality into all the processes
by which our institutions refate to each other and by which we create value tor our customers, The
judgment ofwhether we have achieved what we set out to achieve should be determined through the
application of nationally recognized, objective performance standards. The need to apply these qual-
ity principles in all that we collectively do is, tor Sandia, the overarching strategic issue and concern,

Under that broad umbrella, we have looked hard at ways to maintain the nuclear weapons
competence needed to support the nation’s posture of strategic deterrence. The analysis above
has pointed to our adoption of a strategy of multiple-use as the only sensible way forward. We
encourage enthusiastic support for this strategy by the Department of Energy.

Our dedication to technology transfer and our experience with cooperative research and
development agreements (CRADAs) lead us to recommend that the Department of Energy and
the laboratory community work together to improve the CRADA process to respond better to
industry needs. Inaddition, more work could be done to encourage fuller participation of univer-
sities in CRADAs.

Webelieve that cooperative research and development agreements will remain important
vehicles tor technology transter for the foresecable future. To the degree that CRADAs are built
around themes that are identified by industry and market-driven, the value of the CRADA mech-
anism for technology transfer can be improved.

As our situation analysis illustrated, now is not the time for institutions to engage in destructive
turt battles. Cooperation and collaboration should include federal government agencies, industry,
academia, and the laboratories. There is much that needs to be accomplished, and much opportunity
for all of our nation’s technical institutions to contribute. Performance is the only metric that has
value for determining who plavs and who sits on the sidelines.

These institutions should work together to explore eritical issues that are standing in the way
of progress:

® How doweorganize and direct larger, more focused efforts involving more extensive teaming
arrangements among government, industry, university, and laboratory participants?

¢ Howdo weassure politically acceptable fairness ot access to publicly supported resources
and avoid conflicts of interest?

¢ How doweincrease tederal tunding to required levels, without necessitating incremental
appropriations that our nation cannot atford (i.c., How do weadjust our priorities?)?

® | low dowe establish objective measures of performance for the laboratories and universities
asa guide to government and industry investment decisions?

Asctforts are made to lower the institutional barriers to cooperation and callaboration and
more effectively harness the technical resources of the nation, plans should be judged against
appropriate criteria to ensure that progress already made is not undone. We suggest the following
items as criteria that would be usetul in this application:

1. Will this eftortimprove the efficient utilization of existing federal rescarch and develop-
mentassets inserving the national interest?

Will the eftort encourage teamwork among federal agencics, universities, US. industry,
and the national laboratories?

1o
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3. Willindustry accept the terms of this effort and participate in the activities it calls for?
4. Will this effort contribute to maintaining at the leading edge those core competencies of
the laboratories needed for the defense mission while addressing needs in the civilian sector?

Vision and Strategic Objectives

At Sandia, we believe that change presents opportunity. The Sandia of yesterday is recognizable
today only in the strength and diversity of its core competencies and in the way it does business.
The Sandia of tomorrow will continue to provide “exceptional service in the national interest.”
Our basic culture of excellence and performance will prevail, but our customers, and their expec-
tations, will change. Our adherence to the principles of total quality management will cause us to
remain aware of, and perhaps anticipate, our customers’ changing expectations. We will continu-
ously improve our processes, products, and services and continue to design quality into them. We
will assess our performance as a laboratory against objective, nationally recognized standards.

We envision a future in which we remain dedicated to the technical stewardship of the nuclear
weapons stockpile, with emphasis on reliability and surety. The nuclear weapons complex will be
downsized significantly from what it is today, but will also be streamlined and more efficient. Dis-
mantlement and production activities will be carried out in a safe and environmentally conscious
manner. The nuclear weapons complex will depend heavily on commercial suppliers for components
and subsystems used in any limited production or system upgrade work. Environmental restoration
and remediation at sites throughout the nuclear weapons complex will benefit from the application
of appropriate technology.

Sandia will rely on its core competencies to carry out its responsibilities in this vision. We will
stretch and grow those competencies through synergistic application to the nation’s broader needs
for economic growth and competitiveness, as well as energy and environmental security.

We will find ourselves linked with other national laboratories, universities, and industrial
partners in many of our endeavors. We will tocus on meeting the technology development and
application needs of entire industries, guided by industry-defined, market-driven technology
road maps. Many government agencies will be involved in these collaborative ventures, and DOE
will play a leadership role among them.

Access to Sandia will be user-friendly, although classified or proprietary information entrusted
to or generated by Sandia will continue to be appropriately protected. We will have developed
appropriate means by which to share and protect proprietary information. Sandia will have fully
integrated information and computing capabilitics. Our facilities will permit collaborative work
among Sandians, university researchers, and technical experts from industry.

Regardless of who Sandia’s new operating contractor will be, the government will be best served by
retaining the government-owned, contractor-operated arrangement under which most Department
of Energy laboratories have functioned for many years.

A few years ago, Sandia developed its first strategic plan, Strategic Plan 1990. While some of the
planning assumptions on which that plan was based are now outdated, the strategic objectives laid
out in the plan remain as relevant as they were when they were written:

1. Achieve an empowered Sandia culture: Sandia will be a customer-oriented, energetic,

dynamic, enthusiastic, participative organization in which people have the freedom to

have impact.

Demonstrate Sandia teadership with comprehensive, innovative, creative, and cost-ceffective

solutions in areas of vital national importance.

3. Exhibit leadership in defining, creating, and exercising stewardship of the nuclear
weapons stockpile for a changing world.

(3]
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4. Become a national leader in quality and quality progress.
5. Strengthen and broaden the Department of Energy’s mission,

Within the last year, Sandia’s top management team reiterated the Laboratories’ strategic intent,
originally articulated by President Harry Truman: “.. . exceptional service in the national interest.”

Sandia enhances the security, prosperity, and well-being of the nation by responding to the
challenges and opportunities of an increasingly dynamic and demanding world with broad-based
research and development programs that create solutions spanning military security, energy secu-
rity, environmental integrity, and economic competitiveness.

Achieving our strategic intent and the Laboratories’ strategic objectives will help us realize this
vision.

Laboratories Strategy

In pursuing our strategic intent and our strategic objectives, we adhere to modern quality principles
and our corporate values,

Modern quality principles demand four fundamental commitments:

® Delight the customer. (Exceed the customer’s expectations and requirements for performance,
schedule, and cost.)

¢ Continuously improve. (No process, product, or service is perfect, and efforts to identify
and implement improvements should be made on a continuous basis.)

® Design quality in. (It is much more effective to start from a quality perspective when bringing
up a new process, product, or service than it is to make fundamental re-adjustments later.)

o Satisfy employees. (1t has been shown repeatedly that the three imperatives listed above are
virtually impossible to achieve without making it possible for employees to achieve satisfaction
in their working lives.)

Modern quality principles also drive organizations to assess their performance through
benchmarking against world-class counterparts, as well as against objective, nationally recognized
standards (e.g., the Malcolm Baldrige National Quality Award criteria).

Sandia’s corporate values constitute a framework for decision making at all levels of the Labo-
ratories. These values have found their way into all our operations and considerations:

® Teamwork

¢ Integrity

¢ Quality

o Leadership

® Respect for the individual

On the premise that corporate strategies are guides to decision making and action, it is fair to
say that modern quality principles and our corporate values envelop this laboratory.
We divide our strategy into five broad categories:

Customer Cognizance of our Capabilities

Conception and Development of Laboratory Capabilities
Increasing Productivity and Impact

Organization and Management

Resources

w o —
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Customer Cognizance of Sandia’s Capabilities

Established customers in the departments of Energy and Defense are well aware of Sandia’s strengths.
Processes and controls are in place to ensure that our established customers’ requirements are
met. Our intent is to continuously improve those processes and delight those customers.

The technology transfer program has permitted and encouraged us to make untraditional
customers similarly aware of these same capabilities and of the novel ways in which they can be
applied. We have pursued this opportunity aggressively.

In large part, CRADA partners select Sandia because it can solve specific technology problems
of interest to them. While such work is very important, especially to small and medium-sized
companies, Sandia’s strategy is to create even greater impact. Consequently, we will focus on several
high-leverage strategic initiatives. (These initiatives and their component programs and projects
are described in greater detail in chapter five, “Major Initiatives.”)

Advanced Manufacturing Technology — Elements of this challenge involve concurrent
engineering and agile manufacturing. Virtual companies and factories are also part of the
challenge, in which information surety and computer-driven manufacturing play a large part.
The challenge also involves total systems manufacturing, which minimizes energy consump-
tion, waste generation, and environmental impact, while maximizing the recyclability of the
products and byproducts manufactured.

Electronics— Electronics is the largest industry in the world and the largest provider of quality
manufacturing jobs in the United States. Electronics underlies all high-technology areas.
Advances in semiconductor technology, in such areas as process integration, materials and
processes, equipment design and modeling, interconnections, packaging, lithography, and so
forth, are required to maintain the United States at the forefront of the electronics industry.

Information and Computational Technology — This challenge is an enabling one in that
establishment of a ubiquitous information infrastructure allows the accessibility and power of
information (data, text, graphics, voice, video, etc.) to enable a host of applications. High-
performance computing, high-speed networking, information surety, location transparency,
communications protocols, data compression, etc., are all components of this challenge.

Transportation Energy Technology and Infrastructure— Advanced transportation will
encompass improvements in both mass and personal transportation systems. High-speed
mass transit will require enhanced aeronautical technologies, advanced ship designs, magnetic
levitation technologies, advanced propulsion systems, and more. Personal transportation will
involve the development of “green” vehicles using alternative fuels, recyclable materials, energy-
efficient propulsion systems, advanced battery technologies, and so forth. The transportation
infrastructure must be improved using technology to advance the design, construction, and
maintenance of intelligent roadways, railways, runways, and harbors.

Environmental Technology — Environmentally conscious manufacturing, waste minimiza-
tion, waste transport, and recycling technologies will continue to grow in importance as the
world pursues a vision of sustainability. Advanced, cost-effective technologies will be required
to remediate existing environmentally degraded sites, for water and air purification, and so forth,
Activities related to the global climate will involve monitoring, analyzing, and “controlling”
the changes that occur in the carth’s atmosphere, using advanced sensors, high-performance
computing, detailed physical and chemical models.
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Energy Research and Technology Development— Viable renewable energy technologies with
low environmental impacts will be an important part of our nation’s energy mix. In addition,
cleaner and more efticient utilization and recovery of petroleum fuels and coal must be developed,
because these sources will continue to be the most heavily used for some time.

Biomedical Systems Engineering— Application of systems engineering, diagnostic/sensors,
bio-engineered procedures, computer-designed pharmaceuticals, computer-analyzed scans,
etc., will be required as part of the nation’s health care cost-cutting measures. Eftectiveness of
health care delivery can be improved through application of information technology to reduce
administrative costs and improve access to records, diagnoses, and information.

Post-Cold War Defense Imperatives— We must improve our national capability to detect and
characterize the clandestine development or illicit acquisition of weapons of mass destruction,
Moreover, we must develop facilities that will permit us to maintain the credibility of the nuclear
weapons stockpile and other military systems without the necessity of underground nuclear
testing. It will also be very important to continuously improve safety and control technologies
and incorporate them into the stockpile.

Conception and Development
of Laboratory Capabilities

At Sandia, we conceive of ourselves as a collection of competencies aimed at achieving an overall
strategic intent. Some of these competencies are embodied in very special facilities, many of which
are unique. Other competencies are more intangible, but are absolutely core to our ability to pro-
vide exceptional service in the national interest.

Over the last few years, we have worked especially hard to understand the nature and scope of
our core competencies. Starting with a short and necessarily general list, we have moved to a new
understanding based on an exhaustive review of the Laboratories’ enabling technical capabilitie-
and on limited benchmarking against other high-technology organizations outside the DOE family.
The capability conception and development component of our corporate strategy now incorporates
a core competency set with two subsets. The first subset includes our rescarch foundations:

¢ Engineered processes and materials (materials science and technology, modeling of
synthesis and processing, product realization)

¢ Computational and information sciences (software and mathematical techniques for
metacomputing, information surety, and data and image processing, specialized codes)

® Microelectronics and photonics (semiconductor fabrication facilities, x-ray lithography,
projection electron-beam lithography)

® Engineering sciences (fluid/thermal sciences, radiation transport, solid/structural
mechanics, acrospace sciences, geosciences, and combustion research)

While these technical foundations may not, by themselves, distinguish Sandia from other
national laboratories, they most certainly find distinguishing expression in the second subset of
our core competencies, our integrated capabilities:

* Surety technology (design and surety assessment of nuclear weapons; sateguards for

nuclear materials, facilities, and transportation; probabilistic risk assessment and other
forms of risk analysis; semiconductor equipment reliability)
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¢ Experimental, computational, and analytical evaluation (proofing of complex
mechanical/electrical systems; reactor safety, development, and advanced tuels research;
defense and commercial transportation; simulation with experimental verification)

¢ Advanced manufacturing technology (advanced materials and processes, microelectron-
ics, precision casting and machining, joining technology, integrated information systems,
environmentally conscious processes, and intelligent machines)

e Pulsed power technology (modeling and control of inherently unstable systems, simulation
of radiation effects in electronic and photonic systems)

 Engineered systems (design of technically complex, relatively unique products against
incomplete requirements specifications; linkage of capabilities for research, design, devel-
opment, prototyping, testing, and documenting to production)

To nurture and develop these and other capabilities at Sandia, we make appropriate use of
funding provided to the Laboratories through DOE’s Assistant Secretary for Defense Programs.
We supplement that funding with the only discretionary funding permitted to the Laboratories,
Laboratory-Directed Research and Development funds. We also rely heavily on opportunities to
challenge our competencies through dual-use applications to DOE programs other than those
related directly to nuclear weapons. Often, our core competencies are tapped to support coopera-
tive research and development agreements under the technology transfer program. Stability in the
nurture and development of our core competencies is of utmost importance to Sandia, since they
aic the wellspring of technical innovation that permits us to meet the needs of missions.

Increasing Productivity and Impact

As Sandia begins to respond to new customers who have new needs with new products and services,
the technical challenges we face become less predictable. The challenge is magnified by the cost
constraints we quite appropriately face in these times of national reprioritization. We have a com-
pelling interest, therefore, to include concerns over productivity in our laboratory strategy mix.
Here we rely on our understanding of and commiitment to modern quality principles. We also
seek opportunities to collaborate with industry, academia, and other national laboratories to
create productivity multiplier effects.

From a laboratory strategy standpoint, it is important to note that the price of not conforming
to customers’ requirements for performance, schedule, and cost is too high in today’s fiscally con-
strained world. Any opportunity to cost-effectively improve a process by eliminating steps that do
not add value is an opportunity to improve our productivity. Designing-in quality certainly reduces
wasteful expenditure of resources in redesign and rework. Our efforts to apply quality principles
and to increase our productivity are intimately related.

Atits heart, Sandia’s strength lies with its skilled workforce. Therefore, to support them in
remaining productive and creative, especially as the work they traditionally have done shifts to
respond to new customers and new needs, we seek to develop our employees through training,
education, and through matching the right people with the right challenges.

Another focus for Sandia, one that undergirds our ability as a laboratory to remain productive,
is the improvement and integration of our information systems and networks. This becomes doubly
important as we seck to respond to the nation’s needs for information sciences and high-performance
computing. We therefore achieve a double measure of productivity improvement by using ourselves
as a test bed for information sciences and high-performance computing. We work together more
productively while ensuring the utility of products and services for external customers,

Outside the Laboratories, we do whatever we can to encourage teamwork and collaboration to
improve productivity throughout the entire DOE family. Resource constraints and public skepticism
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are even more keenly felt between laboratories than they are within a laboratory, and the pressures
will only increase. Only through cooperation and collaboration can we as a laboratory community
carn the right to continue to create value for the nation.

Organization and Management

One component of our overall strategy focuses on organizing and managing the Laboratoriesina
way that exemplifies the principles of total quality management.

Over the past three years, we have refocused our programs into customer-oriented sectors in
order to improve our understanding of our customers’ requirements. We have eliminated one layer
of management, flattened the organization, and pushed responsibility for decision-making to the
lowest levels possible, while continuing to exercise good stewardship for public funds —all to
empower the organization and create greater employee satistaction. We have identified our core
competencies, and we actively manage them to make certain that the quality of our products and
services is not degraded through erosion of the base on which they depend. Finally, we have
aggressively pursued planning, benchmarking, and assessment activities to highlight opportunities
to improve our processes, products, and services.

Resources

We can pursue none of these components of corporate strategy without adequate funding. We are
aware of the declines envisioned in the short term for Defense Programs, the traditional mainstay
of our funding, and we know that funding from other, perhaps newer, sponsorship sources may
be limited.

Our strategy during the uncertain times ahead will be a conservative one. We will conserve
resources by encouraging outsourcing and entering into cost-sharing partnership arrangements
with other public and private entities. We anticipate a continued substantial level of cooperative
research and development agreements with industry. We will manage the flow of work into the
laboratory to ameliorate the impact of a sudden shitt in funding levels. Statfing will be controlled
within a range appropriate for anticipated conditions.

Funding requirements for the planning period are shown in Chapter 12, “Resource Projections.”
We will manage our resources and programs to live within the constraints of actual funding levels
as they become known.

Our multifaceted laboratory strategy is based entirely on the total quality management principles
that have been woven into the fabric of Sandia. It focuses on the opportunities that change can bring
and does not require that all uncertainties be washed away. As national priorities shift, we believe that
our customer-focused strategy will permit us to continue rendering “. . . exceptional service in the
national interest.”






Major Initiatives

This chapter presents initiatives for consideration by the Department of Energy or reimbursable
Sponsors.

Sandia has identified eight strategic thrust areas which it regards as defining the future program-
matic direction of the Laboratories. These thrust areas are defined by the intersection of large-scale,
strategic national needs and established, differentiating laboratory capabilities:

® Advanced Manufacturing Technology

e Electronics

¢ Information and Computational Technology

® Transportation Energy Technology and Infrastructure
® Environmental Technology

¢ Energy Research and Technology Development

e Biomedical Systems Engineering

e Post-Cold War Defense Imperatives

All of these strategic thrusts are defense-related because every one of them supports or is derived
from essential defense industrial capabilities. In addition, all support the initiatives identified by
the Federal Coordinating Council for Science, Engineering, and Technology and included in the
President’s FY 1994 budget — some in obvious ways and others in ancillary or indirect ways.

Most of these strategic thrusts crosscut Sandia’s program mix and customer base. All extend
naturally from our experience base and core competencies. None are ventures that will require the
Laboratories to acquire costly new competencies that have not historically been related to its missions.
All offer opportunities to address strategic national needs cost-effectively by exploiting the existing
federal investment in our core competencies.

Our strategy for implementing each of these strategic initiatives is fourfold:

1. Wewill continue to enter into cooperative research and development agreements
(CRADAs) with individual companies to help them address their proprietary needs.

2. Projects under these initiative categories may either respond to market-driven needs
defined by industry or they may introduce novel technologies that have the potential to
push new classes of commercial applications.

3. Asmuch as possible, all work will include a high degree of collaboration among industry,
universities, and other federal laboratories through cost-sharing arrangements.

4. Wewill help support the research and development needs of small and mid-level businesses
through special cooperative arrangements and technology out-reach programs.
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Some projects may not be able to utilize this strategy because they may involve classified work.
However, even in those cases we will attempt to exploit commercial capabilities to the extent pos-
sible, and we will diligently identify and aggressively exploit dual-use developments.

The sections that follow discuss the established capabilities, experience base, and laboratory
strengths that make Sandia a valuable and perhaps unique resource for cach of the thrust areas.
Then, each section presents a package of project proposals for new, currently unfunded work,
work that is funded for start-up purposes, or major program enhancements that require addi-
tional resources. Funding and personnel required for these proposals are in addition to ongoing
programmatic funding summarized in chapter 12, “Resource Projections.”

The inclusion of a particular project proposal within a thrust area does not imply DOE
approval, nor does it represent a commitment by Sandia to implement it. However, each of the
major initiative areas represents a strategic commitment on the part of Sandia management. Each
derives its technologies from Sandia’s established core competencies and is an activity in which
Sandia is acknowledged to have made substantial contributions or significant new progress. More-
over, these major initiatives are intended to implement long-term national and agency goals.

Brian Pardo brushes excess powder away from a wax part that was solidified using a carbon dioxide laser. Design problems were first
identified and corrected on a 3-D computer-aided design (CAD) drawing. The technique, called selective laser sintering, eliminates certain
machining steps and reduces the time it takes to get a finished part.
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Advanced Manufacturing Technology

Asa consequence of its responsibilities in systems and design engineering, production process
development, intelligent machine research and development, and oversight of the performance
and reliability of most U.S. nuclear weapon components over the last forty years, Sandia National
Laboratories has become the leader among Department of Energy laboratories for advanced
manufacturing technologies. Manufacturing support technologies are central to our mission for
Detense Programs and constitute a large fraction of our technology base.

The problems the DOE nuclear weapons ¢ plex faces are a preview of those that will be faced
by the U.S. manufacturing community as a whole. The future operating environment will require
manufacturing agility and cost-effectiveness. We will have to design and manufacture to the highest
standards of quality. Production will have to be performed in an environmentally conscious manner.
The nuclear weapon laboratories must continue to design for the total life cycle, including retirement,
disniantlement, and disposal or recycling of components and materials. As a form of “virtual deter-
rence,” the complex will need to demonstrate the capability to get new designs into production
quickly. It must be able to create manufacturable designs with a minimum of iterations and validate
production processes through simulation. Central to achieving these objectives will be an effective
information communication and management system that integrates the design-to-production-
to-disposal process using teamwork relationships that allow activities to proceed concurrently.

The Department of Energy cannot accomplish this mission in isolation from the nation’s
manufacturing community. Conversely, the manufacturing community stands to benefit from
the DOE laboratories’ research and development in manufacturing.

The National Center for Advanced Manufacturing Technology has been established at
Sandia/New Mexico to maximize the value of the Laboratories’ technology base to the manufacturing
needs of both the DOE nuclear weapons complex and industry. The center will coordinate its efforts
with other government agencies, universities, U.S. industry, and other government laboratorics
to ensure maximum value to the nation. The center will also help transter and apply advanced
manufacturing technologies developed in Sandia’s defense programs to commercial manufacturing,
thus helping to strengthen U.S. industry’s competitiveness. Much manufacturing technology transfer
is already taking place through many cooperative research and development agreements (CRADASs)
with industry.

Sandia’s California location is strategically important to our advanced manufacturing initia-
tive as a point of contact with the high-technology industries of the West Coast. The Integrated
Manufacturing Technologies Laboratory, a new facility, focuses on the development and
integration of advanced manufacturing technologies. It conducts research and development in
materials and processes, process simulation, engineering design, and manufacturing technology
support. Italso performs research in prototype fabrication and demonstration techniques for agile
manufacturing, both for DOE and the domestic industrial sector. Current work focuses on metal
removal and welding, weld process simulation, composites fabrication, high-speed communication
of manufacturing data, and on-line monitoring and control.

The thrust of many of these activities and initiatives is to leverage our knowledge in much the
same way that machines leverage our muscles. Because this initiative cuts across all of Sandia’s
technical capabilitics, activities that are of direct value to and supported by ad anced manufacturing
also appear in other major initiatives. Examples include the recently established National Center
for Advanced Information Components Manufacturing, a partnership effort involving the
Advanced Research Projects Agency, the Department of Energy, and industry. Industry requires
further developments in the manufacturing of optoelectronics and flat-panel displays. This work
will be enhanced by activities under Sandia’s other major initiatives, such as Electronics, Information
and Computational Technology, and the Defense-related initiatives intended to make Complex
21 amodel of agile manufacturing,
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Project Proposals for the Major Initiative
in Advanced Manufacturing Technology

Advanced Materials and Manufacturing Technology
[for the Assistant Secretary for Defense Programs (GB)]

Two federal government initiatives, the Advanced Materials and Processing Initiative and the
Advanced Manufacturing Initiative, have emphasized the importance of materials research and
technology development. The intent of Sandia’s Advanced Materials and Manufacturing Technology
initiative is to work with industry to address its critical needs in the areas of materials synthesis and
processing, A long-range objective is to improve the flexibility of manufacturing processes and
facilitate the application of artificial intelligence to manufacturing operations by applying tools
and concepts of concurrent engineering and computer-integrated manufacturing,

'The reconfiguration of the nuclear weapons complex will require development of external
industrial suppliers for a large variety of components. Low rates of weapon production and stock-
pile retrofits will require the design agencies to reduce costs for weapons research by developing
and applying new materials and processing technologies. Such technologies will include computer
design of advanced materials, computer modeling of materials processing, and development of
sensors and real-time diagnostics for materials processing. These technologies can cut costs by
accelerating the development of new materials and processes and by reducing the need for prototype
hardware. They will enable product design engineers to work -oncurrently with materials process
engineers on component designs. They will permit more rapid prototyping by simulating and val-
idating process options on a computer, rather than on the factory floor. Moreover, such technologies
will promote computer-integrated manufacturing by furnishing manufacturers with process con-
trollers and process control software.

Planners of Advanced Materials and Manufacturing Technology have identified several specific
activities for the initiative. Thesc activities include thermomechanical processing; electromagnetic
synthesis and processing; development of sensors, process diagnostics, and smart materials; synthesis
and characterization of optoelectronic materials; and synthesis, processing, and characterization
of composite materials.

Interaction with industry will be facilitated by the recently established Advanced Materials and
Processes tor Economic Competitiveness (AMPEC) alliance between Sandia, Los Alamos, the Air
Force Phillips Laboratory, three New Mexico universities, and the New Mexico Economic Develop-
ment Department, as called for in the Department of Energy Laboratory Technology Partnership
Act of 1992. Industrial interns will be centrally located at the Advanced Materials Laboratory in
the University of New Mexico Research Park.

Intelligent Manufacturing Science and Engineering
[for the Assistant Secretary for Defense Programs (GB)]

Department of Energy contractors have found that standard industrial robots, which are designed
primarily for high-volume manufacturing, have limited applicability to their operations, which
typically call for small-lot production. However, with a modified approach to robotics research
and development, intelligent manufacturing systems can be designed that are specifically applicable
to DOE requirements but incorporate standard industrial robotic hardware. Such work will advance
the capability of robotics tools available for agile manufacturing in industry.

Sandia’s approach is to eliminate entirely the manual process of teaching and programming
robots. Instead, we are developing algorithmic and software techniques that will let robot systems
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generate their own programs. New systems based on these technigues will be able to generate plans
ofaction, program the required devices, and use sensors and instrumentation to react appropriately
to changes in the workspace. New sensor and model-based controls are obviating the requirement
for precise fixtures and jigs for picce parts. Real-time sensory capabilities will permit flexible pro-
duction systems to have other desirable features, such as automated compensation for tool wear,
in-process inspection, and automated crror detection and correction.

The Intelligent Manufacturing Science and Engineering project will draw upon Sandia’s base
of robotics technology expertise. During the past several years, Sandia has carried out robotics
development for the Assistant Secretary tor Defense Programs, the Office of Civilian Radioactive
Waste Management, and the Office of Environmental Restoration and Waste Management, We
are currently transterring robotic technologies to several DOE sites, including Pantex, Mound,
Y-12, Savannah River, Allied Signal, and Rocky Flats. Furthermore, we are consulting with several
other organizations in the production complex and are performing research and development in
advanced manufacturing for DOE mission applications.

In many ways, DOE's design and production activities are a microcosm of the future of commer-
cial manufacturing. The Intelligent Manufacturing Science and Engineering project, because it will
play a key role in reconfiguration and moder nization of the nuclear weapons complex, offers an
opportunity for DOF to help U.S. manufacturers strengthen their competitiveness.

The initiative will push research in automated programming and planning, geometric modeling
and reasoning, and high-speed, sensor-driven control—areas key to the broad application of robotics
to DOE problems. Inaddition, we wil' construct prototypes of advanced systems targeted for specific
applications within Detense Programs. Managers from across the DOE complex will be consulted
regularly on the thrust and scope of developmental activitics. Also, to facilitate technology transfer,
engineers from the DOE production plants will help evaluate prototype systems. Sandia developers will
continue to participate actively as full-scale production systems are built and brought into operation.

Rapid Response Manufacturing
[for the Assistant Secretary for Defense Programs (GB)]

Manufacturing is a crucial component of the defense technology base and a principal factor in
U.S. economic security. The new weapons procurement strategy calls for ongoing development
ofadvanced weapon systems to retain America’s technological edge in military systems. In contrast
to past practice, however, these new weapon systems may not be immediately produced in quantity.
Instead, the nation will retain the capability to produce them quickly when needed in response to
threatening world conditions.

This strategy of virtual forces aftects the U.S. military’s ability to maintain both a substantive
fighting capability and a credible deterrent in several ways. First, the concept of readiness will have
to be expanded to include the infrastructure that will create weapons systems. This infrastructure
includes both captive production facilities and industrial production capacity. These industrial
production facilities will require unprecedented flexibility to produce a mix of military and non-
military products. The nation will need new methods for monitoring and assuring the readiness
of this large production complex to mect its critical, time-limited needs in periods of crisis.

Second, accredited production processes will need to be developed that can be operated at low-
or no-volume for many years and then be “turned on” for volume production with no loss of
quality. The technological implications of this requirement are profound. The manufacturing
processes must be validated to high quality standards with only small sample sizes. The corporate
memory for those processes must be preserved in a way that it can be recalled without incurring a
lengthy learning curve. In addition, there must be procedures to revalidate the reinstated processes
(and periodically modernize processes) without lengthy pilot production runs. These needs are
beyond the current state-of-the-art in manufacturing,
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Third, the defense production infrastructure will need an agility that it does not possess today.
Ifa decision to rearm should be made, it is likely that moditications to extant weapons systems will
be specified at the same time. Those modifications will be based on an assessment of the specific
threat to be countered. The engineering and design functions needed to accomplish these changes
will have to exhibit the same agility as the tabrication systems that produce them. Thus, highly
integrated, paperless, concurrent design and analysis systems will have to function seamlessly with
the rest of the procurement and production infrastructure. It will be a great challenge to make the
agile manufacturing concept a reality in the defense procurement arena.

These challenges facing defense manutacturing must also be addressed by the Department of
Energy, and in some cases the problems will be even more difticult. The production volumes of
nuclear weapons will almost certainly be extremely small, but the standards for quality will remain
uniquely high. Moreover, the ability to resume quantity production must be retained. As actual
production experience diminishes, it will become more ditficult to sustain the ability to produce
high-quality product unless agile manufacturing technologies and practices arc available and have
been demonstrated. DOE must become aleader in integrated engineering, design, and production
in order to meet its responsibilities in the twenty-first century.

Information-Driven Manufacturing
[for the Assistant Secretary for Defense Programs (GB)]

Information technology holds the key to achieving the objectives of the modernized Defense Programs
design and production complex and to enabling an economically competitive U.S. manufacturing
infrastructure. Future DOE manufacturing systems will depend heavily on a range of computing
tools, from design at a workstation to real-time computer control of individual production processes.

Recent research and prototyping work at Sandia has demonstrated feasibility of very tight
coupling of design and production processes. Application-specific development of information
technologies (such as networking and computer science, design analysis, data processing and
storage, information surety, and intelligent production systems, processes, and equipment) is
required for Complex 21.

DOE weapons designers have long used computers to design products, manage and process
data, and analyze the performance of their designs. Now these methods are being extended to analysis
of the producibility of designs, to assessment of the environmental consequences of designs, and
to automated generation of the controls and programs used by the factory loor production systems.
Information technologies will permit designs to be validated in “virtual factories” before they are
approved for release.

Inalikely scenario of future manufacturing, designs are created ata computer-aided design
workstation and their performance is evaluated by integrated computational tools, The same elec-
tronic design information is then coupled with computer models of production processes developed
through simulation and limited experimental validation. These models are available to product
designers for assessment of various producibility issues. (This process/product assessment is termed
manufacturing validation in current literature.) Once designers are satisfied with the design, control
algorithms for production equipment are automatically generated using the product design database
and the computer model of the process. (Automated programming of production equipment will
be an important element of agile manufacturing.) In turn, the plant model permits real-time control
of the process based upon information sensed from process and product.

Such manufacturing systems will make heavy use of information sciences and technologies;
consequently, we use the term information-driven manufacturing. Information-driven manufacturing
technologies will make possible many of the desired attributes of the Department of Energy's Complex
21. Weapon system designers will be able to determine quickly if their designs are manufacturable
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with the available production systems, Pro-
duction agencies will be able to remove
workers from hazardous operations and, in
the process, cut down on waste resulting
from contaminated protective clothing.
Furthermore, because much of the design
and production expertise will be embodied
in algorithms and software, the cadre of
trained engineers and technicians required
to operate the complex will be reduced
without degrading the ability to respond to
national emergencies. These assertions are
based on a review of Technology Assessment
and Selection Panel documents and discus-
sions on future needs for robotics and
automation with Panel leaders and man-
agers of the DOE production agencies.

Sandiaand the Department of Energy will
retain a leadership position in information-
driven manufacturing as a result of this ini-
tiative. These technologies are key elements
of U.S. industrial initiatives in agile and
intelligent manufacturing.

Manufacturing Energy

Conservation
[for the Assistant Secretary for Energy
Efficiency and Renewable Energy (ED)]

Sandia’s work in DOE’s Industrial Waste
Reduction Program is focused on changing
the initial processes used in manufacturing
to reduce both the waste generated and the
energy used in manufacturing. This approach
has great potential to help industry because
itimproves the entire manufacturing process.
Industry supports this program because of
its promise to yield huge savings and to help
protect the environment.

Sandia supports the Department of Energy in areas that bring opportunities to cnhance
advanced manufacturing, such as Industrial Waste Reduction and Environmentally Conscious
Manufacturing. Integrating concepts and lessons learned from these projects into the baseline
planning for tomorrow’s manufacturing programs will enhance U.S. competitiveness by making
products less costly and more desirable in worldwide environmental markets.

The waste reduction program has already proved itself of value to United States industry. Itis
currently industry driven, market-based, and cost-shared with industry, and leverages investments
already made by the federal government in the national laboratories.

Ina parallel effort, Sandia has been coordinating demonstrations of environmentally conscious
manufacturing in the DOE weapons complex. Sandia uses an integrated systems approach that

Fred Yost, a team leader in solder science, examines a printed wiring board under a
microscope. A five-year project with the National Center for Manufacturing Sciences
will make Sandia’s leading capability in soldering technology available to industry.
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attempts to reduce the ecological impacts of industrial activity and improve efficiency of energy
use without sacrificing quality, reliability, or performance. Over the next five years, our strategy
for the program is to concentrate on the application of environmentally conscious manufacturing
through collaboration and partnership with industry and by making Sandia a national center tor
the methodology.

This proposal requests specific support to integrate environmentally conscious manutacturing
and energy reduction into the design of advanced manufacturing processes. Known approaches,
such as solvent substitution, materials conservation, and process monitoring and control, will be
applied where possible. In cases where opportunities for significant energy conservation present
themselves, new approaches will be developed.

Smart Material Systems
[for the Assistant Secretary for Defense Programs (GB})]

Many improvements in manufacturing technologies
can be made using smart material systems technology.
These are materials and structures that have the abil-
ity to beneficially respond to internal and external
stimulation through intelligent sensing, processing,
and controls. This technology provides the designer
an expanded capability and new design methodology
in the materials and structures area that can be
employed for a variety of manufacturing tasks,
including the design of new products or manufac-
turing systems.

First, smart material systems enable a designer
to use light-weight structural systems to accomplish
high-precision tasks. Second, smart material systems
convey information about the current structural
health of the system and use this information to adapt
and achieve a desired goal. Third, smart material
systems technology facilitates manufacturing process
control via embedded sensors. Intelligent material
and structural systems often involve flexible structure
control problems. These systems have sensory and
actuating characteristics that can respond in real
time to the environment and modity responses to
overcome undesirable and unexpected stimuli. The
solution to these problems is directly related to
complementary technologies in intelligent process
control and intelligent machines,

The goal of reducing cost and time to manufac-
ture can be achieved through application of smart

Advanced manufacturing is a major initiative based on the Laboratories’ material systems. This capability is made possible
historical strengths in manufacturing process development. Sandia helped  because of recentadvances ina number of related
Pratt & Whitney develop this robotic deburring system that automatically  technologies, including matcrials, sensing and actuat-

grinds edges of jet engine turbine wheels during fabrication. The system ing, processing, reliable structural modeling and
uses computer-aided design models and computer vision and force control sim U]ﬂll()n, 'Jnd lTllCr()([CVlCCS. ]t 1s now often IL'SS
sensors to match the part to precise spe(iﬁcaﬂons_ L‘XpL‘l]Si\’C to inC()l’P()mIC SCNSOTS, actuators, ﬂ“d
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computing than to use heavy structures to achieve the accuracy and precision required for a reliable
design or manufacturing task. It is a requirement of agile manufacturing that the process be able to
adapt to new families of design, and this adaptability is inherent in smart material and structural systems.

To maintainaccuracy in precision manufacturing, operations will require an ability to sense and
actively control the vibration inherent in many procedures. 'This use of active vibration control is
needed toradvanced lithography machines tor semiconductors or Hat panels to achieve the desired
precision. Structural systems and equipment used to produce weapon parts in agile manufacturing
operations will require intelligence and adaptability. Also required are very accurate modeling and
simulation capabilities to enable virtual prototyping of weapons, thus avoiding costly hardware
iterations. On-line system identification is required for control of flexible structural systems, for
detection of the onset of chatter and suppression of vibration, for precision machine tool manufac-
turing systems requiring vibration reduction, and other precision cutting or grinding operations.

Other manufacturing applications of smart materials include embedded sensors to monitor
the cure cycle for composite materials; damage detection and “health monitoring™ of sensitive
structural systems; use of shape memory alloys as clamping devices for automated production line
handling to climinate environmentally damaging hydraulic clamping systems currently used;
process control of extruded and injected molded plastics; temperature and wear compensation;
precision oscillating equipment; and nonintrusive sensing of manufacturing process parameters
internal to material processing,

Current efforts in the field of smart material and structural systems by the private sector and other
government agencies have increased significantly in recent years. Sandia has a unique opportunity
to bring its resources to bear ona technology area of great importance to this country. Advances in
this ficld require the resources of an organization that has both breadth and depth in the individual
technologies that make up this multidisciplinary field. Such expertise requires the integration of
experimental and analytical research and development in materials, structures, processing, sensors,
and controls, plus a capability for prototype device development and systems engineering — skills
that are well established at Sandia.

Technology-Based U.S. Product Reliability Leadership

ffor the Assistant Secretary for Defense Programs (GB)]

DOE and commercial industry have similar requirements for high-reliabiiity systems and compo-
nents. Meeting these requirements — a serious challenge tor the nuclear weapons complex today
—will become a critical issue as production downsizes and we move toward agile manufacturing,

Quality will be vital in mecting sponsors” expectations for reliable systems, The key issue will be to
achieve high reliability competitively; that is, to produce extremely low failure rates while producing
the productat lower cost.

Two essential components tor performance and leadership in quality are a quality culture and
the application of reliability technologies. Quality culture refers to the values and principles of
individuals and organizations. Refiability technologies refers to the base of technical competencies
required for a practical, competitive implementation of a quality culture. This base includes such
competencies as reliability physics, failure analysis, nondestructive testing, process control, and
design for manufacturing,

The military and economic security of the United States demands that the nation achieve and
sustain competency and leadership in technologies for quality and reliability. This initiative pro-
poses a multiorganizational National Center for Ultra-Reliability Engineering (NCURE).
Sandia possesses strong qualifications for leadership ina cooperative NCURE program. The
extreme consequences ofa nuclear weapon failure have required Sandia to develop and maintain
a broad base of expertise in guality and reliability technologies. NCURE will use capabilities from
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throughout the DOE complex and will broadly support U.S. industry and government programs,
Sandia will transter and disseminate advanced quality technologies.
In addition, NCURE will sponsor quality research and development in other arcas:

¢ Quality in Agile Manufacturing— Strategies for ensuring high quality and reliability in
the small-lot, high-product-mix environment of downsized defense production and agile
manufacturing will be identified. We will also define key reliability technology drivers of the
future and pursue related research and development.

® Reliability Technology Leadership in Dual-use Technologies— NCURE will identify key
dual-use technologies and work with industry to establish and maintain world-class quality
technology capabilities in these areas— for example, providing concurrent engineering sup-
port for developing advanced electronic technologies, such as flat panel displays, high-speed
electronics, and high-temperature electronics.

e Expert Systems — All organizations are susceptible to the loss of valuable expertise as key
technical people retire. This problem has particularly important implications for DOE
because it has responsibility for nuclear weapons that have service lives longer than the
careers of the original designers. An important goal of NCURE will be to develop practical
expert-system methodologies to preserve the knowledge of such individuals,

Concurrent Engineering Practices
[for the Assistant Secretary for Defense Programs (GB)]

Sandia has initiated an effort to create, in the near term and for Complex 21, the process both to
build small quantities of weapons on a replacement schedule and to mobilize quickly for volume
production upon command. This program will develop processes tor weapon product realization
in Complex 21 — DOE's vision of a smaller, more cost-effective nuclear weapon complex (NWC)
to support dismantlement, stockpile management, and new weapon development. It is not intended
to support direct research and develepment of new technologies for weapon products. Instead, it
tightly couples the product cycle from design through dismantlement, resulting in efficient, flexible,
and affordable design and production.

The nuclear weapon complex functions with traditional industrial engineering processes for
product realization. A more modern approach is needed. This initiative in concurrent engineering
will define and implement concurrent engineering processes for the realization of weapon products.
Concurrent engineering {in the context of DOE Defense Programs weapons production) is defined
as a process for product realization that improves cycle time by using teamwork from concept to
disposal, with special emphasis on up-front engineering of all process and life-cycle requirements.
Concurrent engineering offers a systematic approach to the integrated, simultaneous design of
products and their associated fabrication processes. This approach is intended to cause weapon
developers to consider all elements of the product life cycle from concept to disposal, including
quality, cost, schedule, and performance.

To implement this initiative, Sandia will conduct activities in two major areas: First, an integrated
systems approach will be employed for weapon design and manufacturing that encompasses the
entire life cycle of weapon components. Building on the STEP, MAST, PRESS, Focal Point, and
other demonstration programs, the initiative will focus on a few pilot product realization projects.
‘These pilot projects will be the vehicles for development cycle activities.

Specific subsystems and components will be selected as pilot projects. The two initial candidates
willbea MAST fireset/programmer and the Focal Point paste explosives system. The entire integrated
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approach will be exercised on these prototypical applications, including systems management
(emphasizing rapid cycle time), design for manufacturability and cost, process characterization
(focused on feedback to the design process), continuous improvement of all processes, waste
minimization, and demonstration of industrial partnerships. New pilot projects will be selected as
the new process gains momentum.

A second major area to be addressed is the formation of multidisciplinary teams to apply concur-
rent engineering principles to design, manufacturing, and dismantlement processes. These teams
will include designers, manufacturing engineers, materials and process scientists, environmental
safety and health engineers, waste management specialists, information management specialists,
and so forth, By improving the manufacturability of current nuclear weapon components, engineers
can generate ideas that may benefit stockpile and dismantlement activities and achieve better designs
for tuture production.

A project management approach will ensure that this initiative develops according to planned
strategic intent, that resources are properly aligned with requirements, and that etfective linkages
are maintained between customers and support groups.

Funding Requirements for Initiative Project Proposals in Advanced Manufacturing Technology
(Dollars in constant FY 1994 millions; personnel in FTEs)

Year 1 Year2 Year 3 Year4 Year5

Advanced Materials and Manufacturing Technology

Operating 10.0 10.0 15.0 15.0 20.0
Capital Equipment 50 100 100 100 50
Total Cost 15.0 200 250 250 250
Direct Personnel 40 40 60 60 60
Intelligent Manufacturing Science and Engineering
Operating 6.0 10.0 15.0 15.0 20.0
Capital Equipment 0200 20 20 1.0
Total Cost 70 120 17.0 17.0 210
Direct Personnel 25 40 50 50 50
Rapid Response Manufacturing
Operating 10.0 20.0 31.0 31.0 310
Capital Equipment 20 40 70 70 .50
Total Cost 120 24.0 38.0 38.0 36.0
Direct Personnel 50 100 115 15 115
Information-Driven Manufacturing
Operating 4.0 5.0 8.0 12.0 18.0
Capital Equipment 1.0 2.0 2.0 2.0 10
Total Cost 50 7.0 10.0 14.0 19.0
Direct Personnel 15 20 30 45 60
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Funding Requirements for Initiative Project Proposals in
Advanced Manufacturing Technology (Continued)
{Dollars in constant FY 1994 millions; personnel in FTEs)

Year 1 Year2  Yeard3  Yeard  Year$
Manufacturing Energy Conservation
QOperating 6.0 10.0 15.0 15.0 15.0
Direct Personnel 10 18 20 20 20
Smart Material Systems
Operating 25 5.0 8.0 13.0 14.0
Capital Equipment 05 20 20 20 10
Total Cost 3.0 7.0 10.0 15.0 15.0
Direct Personnel 10 20 35 50 50
Technology-Based U.S. Product Reliability Leadership
QOperating 5.0 10.0 125 125 125
Capital Equipment 10 20 20 20 10
Total Cost 6.0 120 14.5 14.5 135
Direct Personnel 25 40 50 50 50
Concurrent Engineering Practices
Operating 8.0 8.0 6.0 6.0 6.0
Direct Personnel 32 32 24 24 24
Total, Advanced Manufacturing Technology -
QOperating 515 78.0 110.5 119.5 136.5
(apital Equipment 10.5 20 250 250 140
Total Cost 62.0 100.0 1355 144.5 150.5
Direct Personnel 207 310 384 414 429




Electronics

Sandia’s electronics capabilities and programs provide at a single site a comprehensive integration

of the entire electronic component realization process. Our outstanding capabilitics in this arena

are unique among U.S. government facilities. We apply our resources to developing custom com-

ponents for specialized DOE applications as well as precompetitive technologies for customers in

the private sector.

Sandia’s broad-based activities provide a focus for DOE’s response to industry-generated
technology road maps, such as those prepared by the Semiconductor Industry Association and the
Optoelectronics Industry Development Association. In addition, we provide a direct mechanism
for transitioning university research into manufacturable clectronics products and processes.

Sandia’s Center for Microelectronics Technologies provides a unique capability for industry-
relevant rescarch and development. This capability is being accessed by industry through a 5-year,

$100 million cooperative research and
development agreement (CRADA)
with the U.S. semiconductor industry
consortium SEMATECH as well as
through CRADAs with individual
companies. The center is supported
by alarge range of semiconductor and
microelectronics capabilities.

Activities of the center in support
of the U.S. semiconductor industry
include the Semiconductor Equip-
ment Technology Center (SETEC)
and the Contamination-Free Man-
ufacturing Research Center, both
joint projects with SEMATECH.

The Center for Microelectronics
Technologies conducts joint projection
x-ray lithography and projection elec-
tron beam lithography programs with
industrial partners to develop the next
generation of processes and processing
equipment. The center is also the site for
developing environmentally conscious
manufacturing and environmentally
safe and healthful procedures for semi-
conductor manufacturing. Sandia is
working with SEMATECH and the
U.S. equipment manufacturers repre-
sented by SEMI/SEMATECH to
develop a Semiconductor Equipment
Design Center in SETEC.

Sandia’s Microelectronics
Development Laboratory isa
74,000-square-foot facility that
includes 30,000 square feet of clean-
room space with 12,500 square feet of
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A new family of water-based chelating etches using organic acids was developed by a Sandia
research team and has been used to process a variety of superconductor and ferroelectric
devices. The etches provide selectivity, minimize surface deterioration, are capable of etching
submicron feature sizes, can be tailored for particular materials, can be used to produce either
vertical-edge profiles or sloped profiles, and have been shown to cause minimal change in
surface resistance of the high-temperature superconductors (HTS).

Previously, large increases in surface resistance had led to impressions that water-based
solutions could not be used for processing HTS thin films requiring small feature sizes or
high-speed operation. The Sandia researchers recognized that the problem was not the
water but reactions involving carbonates in the solution, They developed a decarbonated
chelating process that uses nitrogen to decarbonate the solution and a chemical agent to
provide proper etching before deleterious surface reactions can occur. The researchers can
tune the reaction rate for specific metals, further controlling the selectivity of the etching.

This work won a 1993 R&D 100 award.



Class 1 clean space in 22 separate clean rooms. The laboratory’s design provides maximum Hexibility
for new processing equipment and device technologies and is uniquely configurable to support the
joint Center tor Contamination-Free Manufacturing, A large donation of equipmentand technology
by IBM provides a state-ot-the-art submicrometer silicon integrated cireuit rescarch and development
line. The Microelectronics Development Laboratory’s complete equipment set supports the total

semiconductor development cycle including research, design, fabrication, test, prototype delivery,
qualification, and technology transfer. These facilitics also support “smart” micromachining, intel-
ligent sensor, and display rescarch and directly impact electronics packaging and assembly activitics.

Sandia’s Microelectronics Quality and Reliability Center provides statf and equipment
to evaluate and verify electrical and mechanical properties of microelectronic materials, design,
verification, and construction at the components level. Sandia’s reliability physics and enginecring
etforts draw upon materials science programs that develop basic understandings of failure mecha-
nisms such as electromigration or stress voiding, defects in insulators and metalizations, and
defects in semiconductors.

The Center for Contamination-Free Manufacturing at Sandia was formalized by a coop-
erative research and development agreement with SEMATECH in 1992. This center exploits the
unique layout of Sandia’s Microelectronics Development Laboratory to conduct experiments to
verify advanced semiconductor manufacturing concepts and equipment which reduce contamination
that limits the yield of integrated-circuit manufacturing processes.

The center conducts and coordinates research in cost-effective contamination-free manufac-
turing technologies involving features sizes as small as 0.2 micrometers and removal of defects as
small as 0.01 micrometers (the size of bacteria). Research focuses on the effects of chemical partic-
ulates and electrostatic, thermal, and electromagnetic (including light) radiation contamination
on circuit yield and performance. The center also supports development of equipment and
processes, improved equipment reliability through software quality, ergonomics and modeling,
as well as new lithography devices, material components, and equipment. These activities are an
extension of Sandia’s historic development of the laminar-flow clean room, which made possible
the entire microelectronics and industry.

Sandia was a pioneer in the development ot compound semiconductors, Qur Center for
Compound Semiconductor Science and Technology pioneered the strained-layer-superlattice
(SLS) material and such SLS-based devices as pscudomorphic high-electron mobility transistors
(P-HEMTs)and circuits, and such semiconductor photonic devices as vertical cavity surface emitting
lasers (VCSELS). [t was in this laboratory that Sandia engineers demonstrated the advantages of
strained-layer superlattices, which today are responsible for the highest-speed, highest-efficiency,
and longest-lived semiconductor lasers, transistors, and integrated circuits available in the world.

The center supports the full range of theoretical and experimental activities for solid-state physics,
materials science, crystal growth, device and circuit design, ana fabrication to develop the next
generation of compound semiconductor electronic and optoelectronic devices. Facilities include
extensive molecular beam epitaxy and metal-organic chemical vapor deposition crystal growth
capabilities, ion implantation, and electron beam lithography in a 6,000-square-foot, Class 100
clean room with state-of-the-art processing equipment.

Sandia’s program for sensor development currently employs over 100 technical professionals
who extend the state of the art in sensor technologies for manufacturing and other applications.
Among the unique facilities utilized are the Microelectronics Development Laboratory (described
above); the Intelligent Machine/Robot Advanced Sensor and Control Laboratory, consist-
ing of 25 different development labs containing the latest commercially available robots, 5-axis
computer-numerically controlled (CNC) machines, mobile platforms, state-of-the-art research
robots, and advanced controllers; the Microsensors Research and Development Laboratory,
including 15 separate research, engineering, and development labs that fabricate, package, and
integrate new sensors into fieldable subsystems; and the Sensor Test and Modeling Laboratory,
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which has numerical modeling and equipment characterization facilities tor environmental,
chemical, electromagnetic, stress, and thermal testing.

The Process Development Laboratory is a facility for advanced prototype manufacturing,
housed in a 100,000-square foot building featuring equipment for hybrid microcireuits, thin films,
printed circuits, ceramics, plastics, and rapid prototyping. The Laboratory coordinates its activities
with the Integrated Manufacturing Technologies Laboratory at Sandia’s Calitornia facility.

The charter of this manufacturing process design center is to tocus on reliability and quality of
manufacturing processes through understanding and qualification of manufacturing processes.
Particular emphasis is given to automation and robaotic handling through complementary programs
both in sottware and in robotic hardware.

This facility also acts as a proving ground for custom sensors for manufacturing processes. Empha-
sis is placed on developing new approaches to joining and sealing dissimilar materials that have partic-
ular relevance to advanced packaging concepts. Collaborations with the Taccoca Institute at Lehigh
University have led the Process Development Laboratory to support empirical investigations of higher-
level manufacturing issues such as control, optimization of material flow, and workspace organization.

To realize custom designs for its customers, Sandia has developed an integrated approach to the
design of microclectronic components and systems. As part of these activities, Sandia writes custom
support software to commercial vendors, which has become the basis for multiple commercial
design packages. Sandia’s integrated software environment combines cireuit-level simulators,
logic-level simulations, as well as both analog and digital system-level simulators with complete
verification from chip to multichip module to printed circuit board.

Sandia’s capabilities and facilities in electronics are comprehensive and span the development
cvele from research to manufacturing support. This competency is certainly unique among U.S.
government facilities and is competitive with the best electronics research and development facili-
ties in the world. The following package of initiative project proposals is designed to exploit these
capabilities to the maximum to benefit both defense and dual-use needs.

Project Proposals for
the Major Initiative in Electronics

Electronics Applications Center
{for the Assistant Secretary for Defense Programs (GB)]

Electronics are at the heart of every weapon system and nearly every commercial product. Electronic
products range in complexity and sophistication from portable radios to sophisticated computers,
“smart” bombs, and life-support systems. Electronics have revolutionized not only the ways in
which the nation defends itself, but nearly all aspects of our lives: Our automobiles now go farther
than 30,000 miles without the need tora tune-up, due in large part to clectronic fuel-delivery systems.
Our homes include a suite of electronically controlled appliances, entertainment devices, security
systems and, in some cases, medical devices that help sustain peoples” Lves.

For over forty vears Sandia has designed manutacturable electronics systems that meet the
stringent surety requirements of nuclear weapons. As outstanding as this accomplishment is, we
need to broaden our applications in order to meet DOE's changing requirements and help improve
U.S. industry’s ability to compete globally.

We propose the establishment of a new Electronics Applications Center at Sandia to mect e
dual-use needs of DOE while providing enabling technologies that help U.S. industry. The center
willaccomplish these objectives by dramatically improving the electronic product realization
processes and associated technologies. The success of the center will be racasured in the ability of
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the technologies it introduces to simultancously shorten the concept-to-product development eycle,
reduce development and manutacturing costs, and minimize product environmental impacts.

The near-term focus of the center’s work will be to improve design and performance modeling
tools. Currently, the best electronic product design and modeling tools require an experienced,
well-trained designer and often a significant capital investment in hardware and sottware. Even
under the best of conditions, there exist very few common ties in data input formats between the
various tools. Consequently, the product designer must euter design data into the initial computer-
aided design file in one format, then reenter the design data in a second format to perform circuit
electrical performance modeling, then a third time to do thermal and mechanical analysis, and a
fourth time to do circuit board physical layout for fabrication, and so forth.

Aninitial thrust in the Electronics Applications Center work will be to develop overlay expert
systems that obviate the necessity for costly duplications of effort. The cost of correcting multiple
entries is seen not only in the time and talent consumed by the current process, but also in errors
introduced and propagated at cach data entry point. These errors often lead to multiple iterations
of prototypes and delay introduction ot the praduct into the marketplace.

Sandia designers were recently able to demonstrate a dramatic decrease in development costand
cycle time. We successfully developed a complicated, high-value defense product from concept-to-
product without ever building a physical prototype. The prototype existed only on computer,

‘The use of this “virtual prototyping” resulted in a well characterized design and a robust product.
The development period was characterized by rapid design iterations and tremendous savings in
cost and development time. This work exemplifies the promise and payottf of the proposed center.

The developmentand use of these advanced product realization technologies in Sandia’s
Electronics Applications Center will ensure the Laboratories” capability to meet DOE's changing
needs. 1t will, as a result of this initiative, be capable of delivering manutacturable designs in much
less time, at reduced development cost, with higher product surety than at any time in its past.

Another thrust in the Electronic Applications Center initiative will be the development of a design
assistant to lead engineers through the concept-to-product cycle in an expert manner. This computer-
based design assistant will facilitate skilled engineers’ use of various tools while simultancously
augmenting less skilled engineers’ capabilities to select and use the most appropriate design tools
and processes. This capability is viewed by many in the electronics industry as a key enabler of global
marheting success for American industry. At the conclusion of this phase of the initiative, the tech-
nologies of the Electronics Application Center will be a truly dual-use capability — tully capable of
meeting DOE needs while providing a strategic capability for the nation’s clectronics industry.

A subsequent phase of this initiative is to operate the Electronics Application Center for the
dual purposes of national security and national economic competitiveness for U.S. electronics
manuacturers. Response to DOE and ease of access by industry will be the hallmarks by which
this center’s viability will be determined.

Crosscutting this initiative is the need and desire to collaborate with other advanced manufacturing
initiatives in both industrial consortia and other federal agencies. The National Information Infra-
structure initiative of the National Institute of Standards and Technology and the Environmentally
Conscious Manufacturing program of the National Center for Manufacturing Sciences are two
examples of potential synergistic relationships that will be explored.

Center for Microelectronics Technologies
[for the Assistant Secretary for Defense Programs (GB)]

The electronics industry, the largest manufacturing sector in the United States (providing three times
as many jobs as the entire domestic automobile industry), is being steadily eroded by fierce, govern-
ment-subsidized foreign competition. This competition threatens the U.S. economy by attacking
its largest manufacturing sector. Of equal importance, foreign competition in microelectronics
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and photonics threatens the security of the United States by reducing the number of domestic
manufacturers of advanced components critical to modern defense systems,

Facing such pressures, the U.S. semiconductor industry has drawn together in unprecedented
fashion. Recently, the U.S. Semiconductor Industry Association released a technology plan for the
U.S. microelectronics industry through the year 2013 that was assembled by 179 of the top ULS.
semiconductor experts from industry, government, and universities. This road map identifies oppor-
tunities for the government laboratories to help industry address their generic technology needs.

In response to the Semiconductor Industry Association’s directly stated needs, Sandia estab-
lished the Center for Microclectronics Technologies to assist the industry in dual-use projects.
This center is created by combining the existing Microclectronics Development Laboratory (MDL)
with a major donation of equipment and technology valued at over $63 million from IBM.

The center will create a centralized site and spawn partnership projects with the U.S. micro-
clectronics industry and universities to develop the technologies, manufacturing equipment, and
advanced processes upon which the future of both commercial and defense electronics depends.
The center will also serve as the arena through which future generations of U.S. graduate students
will be trained in the most advanced integrated circuit technologies in the world.

A combined governing board will select projects that combine teams of researchers selected from
U.S. universities, businesses, and the national laboratories with major industry partners who agree
to commercialize the results. The center’s major impacts are on processing methods and equipment
(singled out as critical elements of this technology on page 87 of the DOE Detense Programs Critical
Technology Plan) and on U.S. semiconductor manufacturing equipment, another key goal.

The federal government is the major beneficiary of this work, both through custom products for
government applications and through support for the domestic manufacturing base that provides
these products. Consequently, it should provide a sustaining level of funds for center operations.
Industry will benefit through specific projects that will be cost-shared with government. Initial
government support should be $50 million per year and should grow to $100 million per year in
five years, an increasing percentage of which will be supported by industry organizations such as
SEMATECH through dual-use programs.

National Optoelectronics Initiative
[for the Assistant Secretary for Defense Programs (GB)]

Optoelectronics will provide the hardware for the information highways that will carry the United
States into the twenty-first century. Optoelectronic elements will provide the high-data-rate com-
munication links between remote manufacturing sites to create the agile enterprises in the DOE
nuclear weapons complex for cost-effective realization of future weapon systems. Over shorter
distances, optoelectronics will become the means by which computers communicate with storage
and output devices and even among multichip modules that will provide the intelligence within
computer workstations in the future.

In the private sector, optoelectronics-based information networks will pervade the lives of citizens
by providing access to vast quantities of data for commerce, information, education, and entertain-
ment. Information highways based on optical components will soon become as critical to our
commercial and defense infrastructure as bridges and highways.

Despite having pioneered the components responsible for this revolution, the U.S. optoelectronics
industry is watching its position in the world marketplace crode. Japan has increased optoelectronics
production from $700 million in 1980 to over $32 billion in 1990, a 32-fold increase in ten years.
During this decade U.S. producers have lost world market share from 50% in 1980 to less than 15%
in 1990. If foreign producers cement their dominant position in optoclectronics, it is unlikely that
U.S. producers will ever recapture sutficient market share to sustain domestic production of these
critical enabling components.
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Similar to the Semiconductor Industry Association for integrated-circuit technology, the U.S,
Optoelectronics Industry Development Association (OIDA) is creating a technology road map to
chart a course for common action, OIDA selected five critical arcas: displays, optical communications,
optical data storage, optical interconnection and switching, and hard copy output. (Displays are
responsible for half the sales volume of electronic products; consequently, a separate project proposal
has been formulated for displays.)

Remarkably, advances in the four other critical arcas (other than displays) are enabled by just
two key competencies: optoelectronic materials and optoelectronic manutacturing, especially
processes and production equipment. These are arcas of particular strengths at Sandia. We propose
applying the resources of the Compound Semiconductor Science and T'echnology Center to support
a national optoelectronics initiative in a dual-use partnership with the U.S. optoclectronics industry.

Optoelectronics manufacturing relies on expensive facilities with specialized production equip-
ment. Sandia’s Compound Semiconductor Science and Technology Center provides the ideal
facility at which cost-leveraged partnerships between U.S. industry, universities, and government
researchers will perform the pre-competitive development of the design tools, processes, and related
production equipment essential for U.S. optoelectronics manufacturers.

Anadvisory board will recommend projects that combine teams of researchers from multiple
organizations. These teams will include major industry partners who will commercialize the results.
This initiative will have major impacts on processing methods and equipment and on manufacturing
equipment, which are as critical for optoelectronics as they are for silicon integrated-circuit production.

Emissive Flat-Panel Display Technology Center
ffor the Assistant Secretary for Defense Programs {(GB)]

Displays form the critical interface between humans and the intelligent microelectronic chips that
operate today’s smart systems. In the future, displays will pervace the defense and commercial sectors.
Not only are displays critical because of their applications, but the manufacturing technologies for
displays also increasingly overlap those needed for multichip module integration, semiconductor
component manufacturing, and even the underlying electronic materials and process development.
Advanced flat-panel displays are predicted by the Japanese Optoelectronics Industry Trade
Development Agency (OITDA) and the U.S. Optoelectronics Industry Development Association
(OIDA) to represent a $20 billion dollar per year component market by 2000.

Despite having pioneered the technologies responsible for all modern displays, the United States
has seen Japanese firms capture 95% of the global display market through their concentration of
resources in a single technology, Active-Matrix Liquid-Crystal Displays (AMLCD). However,
AMLCD technology is deficient in such key attributes as power consumption, color, brightness,
and ability to operate at video rates. AMLCD technology also safters from poor manufacturing
yields due to unavoidable process complexity because each picture unit (pixel) must be operated
by a functioning transistor.

Consequently, an opening exists for competing technologies to overcome the market lead of
AMLCD technology. However, to impact global markets, these technologies must not only demon-
strate performance advantages but also cost and manufacturing advantages. A critical weakness of
these technologically promising display alternatives is the lack of an intrastructure of manufacturing
equipment and processes to permit the transition to volume production. Such infrastructure is
beyond the means of any one institution or corporation and requires a common, neutral site for
cost-leveraged development of enabling, pre-competitive technologies.

Sandia proposes applying selected elements of its Microelectronics Development Laboratory
(MDL) and Process Development Laboratory (PDL) to support the development of technologies
and manufacturing infrastructure for emissive flat-panel displays. Particular programmatic emphasis
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will be given to automation and robotic handling through complementary programs both in software
and in robotic hardware. These facilities also can act as proving grounds for custom sensors for
manufacturing processes. Additional emphasis will be placed on novel approaches to joining and
sealing technologies for dissimilar materials required for advanced display concepts.

Display manufacturing relies on expensive facilities with specialized production equipment.
Sandia provides the ideal location for cost-leveraged partnerships for generating the precompeti-
tive infrastructure of design tools, processes, and related production equipment essential for U.S.
display manufacturers. This display initiative will have major impacts on processing methods and
manufacturing equipment.

Electronics Packaging
[for the Assistant Secretary for Defense Programs (GB)]

Electronics packaging is a key technology for the U.S. electronics industry. As packaging requirements
have become more stringent and the number of interconnections have multiplied, it has become
obvious that the success of complex electronic assemblies depends on the development and
implementation of workable packaging strategics. Since high-reliability electronic assemblies are
at the heart of transportation and telecommunications infrastructures, packaging failures can
aftect the safety and security of people (e.g., inautomobiles and airplanes) and the stability of
national infrastructure systems (e.g., teleccommunications, banking, commerce, etc.).

Sandia is unique among the national laboratories in having the responsibility for delivering pack-
aged components for insertion in DOE weapon systems. We have developed a broad-based scientific
and technical infrastructure supporting the DOE nuclear weapons programs that design, develop, and
certify manufacturable processes for packaging electronic components. This infrastructure includes
package design at all levels; advanced materials and processes for packaging; computer simulation
of the thermal, mechanical, and electromagnetic responses of packages; development of reliability
diagnostics; analysis of packaging failures; and facilities for manufacturing processes and prototype
packages and evaluating package integrity.

U.S. industry has recognized Sandia’s unique, integrated capability in packaging. Sandia is now
working on packaging-related Cooperative Research and Development Agreements with the auto
industry for under-the-hood electronics, the National Center for Manufacturing Sciences for twenty-
first century printed circuit board interconnect technology, and the microelectronics and photonics
industries for high-reliability manufacturing processes, integrated diagnostic environments, and
advanced materials for optical interconnects.

The Electronics Packaging Initiative will expand our packaging manufacturing capabilities in the
area of large-area lithography for multichip modules, flat-panel displays, and printed circuit boards. It
will create a packaging “island™ as part of Sandia’s Technology Information Environment for Industry
(TIE-IN) project and support materials and process development through the Center for Micro-
clectronics Technologies and the Center for Compound Semiconductor Technology. [twill develop
hierarchical reliability testing through Sandia’s National Center for Ultra-Reliability Engineering
(NCURE). Finally, it will provide an educational platform to transition university rescarch in packag-
ing into manufacturable processes. The initiative will be coordinated by Sandia systems engineers
and modeled after the successtul development of the Mark 5 arming, firing, and fuzing program.

Thes initiative will be funded by Defense Programs in support of its mission to produce high-reli-
ability electronics subsystems. However, because of its dual-use nature, it will also receive support from
U.S. industry through cooperative research and development agreements and from the Advanced
Research Projects Agency (ARPA) through the National Center for Advanced Information Compo-
nents, addressing advanced silicon microelectronics and flat-panel display packaging concerns, Out-
year funding can also be expected from the ARPA follow-on to the Technology Reinvestment Project.
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Communication Hardware Development Center
[for the Assistant Secretary for Defense Programs (GB)]

High-data-rate, high-bandwidth communications devices will pervade future electronics, from
compact subassemblies to large terrestrial and space communications systems. The Electronics
Industrial Association (EIA) road map predicts that futare integrated cireuits and high-density,
multichip-module (MCM) packaging will contain thousands of interconnects, resulting in data
rates of tens to hundreds of gigabits per second.

Current interconnect schemes cannot accommodate the packing densities, size reduction,
signal timing, and low crosstalk required by high-density, high-data-rate signals. To resolve these
issues, MCM-to-MCM and board-to-board interconnects will employ ribbon-fiber optics and
free-space photonic interconnects. Terrestrial and space-based communications, as well as local
and long-distance networks between workstations, will employ similar high-bandwidth technology.

Future defense and commercial communications systems will obtain their performance from
compound-semiconductor devices and circuits, including photonic devices, optoelectronic integrated
circuits, high-speed digital integrated circuits, microwave and millimeter-wave devices and circuits,
and photonic interconnects. Due to the combined requirements ot high speed, high frequency, and
high density, future communications systems will require low-power devices and circuits with
device feature sizes below 0.25 microns.

Sandian Rick Schneider and Lim Lott (U.S. Air Force) were members of a team that produced the first electrically injected visible-light

vertical-cavity surface emitting lasers (VCSEL). They are standing by a metaliorganic vapor phase epitaxial growth system from which
wafers containing the lasers are produced. This development builds on the strained-layer superlattice technology that was pioneered
by Sandia in the 1980s.
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We propose to employ prototype communications hardware as platforms for inserting high-
impact compound-semiconductor technology into future defense and commercial systems. We
will exploit the capabilities of our Center for Compound Semiconductor Science and Technology
{CCST) to form partnerships with ULS, industry in developing the design, process, and manutac-
turing infrastructure necessary for developing and manutacturing these advanced communications
components. Sandia will serve as neutral site for technology test beds tor tiber-optic and free-space
interconnects, workstation networks for both local arca and long distance, and microwave and
millimeter-wave terrestrial and space-based communications.

Sandia has recently invented a red VCSEL (vertical cavity surtace-emitting laser) for low-cost,
rugged, plastic optical-fiber networks and reflection amplitude modulators for both 1.06-pumand 1.32-
pm optical wavelengths. Sandia inventions are critical enablers for these proposed communication
technologies. Ongoing Sandia eftorts on compound semiconductor complementary digital circuits
will create novel components and systems for applications requiring low-power, high-speed computing,

This communications hardware initiative will leverage Sandia’s pioneering work in Switched
Multimegabit Data Service/ Asynchronous Transfer Mode (ATM) links. ATM has been endorsed
by the international standards community and has been chosen by Sandia as the enabling technology
for establishing national computing and communications leadership in the Department of Encrgy.

Sandia will address next-generation computer architectures and communications hardware
issues by combining high-impact compound semiconductor technology and advanced hardware
technology. Results will benefit the National Information Infrastructure by addressing high-capacity
computer networks as well as satellite communications (using Sandia’s 60 gigahertz satellite cross-
link) for advanced transportation initiatives and wireless communications.

By directly supporting enabling technologies that will lead to smaller, higher-speed computers,
this initiative will address several DOE defense-critical technologies. [t will enhance signal processing
and data fusion for synthetic aperture radars engaged in real-time imaging for DOE defense appli-
cations. Size reduction will enhance embedded computer systems for flight demonstrations of
“smart” bombs. This initiative also supports the DOE technology base by focusing and employ-
ing both microelectronics and photonics and engineered materials technologies,

Sensors
[for the Assistant Secretary for Defense Programs (GB)]

Advanced sensors are the means by which “intelligent” (computer-controlled) processors monitor and
control the operation of systems and manufacturing processes. Sandia has developed novel families of
sensors that sense a range of chemical, thermal, electrical, and mechanical properties for defense and
commercial applications, including weapon state-of-health monitoring, manufacturing process con-
trol, detection ot environmentally hazardous chemicals, and other dual-use monitoring applications.
Such sensors, fabricated with Sandia’s unique microelectronic and materials technologies, enable
broad new applications in remote monitoring, industrial process improvement, and real-time control.
Commercial applications include assessing the reliability of packaged microclectronic products,
continuous evaluation of the quality and viscosity of vehicle engine oil, identifying the presence of
environmental pollutants, and indicating the presence and concentrations of explosive gases.
Otherapplications of Sandia’s sensor technology directly impact the weapons stockpile, weapons
surety, advanced weapons designs, and process sensing/control for Complex 21. An example of
such applications envisions advanced, chemically selective sensors and the integration of radiation
sensors and sensor arrays to detect very low levels of corrosion byproducts to monitor the integrity
of the stockpile and indicate the potential for problems. Chemical sensors are now being used to
monitor weapon production processes by providing real-time control of possible chemical emissions
into effluent streams at DOL manufacturing facilities. This is an application for which laboratory-
sized analytical instruments are not cost-cftective or suitable due to power and space limitations.
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Sandia’s hydrogen microsensor garnered a 1993 R&D 100 award. Hydrogen, encountered in a large variety of industrial, space, and mili-
tary applications, poses a significant fire and explosion hazard. Sandia’s hydrogen microsensor has many advantages over older tech-
niques. It is smaller, lighter, faster, and less expensive than older instruments and works over greater dynamic and temperature ranges.
Each microsensor contains palladium-nickel gate MOS (metal oxide semiconductor) transistors. The threshold voltage of the transistors
shifts in response to the concentration of hydrogen in the ambient air. The palladium-nickel alloy is unique in that it allows detection of
hydrogen at the parts-per-million level but does not fail at higher concentrations. Fabrication of the control electronics and tempera-
ture-regulation devices on the same chip as the sensor provides miniaturization, manufacturability, sensitivity, and stability. Use of
microelectronics fabrication techniques allows batch fabrication of more than 8,000 identical sensors per production run.

This new technology is already being used in ground-based test facilities at the National Space and Aeronautics Administration and
has been included as part of a robotic test probe developed to monitor underground radioactive waste storage tanks. No previous
hydrogen detection technology would have met the stringent requirements of these applications.

The suite of Sandia sensor technologies is being continuously refined and augmented with
related Sandia microelectronic, materials science, signal processing, packaging, and subsystem
technologies to expand the range of applications. We propose to integrate these sensor activities
into a unified program for maximum synergy with a multitude of government, university, and
industrial customers. By forming partnerships with industry to develop sensor manufacturing
methodologies and leverage development costs, Sandia will serve as the nucleus around which the
nascent U.S. sensor industry can generate the technologies and produce the components it needs
to transform the production and operation of future commercial and defense systems.

These sensor technologies have significant dual-use interest for manufacturing oriented applica-
tions, particularly for the semiconductor industry, the automotive industry, the machine tool industry,
the textiles industry, and the petroleuny industry. Sandia’s novel transducer developments, based on
ultrasonic, fiber-optic, and solid-state technologies, have solved characterization and monitoring
problems for improved manufacturing yield, quality, environmental compliance, and functionality.

“Smart” Micromachines
ffor the Assistant Secretary for Defense Programs (GB)]

Micromechanics is an emerging tield which uses microelectronic fabrication techniques to build
ultra-miniature mechanical structures with micrometer-dimensioned feature sizes, The small size,
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low power requirements, and ruggedness of micromachined elements are highly attractive in modern
systems and applications. Consequently, micromachining is truly a dual-use enabler. Enormous
markets for micromachined components are likely in the automotive, biomedical, acrospace, and
robotics industries, as well as in environmental monitoring and restoration, for the sensors and
actuators that can be built using these techniques. The same families of micromachined structures
are important for such Defense Programs applications as ultra-rugged, ultra-miniature clock struc-
tures for use in weapon systems and a micro-mechanically fabricated version of a stronglink switch,

Micromachining technology is still in its infancy. A major advance in the evolution of microma-
chined components will occur when micromachines are integrated with low-power, complementary
metal-oxide semiconductor (CMOS) integrated circuits on a single chip. The benefits of integrating
CMOS integrated circuits with mechanical microstructures are greater accuracy, performance, and
additional functionality, and they derive from improved signal processing and reduced noise and
parasitics.

While it is widely recognized that most applications would greatly benefit from the ability to
integrate control electronics on the same chip as the micromachines, few micro-mechanical ettorts
in the United States have the infrastructure, capacity, or capability to both develop this integrated
technology and make it available to industry. Sandia proposes to collaborate with U.S. industry to
revolutionize the manufacturability, functionality, and applicability of micromachined devices
through the on-chip integration of micromachines with control electronics. This activity will exploit
our unique Microelectronics Development Laboratory for sub-micrometer-dimension integrated-
circuit technology, as well as our extensive experience base in micromachining technology.

The proposed smart micromachining effort will allow U.S. industry and universities to pursue
specific projects that require an integrated micromechanics technology. This project will be operated
by a government-industry-university partnership for cooperative development and highly leveraged
fabrication of this unique technology. This activity would lead to a low-cost, manufacturable
“smart” n icromachines technology and demonstration platforms that can be applied both to
defense and commercial needs.

Funding Requirements for Initiative Project Proposals in Electronics
(Dolfars in constant FY 1994 millions; personnel in FTEs)

Year 1 Year2 Year3 Year4 Year5

Electronics Applications Center

Operating 45 8.0 8.0 8.0 6.5
(apital Equipment 10 30 2.0 20 1.0
Total Cost 55 1.0 10.0 10.0 7.5
Direct Personnel 20 35 35 35 30
Center for Microelectronics Technologies
Operating 45.0 60.0 75.0 90.0 100.0
(apital Equipment 120 15.0 180 180 200
Total Cost 57.0 75.0 93.0 108.0 120.0
Direct Personnel 90 120 150 180 200
National Optoelectronics Initiative
Operating 25.0 33.0 45.0 60.0 70.0
(apital Equipment 10.0 13.0 16.0 18.0 20,0
Total Cost 35.0 46.0 61.0 78.0 90.0
Direct Personnel 50 66 90 120 140
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Funding Requirements for Initiative Project Proposals in Electronics (Continued)
(Doltars in constant FY 1994 millions; personnel in FTEs)

Emissive Flat-Panel Display Technology Center
Operating
Capital Equipment
Total Cost

Direct Personnel

Electronics Packaging
Operating
Capital Equipment
Total Cost

Direct Personnel

Communication Hardware Development Center
Operating
Capital Equipment
Total Cost

Direct Personnel

Sensors
Operating
Capital Equipment
Total Cost

Direct Personnel
“Smart” Micromachines
Operating
(apital Equipment
Total Cost

Direct Personnel

Total, Electronics
Operating
Capital Equipment
Total Cost

Direct Personnel

Year 1 Year2 Year3 Year 4 Year5
25.0 330 45,0 60.0 70.0
100 130 160 180 200
35.0 46.0 61.0 78.0 90.0
50 66 90 120 140
13.5 18.0 240 30.0 35.0
4.5 45 6.0 60 60
18.0 22.5 300 36.0 41.0
27 36 48 60 70
7.0 8.5 100 12.0 14.0
3.0 40 50 50 3.0
10.0 12,5 15.0 17.0 17.0
13 15 18 18 18
123 14.1 15.5 16.8 18.1
1.2 1.7 2.3 26 3.1
13.5 15.8 17.8 19.4 21.2
52 60 65 70 76
13.5 18.0 240 30.0 35.0
4.5 45 6.0 6.0 6.0
18.0 225 30.0 36.0 41.0
27 36 48 60 70
145.8 1926 246.5 306.8 348.6
46,2 58.7 N3 75.6 79.1
192.0 2513 317.8 382.4 427.7
329 434 544 663 744

Institutional Plan FY 1994 ——1999




Information and Computational Technology

Computational simulation is playing an ever increasing role in enhancing the security and economic
prosperity of the United States. In the future, it will be both cheaper and faster, as well as more accurate
and informative, to use computational simulation when designing, optimizing, or simulating a system
or process than to perform costly trial-and-crror experimentation.

Computational simulation has historically been important to Sandia’s national security and
energy missions and is also key to the future of Sandia and the Department of Energy. The advent
of revolutionary massively parallel and distributed hardware, software, and communications
capabilities in high-performance computing (in which Sandia has played a seminal role) is redou-
biing the importance of simulation.

Major applications in nuclear weapons design and safety are being joined by new strategic
applications in materials and chemistry, including chemical vapor deposiuon and chemiical reactors,
semiconductor processing and device simulations, band-gap engineering of new electronic and
optoelectronic materials, simulation of enzymes and synthetic catalysts, as well as design of polymeric
materials. For the oil and gas industry, new massively parallel simulations are allowing huge leaps
in ourability to process and interpret scismic exploration data and in our ability to simulate reser-
voir production and management. ‘The metallurgy industry is benefiting from rapid prototyping
of new case parts made possible by the integration of detailed computational simulation of the casting
process into the design of investment castings. Enhanced national security applications in radar
imaging and signal processing are growing out of hundredfold increases in simulation capability.
Design of synthetic enzymes is leading to new schemes for remediation of hazardous pesticides
from the environment. Porous flow modeling is allowing accurate mapping of groundwater
transport of hazardous wastes.

Over five hundred Sandia engineers and scientists are involved in the development and application
of computational technologies. One of our distinguishing strengths in this area is the ability to develop
and integrate theoretical models, advanced numerical methods, and computing technologies to
create robust, state-of-the-art tools for simulating complex systems and processes.

The Massively Parallel Computing Research Laboratory at Sandia is a national resource
for research in high-performance computing and for its application to problems in science and
engineering. An interdisciplinary team of over 60 research staff carries out projects in computational
and computer science as well as discrete and numerical mathematics. These staft have access to
unique massively parallel computers, including the new Intel PARAGON, with nearly 2,000
processors, 40 gigabytes of memory, and peak speed of 140 gigatlops; a 1,000-processor nCUBE
2;and a 16,000-processor Connection Machine.

The Massively Parallel Computing Research Laboratory has led the development of massively
parallel computing algorithms and applications since its award-winning introduction of massively
parallel techniques for real engineering applications in 1987. A total of five awards have been received
since 1987 recognizing Sandia’s seminal contributions to massively parallel computer technology.
Major thrusts of the laboratory inctude the DOE Grand Challenge in Computer Design of Catalysts
and Biocatalysts and development of a broad spectrum of massively parallel applications, including
turbulent fluids, chemical vapor deposition, Knudson flows, porous media, quantum monte carlo
for molecules and many-particle systems, massively parallel electromagnetics, and signal processing.

[n developing these strategic applications, researchers at the laboratory have made a series of
algorithmic innovations, including highly effective massively parallel linear algebra methods, inno-
vative new algorithms for molecular mechanics and dynamics, highly scalable methods for quantum
chemistry, automatic finite-clement adaptive mesh generation techniques, and powerful domain-
decomposition and load-balancing techniques, as well as new massively parallel data visualization
methods. Advances in systems technology include portable, light-weight parallel and distributed
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Sandia researchers have developed an innovative mesh-generating

algorithm that can drastically reduce the time required for computer-
aided design of industrial products. This work won a 1993 R&D 100 award.

Before computer analysis can be applied to the design of any complex
object, the analyst must generate a customized geometric grid or “mesh.”
First, the domain of the problem must be descrined in mathematical terms.
The resultant model often shows the object as a solid three-dimensional
shape or a representation of surfaces. Second, a computational mesh must
be inscribed in the domain. This task involves breaking the problem into
appropriately sized pieces —representing the surfaces in discrete regions
that are all connected. The resulting computational mesh, defining the
points where equations are to be solved, conforms to the surfaces. A well-
defined mesh is finer where the variables of the problem are known to
change rapidly and coarser where they do not.

Designing meshes is a difficult and time-consuming task. Mesh
generation is a limiting factor for analyses in support of product
design. For example, to generate the mesh for an automobile for a
computer simulation of a crash requires six to eight weeks—too long
for engineers to perform iterative design work effectively.

The Sandia three-dimensional surface-meshing algorithm called
“Paving” does much of this process automatically. It can generate a
mesh in a unique manner that exceeds conventional methods.

operating systems, virtual reality environments, new multi-threaded architectures,
object-oriented C++ constructs for massively parallel applications, and new rout-
ing algorithms. Numerical rescarch at the Massively Parallel Computing Rescarch
Laboratory is complemented by thrusts in discrete mathematies that include
algorithms for difficult combinatorial optimization problems. This work also
involves new communications algorithms for parallel and distributed computing,

In response to a request from the DOE Office of Scientific Computing, we
have broadened the scope of our discrete mathematics rescarch to include
computational biology. The goal of this effortis to develop computational
techniques that are robust and can be used to validate biological data. Weare
currently working on using data obtained on short segments of DNA to recon-
struct the order in which these segments occurred in the DNA sequence, and
developing techniques for jointly constructing evolutionary trees and multiple
sequence alignment to better predict protein folding and function.

The Center for Computational Engineering is an interdisciplinary team
located at Sandia/ California comprising physicists, chemists, biologists,
mathematicians, computer scientists, and engineers who interact

with a broad external community. The center focuses on
applications and works directly with customers to help
find the most cost-effective solutions to their problems.

One major thrust of the Center for Computational
Engincering is computational chemistry for chemical
and biochemical modeling. Work in this area ranges
from quantum chemistry representation of small mol-
ccules (less than fifty atoms) through molecular dynamic
simulations of intermediate-size molecules (hundreds of
atoms) to macroscopic diffusion processes involving
molar quantities of atoms. Significant recent results have
included understanding the binding of cyclophos-
phamide (a cancer drug) to cell DNA and using
advanced genetic algorithms to determine the molecular
structures of biologically interesting proteins. One real-
izable product of this computational chemistry expertise
is rational drug design, wherein biologically active chem-
icals can be designed from first principles to reduce the
staggering cost of developing pharmaceuticals.

Other work at the Center for Computational Engi-
neering includes modeling to assist in the development
of plasma flat-panel displays and to understand the
movement of contaminated groundwater through
geological media. In addition, simulations are performed
of manufacturing operations and health care delivery
systems. Each of these activities is being pursued with a
different external customer.

A major driving force in the rise of the information
age is the development of low-cost, high-performance
workstations. The availability of these workstations is
stimulating the explosive growth of multimedia technol-
ogy (merging voice, video, and data) that will form the
basis for a wide spectrum of applications linking people
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together clectronically. Sandia has been concentrating on object-oriented design to develop a fully
integrated distributed system that ties together the factors “required to solve a problem™: compu-
tational analysis; communication (multimedia and mail); and storage and access (networking,
graphical front-ends).

We have established the Heterogeneous Environment and Test-bed (HEAT), consisting of
the latest workstations from each of the five major workstation vendors linked together. The objective
ofthe HEAT project is to develop techniques for implementing clustered heterogeneous computing
and the network optimizations required to increase the applicability of this technology. We have
also developed metacomputing tools such as the Parallel Object-Oriented Environment and Toolkit
(POET) and the Distributed Audio-Video Environment (DAVE) as intelligent system interfaces
to enhance the productivity of users. In both cases, our efforts have focused on applications to assure
that requirements are met for collaborative engineering in support of advanced manufacturing.

Computer networking and wide-area communications have undergone explosive growth in
performance and capability in the past few years. One consequence of this improvement has been
arapid transition to computing environments that are distributed over long distances, in which
users working at powerful but relatively inexpensive workstations can remotely access large super-
computers and database servers at a few centralized locations.

Paul Fleury and David Womble discuss output from Sandia’s massively parallel intel PARAGON supercomputer. At this writing, the computer
is the world’s fastest computational machine, operating at 140 gigaflops (billion floating-point operations per second). Sandia computer
scientists will use the computer to help find solutions to currently unsolvable problems.
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These environments are leading to versatile new approaches to multiple party interactions in
which people can participate from afar — including classroom education, medical treatment, cot-
laborative engincering projects, and scientific experiments — and are serving as the model for
information dissemination nationwide. Sandia, uniquely positioned with two widely separated
major locations, has already moved to such a model by centralizing its supercomputers at Albu-
querque under its supercomputer consolidation project. This effort, which provides ready access
to Sandia’s supercomputers and storage servers from both the California and New Mexico loca-
tions, will result in substantial savings in the cost of computing resources and has permitted us to
develop the technology base for achieving a robust information infrastructure both within and
outside the Laboratories. For example, we developed a D83 (45 megabits per second) delay and
error simulator that we used to design and test our intersite network in the laboratory. As a result,
the network worked the first time when installed in the field.

This work, as well as our other networking activities, will enable Sandia to play a major role in
creating an information infrastructure that will place the United States in a dominant position to
compete in a global information-based society. Our capabilities in networking and communica-
tions were recognized by [nterop in presenting us the Interop Achievement Award for excel-
lence in implementing the most sophisticated multi-vendor corporate internetwork, and
for making the most effective use of inter-networking technology to further our business goals.

Information surety is concerned with protecting information from unauthorized access, from
unauthorized or accidental modification, and from loss of access. This field has been and will con-
tinue to be an essential discipline for Sandia’s responsibilities in command and control of nuclear
weapons. Consequently, we have developed extensive capabilities in information surety at Sandia.
These capabilities include the design and analysis of cryptographic algorithms and protocols;
adversarial analysis of hardware, software, and total systems; design and analysis of access control
systems; development of high-speed communication network security systems; development and
fielding of use control systems; development and testing of tamper resistant technologies; testing
of biometric identification techniques; and development of computer security techniques. We
regard our synthesis of these capabilities in one organization as a diferentiating strength.

Project Proposals for the Major Initiative in
Information and Computational Technology

Computational Manufacturing
[for the Assistant Secretary for Defense Programs (GB)]

Realistic simulation of product, process, and production is one of the key capabilities in realizing
information-driven manufacturing (see page 5-6). Complex 21 will require increased use of com-
putational systems design, simulation of prototyping and manufacturing processes, and simulation
of system performance and reliability under design conditions as well as in response to abnormal
environments. Thus, the development of rapid prototyping and agile manufacturing techniques
n:t-.t build on emerging simulation capabilitics that are so advanced that they enable virtual proto-
typing and processing and, ultimately, computational design of entire systems. These technologies
depend on Sandia’s new thrusts in developing engincering simulation environments,

New user-friendly, powertul environments are beginning to combine solid modeling, automatic
mesh generation, and domain decomposition for parallel processing with algorithms for heat transfer,
materials mechanics, fluid flow, and chemistry. Techniques are being develvped for real-time,
desktop visualization of simulation data; they will be important new additions to the engineer’s
computational tocikit.
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"The needs of Complex 21 are mirvored in U.S. industry, where requirements {or ever-diminishing
product development cycles demand constant innovation. Today and tomorrow, one of the most
important advantages will come from the use of computational virtual prototyping of processing
tools. Sandia’s leading-edge high-performance computing simulation capabilities are already being
transferred to U.S. industry in partnerships facilitated by cooperative rescarch and development
agreements (CRADAs). Our computational simulation technologies are a major rescarch and
development resource for American industry.

Center for Industrial

High-Performance Computing Applications
[for the Assistant Secretary for Defense Programs (GB)]

The Massively Parallel Computing Research Laboratory is rapidly becoming a major center for
industrial applications of high-performance computing and communications. More than a dozen
cooperative research and development agreements (CRADASs) have already been funded for
high-performance computing technology partnerships with U.S. industry in the first year of
DOE’s Technology Transfer Initiative.

These CRADASs, and some conventional work-for-others arrangements, include leadership
of a major initiative in computational materials and a major partnership with industry to develop
new massively parallel database technologies and light-weight massively parallel operating systems.
Advanced simulation techniques are being applied to new problems in biology, including devel-
opment of new defibrillation techniques and design of new medical compounds. Innovations
developed for scientific and engineering simulations are finding new application in the field of
volumetric medical imaging for diagnosis and surgical intervention and are the basis of several
partnerships with the health care industry.

New thrusts in discrete mathematics are having both scientific and industrial impact and will
play a major role in developing the new national information infrastructure. They include combina-
torial methods for computational biology and many kinds of networks. Research in surety, security,
and privacy for communications and computing is anticipating the needs of “Info-America” and is
finding immediate application in the financial and medical industrics.

Advances in high-performance computing and communications technologics are providing
revolutionary new capabilities for designing and optimizing products on computer. These technolo-
gies are alrcady a key to numerous Sandia partnerships with companies in the computer, microclec-
tronics, manufacturing, health care, and energy and environment industries, and they supportall
of Sandia’s core competencies and program sectors.

The Center for Industrial High-Performance Computing Applications will help coordinate and
foster the development and application of critical high-performance computing and communications
technologies at Sandia’s many designated and undesignated user facilities (e.g., the Massively Parallel
Computing Research Laboratory, the Center for Computational Engineering, the Combustion
Research Facility, the Center for Microelectronics Technologies, the Advanced Manufacturing
Center, the National Center for Advanced Information Components). The center will help form
interdisciplinary teams to solve nationally important problems and accelerate the development of
software through expanded collaborations.

This initiative moves the Massively Parallel Computing Research Laboratory toward providing
industry with one-stop access to comprehensive assistance in high-performance computing, The
Center for Industrial High-Performance Computing Applications will strengthen the Sandia rose
as executive director of the DOE Forum for Industrial High-Performance Computing with a mission
to act as the point-of-contact for industry regarding computing and to develop software inter-
operability for massively parallel machines in partnership with industry.
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Metacomputing Environment and Tools
[for the Office of Energy Research (KC07)]

The next major phase of our distributed computing and networking program expands to include
the optimization of the communications stack and the development of a software super architecture
to integrate the distributed components into a transparent system. In this next phase, we willapply
the experience we have gained from our current work to the design of a communications stack
optimized at all levels: protocols, message passing libraries, and the underlying hardware.

This work will result in a system with less latency and greater bandwidth, increasing the range
of applications that will achieve optimal performance ina distributed environment. Simultancously,
we will investigate methods for supporting an architecture that incorporates the elements of our
distributed infrastructure in an object-oriented framework to permit rapid prototyping and flexible
support of information science applications. The environmeant will contain a set of tools that can
be collected for processing a problem. Networking software and communication capabilities will
enable the rapid and transparent movement of data between the set of software tools.

By utilizing object-oriented techniques, these software tools will be suitable for a wide range of
applications. This environment will reduce the cost of software by accelerating sottware development,
increasing the reuse of software, and decreasing software maintenance. The metacomputing envi-
ronment will be used for distributing and controlling software, assigning multiple computers toa
task, and obtaining information from multiple sources for a task.

Our technology transfer activities range from applications with partners such as Alcoa, Ellery
Systems Software, AT&T, and uthers, to technology infrastructure with such partners as Fore Systems,
Digital Equipment Corporation, Hewlett-Packard, Sun Microsystems, IBM, AT&T, and others.
In all of our efforts, we are collaborating with industry to ensure the highest quality and broadest
applicability of the resulting products.

Information Surety
[for the Assistant Secretary for Defense Programs (GB)]

Sandia is applying its outstanding capability in cryptology and command and control to new
problems of national importance. Information surety is an essential technology for the development
of the National Information Infrastructure and a national information cconomy. Inan information
economy, the value of information will be such that information will become a lucrative target for
criminals and national adversaries, As with other forme of security, not only will it be necessary to
develop a national information security system, but it will also be necessary to constantly reassess
and improve the security of the system in light of unpredicted advances in technology.

Sandia is well-positioned to lead a national research and developiment effort in information surety.
Projects have been started to develop the high-speed network security systems that will be required.
U.S. industry has already shown an interest in collaborating with Sandia to develop technologies to
provide security in computerized medical records and to improve the security of financial transactions.

As the DOE nuclear weapons complex moves toward agile manufacturing systems, information
surety will play a critical role. Moreover, this area will continue to be an essential technology foun-
dation tor Sandia’s responsibilities in command and control of nuclear weapons. One of the many
technologies that must be developed is a robust method for identifying individuals, either in person
or remotely. An identification card could be designed that prevents impersonation by combining
cryptography, tamper-resistant data storage, and biometric identification. Such a card would be
used to improve the security of many current identification needs, such as credit cards and other
bank cards; controlled access to secure facilities; shopping, banking, and voting by telephone; and
access to sensitive information. Sandia could develop identification methods that would satisty
the demands of all of these applications and reduce vulnerabilities for fraud.
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National Information Infrastructure Test Bed
[for the Assistant Secretary for Defense Programs (GB)]

The U.S. government is committed to accelerating the development of information technologies
and a National Information Infrastructure that will respond to the economic and social demands
of the twenty-first century and meet the needs of Department of Energy missions in nuclear weapons,
energy, environment, and education. We have formed a collaboration with industry, universities,
and other government laboratories to establish a nationwide high-performance test bed called the
National Information Infrastructure Test Bed, to develop and evaluate the performance and inter-
operability of networking technology and distributed computing applications for the National
Information Infrastructure.

The test bed will provide a forum to facilitate exchange of precompetitive information and
practical experience on information technologies and applications. It will expedite and support
near-term implementation of the National Information Infrastructure as an active collaboration
between U.S. industry, government, and universities. This initiative builds directly on our capa-
bilities in distributed computing and networking and is ultimately connected to our interests in
metacomputing environment and tools.

Technology Information Environment for Industry (TIE-IN)
[for the Assistant Secretary for Defense Programs (GB)]

A new tool for technology transfer, the Technology [nformation Environment for Industry (TIE-
IN), is being developed at Sandia. The two primary goals of TIE-IN are to increase the leverage of
Department of Energy technology transter efforts with a system that can reach hundreds or thou-
sands of businesses and to reduce the investment required by industry to utilize national lubora-
tory technologies.

TIE-IN will use advances in information and computer technologies to build smart front-ends
for many DOE technical capabilities and electronically guide users through the process of obtaining
solutions. These smart front-ends will provide leverage for DOE by minimizing direct staff interaction
with users. It will also minimize the required industrial investment by relieving users of the need to
obtain or maintain specialized technical expertise and equipment.

TIE-IN will be supported by a user facility that operates as an electronic extension service to allow
users to obtain solutions to problems from remote locations. These users would not require a high
level of specialized technical expertise, nor would they incur the very large expenses associated with
employing specialized analysts, maintaining software libraries and a software maintenance staff,
developing custom databases, and purchasing and operating high-performance computing and
experimental equipment.

Massive Data Processing, Storage, and Management
[for the Assistant Secretary for Defense Programs (GB)]

On-line, high-speed access to distributed multi-terabyte databases can enable new paradigms for
scientific and engineering collaboration, for interacting with computational simulations, and for
disseminating scientific and computational results. The infrastructure for storage, query, and
search and retrieval of “mixed media” (large-scale numerical data, graphics, and video) databases
remains to be developed.

A project at Sandia is needed to maximize return on such computational simulation initiatives
as TIE-IN and Sandia’s leadership role in the National Consortium for High-Performance Com-
puting. The effort will develop:
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Software tor efticient manipulation and querying of mixed media data,

Technology for seamless inter-operation of storage servers distributed around the country,
Associated user and high-speed network interfaces to enable users to interact with data in
new ways, and

4. Standards in concert with appropriate commercial and government entities.

W f —

These technologies will be incorporated into interfaces for massively parallel servers, including
the Intel Paragon and nCUBE 3 supercomputers, via collaborative research and development with
industrial partners such as Oracle Systems, Inc., and major rescarch universities such as MI'T,
Stanford, and the University of California.

The concept of “data,” which traditionally has been regarded as text and numbers, has now
been broadened to include text, graphics, video, sound, animation, and the temporal links between
data types during presentation to the end user. In addition, high-performance computing and dis-
tributed processing will lead to orders-of-magnitude increases in the volume and geographical
distribution of data associated with any particular event. New techniques are needed to provide
storage for such multimedia data in a manner that is efficient and transparent to the end user.
Such techniques must include methods to store data as a conglomerate of different types and
allow for distributed locations of individual components. They must also provide fetch, store, and
translation mechanisms for a wide variety of computing equipment and rely on high-performance
communication networks to make data location irrelevant. .

Wireless
[for the Assistant Secretary for Defense Programs (GB))

Wireless technology will play a key role in futurc multimedia communications. It isan important
component of providing mobility and quick set-up in locations devoid of other communications.
It may also be the only way to provide reliable communication with individuals who move about
but must be monitored for purposes of control or protection (for example: life systems monitoring
ofindividuals with high-risk medical conditions; stress monitoring of security personnel; location
monitoring of offenders who do not require incarceration).

Today’s cellular phone technology illustrates the concept of this kind of portability, but it is
incapable of supporting the high bandwidths and global availability required for the wide variety
of multimedia applications now emerging. Today’s wireless technologies must be enhanced to
provide high-bandwidth secure communications, high reliability, and global availability while
minimizing the weight, power, and possible health risks (from prolonged, proximate exposure to
radio-frequency radiation) associated with the use of such portable communication terminals.
Other required advances in technology include:

Efficient methods of frequency sharing and re-use,

Compression techniques for data, particularly video and image data,

Efficient cryptographic techniques to ensure privacy, integrity, and authenticity
of communications, and

4. Integration into larger, nonportable, multimedia communication systems.

o Do —
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(Dollars in constant FY 1994 millions; personnel in FTEs)
Year 1 Year2  Year3

Computational Manufacturing

Operating 4.0 6.0 8.0
(apital Equipment 10 05 10
Total Cost 50 6.5 9.0
Direct Personnel 12 15 20
Center for Industrial High-Performance Computing Applications
Operating 4.0 50 6.0
Capital Equipment A0 2000 10
Total Cost 5.0 250 7.0
Direct Personnel 10 15 20
Metacomputing Environment and Tools
Operating 7.0 9.0 100
(apital Equipment 10 10 10
Total Cost 8.0 10.0 1.0
Direct Personnel 25 30 35
information Surety
Operating 9.0 1.0 11.0
(apital Equipment s 05
Total Cost 9.5 1.0 1.5
Direct Personnel 35 40 40
National Information Infrastructure Test Bed
Operating 6.0 8.0 9.0
(apital Equipment 0 10 10
Total Cost 7.0 9.0 10.0
Direct Personnel 20 25 30
Technology Information Environment for Industry (TIE-IN)
Operating 7.0 9.0 10.0
Capital Equipment 05 05 0.5
Total Cost 75 9.5 10.5
Direct Personnel 25 30 35
Massive Data Processing, Storage, and Management
QOperating 30 3.0 4.0
(apital Equipment 10 1.0 1.0
Total Cost 4.0 4.0 5.0
Direct Personnel 10 10 15

Year4

80
05

85
2

8.0
200
280

25

10.0

no

35

1.0
1.0
40

9.0

10

10.0

30

100

05

105
35
40
10
50

15

Funding Requirements for Initiative Project Proposals in Information and Computational Technology

Year3

9.0
10
10.0
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10.0
10
35
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5.0
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Funding Requirements for Initiative Project Proposals in
Information and Computational Technology (Continued)
(Dollars in constant FY 1994 millions; personnel in FTEs)

Wireless
Operating
(apital Equipment
Total Cost

Direct Personnel

Total, Information and Computational Technology

Operating
(apital Equipment
Total Cost

Direct Personnel

Year 1

40

Year 2

4.0

4.5

Year3 Year4  Year5
4.0 6.0 8.0
45 6.5 8.0
10 20 20

620 66.0 69.0
65 245 55
68.5 90.5 745

205 220 225

Institutional Plan FY 1994 - 1999




Transportation Energy Technology
and Infrastructure

Improving the nation’s economic competitiveness will depend heavily on greater energy efficiency
and transportation modernization to allow our industries to meet upcoming challenges. Advances
in these areas should be pursued through an integrated initiative, since transportation accounts for
alarge portion of national energy consumption.

Weaning the transportation system from exclusive reliance on petroleum fuels would reduce
the nation’s vulnerability to oil supply and price shocks. This result can be achieved through the
development of cost-competitive alternative fuels such as ethanol and methanol and greater use of
natural gas and electricity. Increasing transportation energy efticiency by improving the efficiency
of vehicles and the transportation system as a whole is aiso required.

While major reductions in vehicle emissions have been achieved during the last twenty years
through federally mandated improvements in vehicle fuel efficiency, the Department of Trans-
portation (DOT) forecasts that total emissions will begin to increase again after 1996. This rever-
sal will occur (despite the fact that more stringent fuel efficiency standards will be in effect)
because total vehicle miles traveled is increasing faster than improvements in fuel efficiency. Fed-
eral air quality standards cannot be achieved or maintained in the long term unless significant
changes occur in urban transportation systems.

The satety and efficiency of the transportation infrastructure can be greatly improved, Americans
now lose over two billion work hours per year from traffic congestion, and several major cities are
forecast dramatic decreases in average freeway speeds over the next several years. Transportation
issues are also closely tied to the goal of improving national economic competitiveness, and they
will have an even greater impact in the coming years. The interactive nature of a growing and
changing economy is significantly affected by the availability and cost of transportation. If trans-
portation systems impose a relatively high burden on U.S. producers, they will face an institution-
alized impediment to competitiveness. This realization is evident in the aggressive modernization
of transportation systems in Japan and Europe.

Technological innovation is needed to modernize our systems in order to ensure a secure and
prosperous future. The enabling legislation to address these needs is the Intermodal Surface
Transportation Efficiency Act (ISTEA) of 1991. This act sponsors the creation of the nation’s
future transportation system and encourages the Department of Transportation to enlist the
competencies of the Department of Energy national laboratories in this task. The solutions to the
nation’s transportation problems can be achieved through a systems approach that integrates and
applies the talents of these two agencies, the national laboratories, and industry.

Sandia has conducted lead functions in transportation for the Department of Energy for four
decades. These functions are broad in scope, serving several DOE customers and benefiting from
synergy in several areas.

Sandia has been the lead laboratory for transportation technologies associated with the safe,
reliable and monitorable movement of defense hardware since its inception. This historical mission
role includes infrastructure issues in geographic information system tracking of trucks, full vehicle
system design and production oversight, and reliability and safety integration. For nearly twenty
years, we have held a similar lead role for transportation systems for radioactive and hazardous
materials for both the Department of Energy and the Department of Transportation. This role has
dealt with infrastructure issues, including the geographic information system, cask design and
certification, safety, performance assessment, and manufacturing. These two mission responsibil -
ities have also allowed Sandia to play important roles internationally in transportation of special
materials in the former Soviet Union and in ocean and air transport of reactor fuel around the world.
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Sandia’s energy-related transportation responsibilities have been primarily focused on lead
laboratory responsibilities in engine combustion technology and advanced batteries. The engine
program is a model government/university/industry partnership and has demonstrated to indus-
try the valuable contributions the national faboratories can make. Because of these successes,
Sandia has seen enormous interest from the U.S. auto industry in seeking our participation in
their recent thrusts for improvement. In the past year, numerous cooperative rescarch and devel-
opment agreements have been formulated between Sandia and the auto industry.

Because of these broad system successes at Sandia— information systems, propulsion systems,
storage systems, vehicle system design and manufacture, reliability and safety integration, and multi-
lab coordination —we are embarking on this initiative with the objective of playing an even larger
role in the U.S. transportation infrastructure and vehicle system technology development. Our
historical competency in systems integration, coupled with our experience in transportation, should
be utilized by the departments of Energy, Transportation, and Commerce to maximize their mission
successes. This major initiative proposes to direct Sandia’s core competencies toward practical
solutions to transportation problems.

Project Proposals for the Major Initiative in
Transportation Energy Technology and
Infrastructure

Transportation Energy Technology
[for the Assistant Secretary for Energy Efficiency and Renewable Energy (AK, AL, EE)]

Sandia’s Advanced Transportation Energy Technology Program is focused on improving the energy
efficiency of our transportation system, thus improving the country’s economic competitiveness
while protecting the environment. To this end, Sandia has entered into a number of cooperative
research and development agreements with industries connected with transportation, notably
USCAR, a consortium of automobile manufacturers; the Emissions Consortium, devoted to the
need to reduce emissions from internal combustion engines; and the United States Advanced
Battery Consortium, which is developing an improved battery for electric vehicles.

Sandia’s Engine Combustion Technology Project works to develop new technologies to
improve efficiency, increase fuel flexibility, and reduce emissions in automobile and truck
engines. The Transportation Materials Initiative includes catalysts for emission reduction, and
fuel cell applications, lightweight structural materials, hydrogen storage materials, and other new,
engineered materials for transportation applications. The following projects provide a foundation
for expanded effort in developing energy-efficient transportation solutions:

1. Advanced Energy Storage. Sandia has considerable expertise in energy storage develop-
ment, which includes carbon materials for double-layer capacitors and sodium/sulfur and
zinc/air batteries. Much of this expertise is being applied in supporting the United States
Advanced Battery Consortium (USABC). The consortium is a partnership of General
Motars, Ford, and Chrysler, with participation by the Electric Power Research Institute
(EPRI) and industry. It was formed to develop advanced batteries for commercial use in
electric vehicles by 1998. An initiative in California requiring a percentage of vehicles sold
in 1998 to be zero-polluting was a stimulus for the formation of the group. Sandia’s role
with USABC includes materials development, battery design, and testing.
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2. Hybrid Vehicles. Hybrid vehicles powered by an clectric system such as batteries or fuel

cells in conjunction with each other or with an internal combustion engine also will con-
tribute to fuel substitution and environmental protection. Sandia’s battery technology
base and its combustion expertise, located at DOE's Combustion Research Facility at
Sandia/California, coupled with our systems engineering capabilities, give us the tools
necessary to contribute to this program.

3. Alternative Fuels. Optimizing engine designs for emissions control and high efticiency is
important to the expanded use of hydrocarbon fuels. Wider use of natural gas or multifuel
engines will also support expanded use of such fuels. Sandia’s Combustion Rescarch
Facility supports this work and can play a key role in solving these problems. In addition,
our expertise in catalysis can contribute to the direct use of alternative fuels in fuel cells,
and our experience in storing and transferring hydrogen isotopes (gained in the nuclear
weapons program) can contribute to the practical utilization of hydrogen as a fuel.

4. Emissions Consortium. A consortium is being formed by the “Big-3" auto companies to
address emissions reduction. Lean-burn catalysts are needed to reduce emissions of nitrogen
oxides. Understanding the distribution of exhaust gases and developing sensors and controls
are areas where Sandia can contribute. Expanded utilization of alternative fuels will also
generate new requirements for understanding emission processes and improving catalysts.

Transportation Infrastructure
[for the United States Department of Transportation]

The U.S. Department of Transportation is embarking on a program to improve the safety and effi-
ciency of surface transportation by applying the latest technology in sensors, data fusion, communica-
tions, and information and control. This effort, the Intelligent Vehicle and Highway System (IVHS)
program, envisions “smart” highways and vehicles that will improve safety and reduce congestion,
energy consumption, and pollution. The technology involves vehicle tracking systems, collision
avoidance sensors, traffic control centers, automatic vehicle control systems, and roadside sensors.

Inaddition to the technology program associated with highways and automobiles, new programs
to enhance public transit systems and commercial vehicle operations can be uniquely supported by
Sandia’s system integration capabilities. A current initiative is to direct Sandia’s core competencies
toward practical solutions for these transportation infrastructure problems. Research and develop-
ment in several areas will be conducted in conjunction with the private sector and universities to
foster rapid development and commercialization:

I.  High-Speed Computation ard Systems Analysis. Decisions on future transportation
systems will need to balance the interrelated issues of energy security, environmental quality,
cost, and transportation efficiency. It will be prudent and responsible to perform large-scale
computer simulations and systems analyses before making major commitments or allocating
resources to technology development and commercialization, Sandia’s experience in
modeling and analysis will be employed to perform analysis at all levels of system design.

The current study to examine the technical and economic feasibility of the proposed
Santa Teresa Intermodal Facility is a prime example of this type of effort. The proposed
facility will likely cover ten square miles near the border of New Mexico and Mexico and
could dramatically improve the efficiency of moving commercial vehicle and railroad
freight across the border.
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Intelligent Vehicle and Highway system. Much of the technology for the Intelligent
Vehicle and Highway System is an extension of work already underway at the DOE labo-
ratories. The Safe Secure Transport (SST) program has developed reliable, secure systems
for transporting nuclear weapons and materials. DOE has developed a command and control
system called STARBASE to operate and manage the SST fleet and provide a capability for
emergency response. The Department of Transportation has expressed interest in building
upon this extensive information system to develop a Geographic Information System for
Transportation to collect and manage the vast amount of information that will be generated
by the legally mandated upgrades to the transportation infrastructure and its management.

Sandia has developed many types of robust, unattended ground sensors. This technology
may be important to the IVHS program in developing roadside sensors for monitoring
commercial vehicle safety, “weighing” passing trucks, and automatically assessing tolls.
We have also developed many versions of teleoperated and autonomous vehicles.

Transportation of Radioactive and Hazardous Materials. A significant requirement

© in waste management is the safe and economical transportation of hazardous materials

and wastes, including radioactive wastes. A major thrust in energy and environmental
research and development is the application of technology to provide safer and more eco-
nomical answers for these problems. Sandia supports the DOE in transportation-related
efforts in several ways, including the development of transportation packagings for the
Oftice of Civilian Radioactive Waste Management and support of the Transportation
Management Program for the Office of Environmental Restoration and Waste Management.
These efforts include policy analysis, packaging improvements, tegulatory and standards
support, testing and development of materials for design, and testing of packages. The
application of modern risk assessment techniques and performance analysis provide an
oppor’ conomical safety improvements in these operations.

Allian. :nsportation Research. Sandia has entered into a partnership with the
University ot New Mexico, New Mexico State University, Los Alamos National Laboratory,
and the New Mexico State Highway and Transportation Department for transportation
research. The alliance brings together a unique combination of partners with wide-ranging
technical capabilities and facilities and a thorough understanding of current problem areas
and future needs for the nation’s transportation infrastructure. The alliance is dedicated to
providing solutions to the nation’s transportation needs by forming teams with other
research organizations and industry in application-oriented research and development.

Transportation System Risk Assessment. Key information in the selection of tomorrow’s
transportation systems involves a thorough understanding of the risks associated with the
introduction of new fuels and energy storage elements into the system.

The extensive use of combustible fuels in the United States gives rise to a varicty of safety
and security concerns. Combustible fuels include both fossil fuels (petroleum and petro-
chemical products) and biomass fuels (alcohol, methanol, vegetable oils, wood, fuels
derives from manufucturing waste and other refuse). Accidents related to the everyday use
of combustible fuels occur frequently; the resulting loss of life is unnecessary and the eco-
nomic and environmental cost. are enormous.

To ensure against accidents (whether the result of abnormial occurrences, misuse, or
sabotage), systematic risk assessment, supported by appropriate testing, should be con-
ducted on every step of the combustible fuel chain (extraction, transportation, storage,
processing, and consumption/disposal). Each step is subject to environmental, safety, and
health risks because work sites (for example, off-shore oil platforms), tools (pipelines),
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methods of transportation (trucks, railroad cars, tanker ships), storage tanks (both under-
ground and aboveground), processing methods, and disposal facilities are all part of the
process of preparing the tuel for consumption.

Sandia can help the DOE in its responsibility to regulate the nation’s energy supply
and also help the Department of Transportation ensure ES&H compliance and promote
safe transportation. We are well-positioned to conduct risk assessment studies and testing
from a systems-level point of view, addressing both safety and security. As the originator
of probabilistic risk analysis methodologies for nuclear power systems and nuclear
weapons, we can apply the same or similar techniques to address economic issues and
risk-related scenarios.

Sandia’s capabilities can be useful in an integrated transportation initiative combining the
technology for energy sources and system solutions for tomorrow’s transportation infrastructure.

Funding Requirements for Initiative Project Proposals in
Transportation Energy Technology and Infrastructure
(Dollars in constant FY 1994 millions; personnel in FTEs)

Year1 Year2 Year3 Year4 Year5

Transportation Energy Technology

Operating 6.0 10.0 15.0 200 200

Direct Personnel 15 25 37 50 50
Transportation Infrastructure

Operating 50 15.0 200 250 250

Direct Personnel 12 30 50 60 60
Total, Transportation Energy Technology and Infrastructure -

Operating 1.0 250 35.0 450 450

Direct Personnel 21 55 87 110 110
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Environmental Technology

Environmental issues are a growing national and international concern. Unfortunately, technologies
for dealing with environmental problems are often immature or costly. DOE has a major responsibility
for developing and applying environmental technologies and sharing solutions with industry and
other agencies. Seeking to support DOE and the nation in this endeavor, Sandia has initiated a
program to apply its wide range of technical competencies to environmental issues.

Sandia has an extensive base of experience in environmental technologies, particularly with
systems for transporting and storing radioactive waste. For many years, the Laboratories has had a
major responsibility for testing and performance assessment for the Waste Isolation Pilot Plant
repository. We were recently appointed by DOE as lead laboratory for conducting the assessment
of compliance for the Greater Confinement Disposal site at the Nevada Test Site.

Since 1978, Sandia has been the DOE center for research and development for packaging and
transporting radioactive materials. These efforts have been associated chiefly with waste management
aspects of DOE programs, but the technology has found application in Defense Programs, Naval
Reactors, and Nuclear Energy programs as well. In addition, other agencies have funded aspects
of the program, including design of packaging for moving chemical munitions to demilitarization
sites, development of routing guidelines, evaluation of safety program operations, and development
of performance standards for toxic inhalants.

In 1990, Sandia assumed a leadership role in moving the DOE production complex toward envi-
ronmentally conscious manufacturing for nonnuclear components. We have developed and intro-
duced suitable substitutes for materials and processes that required or generated hazardous wastes.

For many years, the DOE Combustion Research Facility at Sandia/California has contributed
an understanding of the mechanisms that create pollutants in combustion processes and developed
concepts for cleaner energy conversion processes. The solar thermal program at Sandia/New Mexico
has helped develop an innovative process for destroying organic compounds in waste water using
solar energy. Competencies developed in defense and energy programs form a useful foundation
for environmental research and technology development.

Project Proposals for the Major Initiative
in Environmental Technology

Environmentally Conscious Manufacturing
[for the Assistant Secretary for Defense Programs (GB) and the Assistant Secretary
for Energy Efficiency and Renewable Energy (ED)]

Environmentally conscious manufacturing is the deliberate attempt to reduce the ecologically
harmful byproducts of industrial processes and improve energy efficiency without sacrificing
quality, reliability, or performance. It is a value-added transformation of materials and energy
into products in a manner that adds environmental considerations to the manufacturing process.

Successful implementation of environmentally conscious manufacturing requires a total systems
approach to very complex problems, utilizing the disciplines of engineering, chemistry, information
systems, reliability and risk analysis life cycle analysis, and advanced manufact: ring.

Since coining the term environmentally conscious manufacturing (ECM), Sandia has led the way
in practical application through an integrated systems approach for implementing ECM processes
and demonstrating the benefits of ECM in DOE programs. In the past, application of a fully integrated
approach has focused on weapon components, including prototyping system:. providing analysis
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tools and coordinating the first ECM demonstration in the DOE nuclear weapons complex (elec-
tronics and electromechanical component fabrication at Allied-Signal/Kansas City).

Over the next five years, Sandia will pursue a strategy for bringing the benefits and techniques
of environmentally conscious manufacturing to U.S. industry:

We will develop and demonstrate ECM methods and technologies with high dual-
use payoff.

Sandia will develop methodologies for easier ECM implementation, such as expert-system
decision tools to allow consideration of environmental impact in product design and man-
ufacturing process decisions. Sandia will collaborate with the Environmental Protection
Agency for such development as refinement of prototype life-cycle analysis tools. We will
test its feasibility and complete its development into a user-friendly tool for industrial use.
We will evaluate available technologies for environmentally conscious manufacturing, iden-
tify technology needs, and initiate programs to develop and provide new ECM technologies
that have been fully tested and validated (e.g., advanced soldering and cleaning techniques).

We will concentrate on the application of ECM through collaborative programs
with partners from U.S. industry and other government agencies.

We will develop industry-driven collabor ative programs in environmentally conscious
manufacturing with a goal to assemble a track record of successful government/industry
technology transters. These programs will emphasize active solicitation of industry’s
needs, measurement of our effectiveness in meeting those needs, effective dissemination
of information on ECM to industry, and identification of opportunities for transfer of
industrially developed technologies to the defense complex.

New approaches will be used in these programs, including expanded use of industry
advisory groups and market research, adoption of performance metrics accepted by industry,
and more active collaboration with industry trade associations for opportunity assessment
and information dissemination. We will expand the present work in transferring technology
to the microelectronics industry and extend it to other industries (e.g., textiles, automotive,
chemicals, pulp and paper) with modifications as appropriate. These Sandia programs will
cover technologies such as solvent substitution; soldering (no-clean and lead-free, and
advanced technologies); polymers engineered for reuse/recycle; “green” printed wiring
board fabrication; advanced process monitoring and control; and replacement of haz-
ardous materials in surface coating, metal finishing, and precision machining,

We will initiate new multiple agency collaborative programs, especially with the Environ-
mental Protection Agency and the Department of Commerce, to more effectively address
regulatory and technology transfer issues. Programs to integrate EPA and DOE techniques
for process waste assessment and environmental and energy audits into a single assessment
tool are proposed. We will collaborate with EPA and Commerce through the Manufacturing
Technology Centers of the National [nstitute of Standards and Technology to evaluate the
impact of new environmentally conscious manufacturing processes, to make ECM benefits
more visible to all U.S. industry. We will coordinate with other DOE offices and DoD to
eliminate redundancies and assure that ECM technology development is applicable
throughout the complex.

We will establish Sandia as a national resource for environmentally conscious man-
ufacturing with an emphasis on increasing the adoption of ECM by small business.
We will establish Sandia as a national ECM resource by evaluating our current capabilities
and developing them accordingly. We will survey commercial ECM resources and develop
programs in which Sandia can serve as a focal point, referencing and collaborating with
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SEAMIST, an environmental restoration technology under development at Sandia, is an inflatable membrane that can carry sampling

instrumentation into boreholes to measure subsurface conditions such as soil moisture, soil content, etc. Sandian Cecelia Williams and
Dave Cremer (Science and Engineering Associates) demonstrate SEAMIST to industry representatives.

manufacturers to add the ECM dimension. This work will involve increased emphasis on
Sandia as a “one-stop shop” provider of ECM technology, including development, feasibility
demonstration, assistance in deployment, and dissemination of information.

New programs will be initiated to focus on coordination of state and federal resources
to deploy ECM technologies to industry, particularly small businesses. An exampleisa
currently proposed joint DOE-EPA-Commerce Environmental Extension Enabling Pro-
gram in which Sandia will work with extension entities of the National Institute of Standards
and Technology (NIST) to identify small business needs. We will help develop and com-
mercialize technologies and facilitate technology deployment by training and providing
advisors for NIST, state extension agents, and small businesses. New programs will focus
on developing a complete on-line ECM knowledge base, an electronic “ECM informa-
tion-on-demand” network, improving ECM education (via a teaching factory at Sandia
and simulation tools for retraining practicing engineers), and increasing effectiveness of
ECM information dissemination through an extensive outreach program including a
speakers bureau, videotapes, joint activities with industry trade groups, workshops and
exhibitions, and a widely distributed Environmentally Conscious Manufacturing Newsletter.
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Waste Management

[for the Assistant Secretary for Defense Programs (GB); the Assistant Secretary for
Energy Efficiency and Renewable Energy (ED); and the Office of Environmental
Restoration and Waste Management (EW)]

New waste management technologies are needed to address both regulatory and political requirements.
Sandia is actively involved in developing treatment and disposal processes and recycling techniques.

Extending our technologies to commercial electronics is a major goal of our current activitics.
In the future, there will be great demand for advanced waste management technologies. As a nation,
we are faced with an ever-growing need to deal with waste plastics, municipal wastes, hazardous
chemicals, and obsolete electronics. In addition, many government agencies, including the depart-
ments of Energy and Defense, are faced with challenging requirements for handling radioactive
wastes, high explosives, propellants, and chemical wastes.

For radioactive materials, such as Hanford tank wastes, waste management strategics that use
a full suite of techniques for pretreatment, characterization, recycling, minimization, stabilization,
and storage will need to be explored. For other hazardous wastes, such as high-explosive propellants
and chemicals, special treatment issues must be faced. Waste management technologies will be
needed to solve both technical and social issues, including public acceptance, regulatory compliance,
sample waste characterization, monitoring, destruction or treatment techniques, risk assessment,
risk management, stabilization, minimization, liability, and cost.

Many Sandia-developed technologies will be brought to bear on these issues. We plan to extend
our expertise in robotic systems, radioactive materials safety, intrusion systems, chemical and
thermal processing, risk assessment, and sensor systems to solve these problems. Because so many
waste management problems facing DOE are similar to those faced by the nation asa whole, we
hope to use our technologies to solve many of the waste management problems faced by industry.

Environmental Restoration
[for the Assistant Secretary for Defense Programs (GB) and the Office of Environ-
mental Restoration and Waste Management (EW)]

Environmental restoration focuses on the cleanup of contaminated sites. Technologies and systems
that lead to quicker, safer, and more efficient remediation of sites are needed. Literally tens of thousands
of suspected contaminated sites are the responsibility of the departments of Energy and Defense, as
wellas problems on lands administered by the departments of Agriculture and Interior. In addition,
virtually every municipality must deal with contamination from industrial or extractive activities.

In the future, there will be a growing need for more efficient ways to clean up contaminated
sites. Advanced sensing systems involving airborne or even space-borne sensors, together with
rapid sampling and analysis techniques providing real-time data on the extent of contamination,
may be usetul. Because the cost of cleanups will continue to skyrocket, there will be a need for more
cost-effective solutions using publicly acceptable waste stabilization and barrier technologies that
have high reliability and permanence. Technologies to verity the integrity of in situ containment
structures and for placement of structures beneath buried waste, tanks, and spills will be needed.
Long-term, subsurface dosimetry instrumentation for detecting leakage of hazardous or radioactive
substances will be needed to ensure that risk to public health and safety is minimal.

Information is key to making appropriate restoration decisions. Expansion and update of
information systems such as the Enviro TRADE database management system will be critical in
giving site managers information concerning progress from other worldwide sites. Also key in
making timely decisions are tools for assessment of risk and for prioritization and ben:fit. Work
on such tools will be an important new initiative for Sandia.
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The restoration initiative will also focus on problems beyond DOE, including mine tailings,
septic tank drain fields, agricultural pollution, and abandoned municipal landfills. As more military
bases are closed, techniques for identifying and containing contaminants and performing site cleanup
will need to become efficient and acceptable to regulators and the public. Finally, a growing concern
with respect to contamination and restoration of ports, harbors, and marine estuaries will require
advanced technologies for characterizing and cleaning up ocean sediments,

Cost-etfective solutions to these problems that balance public health and safety against cleanup
costs will become a national priority. Sandia’s capabilitics in sensor systems, physical and chemical
analysis, and systems integration, together with its geophysical experience and knowledge, can
directly support such activities.

Hazardous Materials Transportation

[for the Assistant Secretary for Defense Programs (GB); the Office of Environmental
Restoration and Waste Management (EW); and the United States Department of
Transportation]

The growing public environmental awareness and risk consciousness focuses on governmental
activities that have the potential to produce harm. One of the most visible of all such activities is
the packaging and transportation of all hazardous materials, not just radioactive wastes.

DOE will be challenged to demonstrate safety as it begins to remediate sites and send wastes to
repositories or move materials to permanent disposal areas. For example, interim storage and
transportation of unprocessed spent fuel from the nuclear weapons program, as well as research
reactor spent fuel that DOE has committed to accept under the Research Reactor Spent Fuel Return
Program, constitute a formidable problem. Also, programs in site decontamination and decom-
missioning are expected to produce large quantities of waste to be moved to repositories.

There will be a growing need for caretul consideration of the systems aspects of proposed solutions
to these challenges, as weil as innovative package designs, new package materials, and demonstrations
of package and operations safety —all of which are key strengths of Sandia’s program. New program
initiatives include:

® Hazardous Waste Containers— As DOE remediates sites, we propose to develop containers
to store and transport hazardous and mixed hazardous materials. This effort builds on current
expertise but is more demanding because of the requirement to maintain container integrity
and elastometric materials in the face of attack by corrosive and organic solvents that may be
components of the waste.

® Geographic Information Systems— Applications of GIS as an enabling technology are
proposed in risk assessment, routing, and emergency management as an important addi-
tion to our existing capabilities. Increased emphasis in 2OE on interactions with stakehold-
ers in cleanup campaigns requires the development of GIS tools to illustrate actions to be
taken and provide the software interface in guiding activity.

® Multipurpose Containers— Spent fuel from DOE weapons production and from rescarch
reactors will probably not be reprocessed. Instead, interim storage and geological disposal are
considered as options. We propose to evaluate the multipurpose container (MPC) ws a means of
avoiding multiple handling of the fuci as a consolidation measure and to facilitate robotic oper-
ations in the repository. This evaluation may lead to a systems study and development of an
optimized package.
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¢ Electronic Emergency Response Systems— We are proposing development ofa group of
rugged, cost-effective sensors to detect accidents, store information about accident events,
summon response teams, and provide information and direction to responders. With the
increased awareness and risk-aversion of the public toward hazardous material in the envi-
ronmeat, this technology will provide hazardous materials operations with eftective tools to
help protect the environment in the event of accidents.

Unmanned Aerospace Vehicles

and Small Satellites for Climate Studies
[for the Office of Energy Research (KP)]

Over the past several years, global climate change and sustainable economic development have come
to the forefront of the world’s and the nation’s science and policy agendas. While most scientists
agree that energy related emissions will give rise to a man-made “greenhouse” warming trend, there
is significant uncertainty about the magnitude and timing of this effect and its regzional distribution.
Policy decisions made in the face of this uncertainty will have substantial and widespread economic
impact, emphasizing the importance of improved understanding of climate change.

To better understand these issues, the federal government has embarked ona U.S. Global Change
Research Program, with the Department of Energy a major participant. DOE has asked Sandia to serve
as Technical Director ofa multi-laboratory, multi-agency initiative in global change. To support DOE
in this role, we propose to draw on our expertise in remote sensing (from ground, air, and space),
field testing, systems engineering, and massively parallel computing to form a Core Group in Global
Change Technologies with complementary expertise at other laboratories to address two key arcas:

1. Three-dimensional remote sensing of the atmosphere, emphasizing clouds, water vapor,
and aerosols; and

2. The use of massively parallel processing to significantly increase the throughput of a wide
range of climate models.

Much of the effort in these areas to date has been in support of DOE's Atmospheric Radiation
Measurement Program. This program seeks to improve the understanding of the carth’s radiation
balance and its interaction with clouds, the major uncertainty in current climate models and the
top scientific issue for the U.S. Global Change Research Program.

The initial phases of the program have emphasized ground-based measurements. However, in
the future the proposed core group will exploit air and space platforms to provide measurements
of radiative fluxes, water-vapor profiles, and cloud top properties in the atmosphere and to extend
the range of these measurements to regional and global scales.

Currentaircraft and satellite measurements can meet a part of this need, but have major limita-
tions. For example, piloted aircraft provide many important atmospheric measurements but lack
the combination of endurance and altitude capabilities (multi-day-flights at 20 kilometers altitude)
needed for radiation-cloud studies in the critical tropical Pacific region. Similarly, cor.emporary
satellites provide excellent cloud imagery but fall significantly short of meeting the needs for mea-
suring cloud properties such as droplet phase and size and for measuring water-vapor profiles.

An emerging generation of small, unmanned acrospace vehicles and small satellites offers the
most timely and cost-effective way to fulfill these key, unmet climate research needs. Recognizing that
the 1993 U.S. Global Change Research Program Plan calls for new starts in global change rescarch,
Sandia’s core group will support DOE in development of unmanned aerospace vehicles and small satel-
lites, including the lightweight instrumentation needed to take full advantage of such small platforms.
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Marshall Lapp, Scott Bisson, and John Goldsmith discuss the optics of a Raman lidar device they are developing in partnership with
researchers at NASA’s Goddard Space Flight Center. The instrument will collect data on water vapor in the first three miles of the atmos-
phere. Clouds and water vapor must be better understood to improve computer models for predicting climate heating.

This team will provide overall program direction and infrastructure, contribute to the science,
and draw on sensing technology developed for defense applications to prototype some of the
improved miniature climate instrumentation. A broad-based science team, including significant
university and interagency participation (such as NASA, the National Occanographic and
Atmospheric Administration, and the Environmental Protection Agency), will provide scientific
direction. Industry will be strongly involved in the development of unmanned aerospace vehicles,
the small satellites, and some of the instrumentation.

Early demonstration of the climate research capabilities of unmanned acrospace vehicles
using existing instruments and unmanned aircratt will be conducted in the first year. Improved
climate instrumentation development and enhanced unmanned aerospace vehicle capabilities
will follow over the next two year. Miniature climate instrumentation would be available for
application in small satellites a year after their application in unmanned acrospace vehicles.

DOE and its national laboratories have significant capabilities and experience that make it well
suited to this role. This experience has been gained through decades of involvement in the design
and development of both nuclear and nonnuclear weapon systems, in more than twenty-five
years of development experience for advanced satellite instrumentation, and in environmental
initiatives such as the Atmospheric Research Measurement Program. The proposed Core € roup
in Climate Change Research Technologies will be vital to Sandia’s continued support of the DOE
and national programs in this important area,
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Funding Requirements for Initiative Project Proposals in Environmental Technology
(Dollars in constant FY 1994 millions; personnel in FTEs)

Year 1 Year2 Year3 Year4 Year5

Environmentally Conscious Manufacturing

Operating 6.0 10.0 15.0 200 20.0

Direct Personnel 20 25 30 55 55
Waste Management

Operating 9.0 18.0 280 36.0 20

Direct Personnel 30 60 100 120 140
Environmental Restoration

Operating 9.0 18.0 270 36.0 450

Direct Personnel 40 80 120 160 200
Hazardous Materials Transportation

Operating 15.2 18.6 22.8 239 28.0

Direct Personnel 50 65 85 90 100
Unmanned Aerospace Vehicles and Small Satellites for Climate Studies

Operating 13.0 14.0 14.0 15.0 15.0

(apital Equipment 1.0 20 2.0 1.0 1.0

Total Cost 14.0 16.0 16.0 16.0 16.0

Direct Personnel 25 28 30 30 30
Total, Environme: 7al Technology )

Operating 52.2 78.6 106.8 1309 150.0

Capital Equipment 1.0 2.0 2.0 1.0 10

Total Cost 53.2 80.6 108.8 1319 151.0
Direct Personnel 165 258 365 455 525
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Energy Research and
Technology Development

Under this majo nitiative, we propose new projects in the areas of renewables, tossil energy, and
nuclear power. The ¢ proposals take advantage of Sandia’s existing technical capabilitics, facilities,
and industry relationships and are consonant with the Department of Energy’s strategic direction
inenergy.

The motivation tor Sandia’s energy work is our mission of assuring the nation’s energy security,
coupled with an urgent concern for the global environment. For this reason, Sandia and its industrial
partners continue to develop systems-level solutions to energy needs. We are one of the nation’s
premier contributors to energy technology in the arcas of renewables, fossil energy, and nuclear
power—always with consideration for environmental well-being,

Sandia’s technical competencies and systems orientation have traditionally driven our respon-
sibilitics in energy technology. For this reason, our chemical sciences effort has focused on developing
tools and fundamental knowledge that relate directly to our work with engine combustion, furnace
combustion, and fossil fuel combustion. Likewise, our geosciences staff provides basic tools and
knowledge to improve our effectiveness in reservoir characterization and repository design. Our
materials sciences engineers have a major component of advanced clectronic materials design to
support our other efforts, such as photovoltaics, advanced semiconductors, and even our envi-
ronmentally conscious manufacturing stedies.

Weareata threshold of significant new thrusts in renewables, building on our historic strengths
in this area. For many years, we have operated the National Solar Thermal Test Facility for DOE.
We provide support for the development of Solar Two, a utility-scale solar power tower in California.
Sandia’s Photovoltaic Design Assistance Center has helped U.S. manufacturers conpete in
this emerging international market. We are also collaborating with industry and the Bonneville
Power Administration to expand commercial utilization of geothermal resources in the
Pacific Northwest. Renewable energy technologies rely on Sandia’s contributions ot reliable, well-
engineered system designs, such as these examples, to make the leap from laboratory novelties to
manufacturable, high-volume commercial products.

Our tossil energy programs have already resulted in 120+ us breakthroughs in combustion
rescarch, coal liquefaction, oil and gas exploration, and r. » characterization and production.
We plan to use our Oil Recovery Technology Partnerslii;  1model for involving industry in
other partnership endeavors. We propose a Geoscience Re 2 Laboratory at Sandia modeled

after a successful experience with Sandia’s Combustion Research user facility.

Sandia’s nuclear energy program is largely built around our Nuclear Regulatory Commission
experience in severe accident phenomenology and risk assessment. We have drawn extensively
upon these capabilities and Sandia’s broader competencies to assist DOE in its programs in reac-
tor design and in plantlife extension. Sandia will continue to help DOY address plant life prob-
lems, and we intend to begin a new program in decommissioning and decontamination of plants
whose design lifetimes have expired.

Sandia’s energy efficiency projects are built around our engine combustion and battery design
work. These projects are discussed under the major initiative, “Transportation Encergy T'echnology
and Infrastructure” on page 5-35.

Sandia continually builds on its capabilities and facilities to improve ongoing programs and
suggest offshoots that build on our successes, such as those proposed below.
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Project Proposals for the Major Initiative
in Energy Research and Technology Development

Photovoltaics Industry Development
[for the Assistant Secretary for Energy Efficiency and Renewable Energy (EB)]

Drawing upon the wide spectrum of expertise at the Laboratories, Sandia has provided the engincering,
design, testing, and evaluation that have been significant in the development of today’s solar energy
industry. Important new thrusts are now possible based on this work, which Sandia spearheaded.
The proposals we list below are designed to help industry overcome current barriers in manufac-
turing and infrastructure that inhibit photovoltaics from becoming a truly sustainable technology.
Sustainability is key to the health and growth of the photovoltaics industry and is an area where
Sandia’s technical expertise is vital.

Federal, State, and Regional

Government Agency Photovoltaics Initiative
[for the Office of Utility Technology]

This initiative will develop photovoltaic applications for government agencies. Sandia’s technical
competencies in photovoltaic applications can enable DOE to demonstrate how photovoltaic systems
can improve the economic operation of federal and other government agencies. If successful, the
initiative will stimulate the local and regional infrastructure for photovoltaic systems, thereby creating
jobs and markets for the industry.

For example, cost-etfective applications exist today in the federal government in agencies
including the Bureau of Land Management, Department of Defense, Department of Agriculture,
and Department of Interior (parks and remote facilities).

work interactively with agencies to ensure that applications are developed for appropriate needs.
Inaddition, the center will support and complement activities in the established Photovoltaics for
Utilities (PV4U) organization of state working groups. This work will initiate fielding of systems
with wide-scale repeatability. It involves state energy officials, representatives from the photovoltaics
industry, and statf from utility companies working cooperatively to foster the use of photovoltaics.

Photovoltaic Collector Manufacturing Process Development
[for the Office of Solar Electric Conversion]

A goal of the DOE National Photovoltaic Program is to provide a clean, renewable, and economical
source of electric power that will reduce fossil fuel consumption while improving the competitiveness
of U.S. industry. To remain internationally competitive, industry must both reduce manufacturing
costs and continuously improve the quality of photovoltaic systems.

This proposal in photovoltaics collector manufacturing process development will improve prod-
ucts and manufacturing processes by working collaboratively with industry to address manufacturing
issues affecting collector durability and cost. Industry has expressed interest in leveraging its limited
research and development resources through the analytical services and photovoltaics fabrication
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capabilities available at Sandia. Sandia’s Photovoltaic Collector Lifetime Project is already work-
ing with several major photovoltaic collector manutacturers to identity mechanisms limiting
durability under operating conditions.

Under the proposed program, Sandia will investigate issues involving collector design and
reliability, collector manufacturing and cost, and environmentally conscious manufacturing of
collectors. We will use our laboratory capabilities to fabricate and evaluate collector design and
process alternatives, especially in the areas of soldering, encapsulation materials, and bonding.

Inaddition to using the resources of Sandia’s Collector Fabrication and Assembly Laboratory,
the program plans to leverage other Sandia centers of expertise: for example, the Photovoltaics Device
Fabrication Laboratory for solar cell processing; the Photovoltaics Technology Evaluation Laboratory
for environmental durability testing; and the Center for Advanced Manutacturing Technology for
environmentally conscious manufacturing, robotics, and advanced manufacturing processes.

This program will provide a flexible, industry-oriented support capability that will be responsive
to industry needs as the technology develops and matures.

Photovoltaic Balance-of-Systems Manufacturing Technology
[for the Office of Solar Electric Conversion]

Approximately one-half the cost of a utility-interconnected photovoltaic energy system is in photo-
voltaic modules. The other halfis in balance-of-systems, e.g., system interconnections, power
conditioning, control systems, support structures, and installation.

This initiative addresses balance-of-systems technology improvements that will reduce costs and
develop hardware to allow U.S. industry to compete successfully in larger markets. A cost-shared
balance-of-systems manutacturing initiative (BOSMaT) will reduce manufacturing costs for photo-
voltaic power conditioning and control systems. Balance-of-systems cost reductions and reliability
improvements, coupled with decreases in module costs, will encourage utilities to include photovoltaic
generation in grid support, demand-side management, remote power, and other specialized
applications.

In addition, development of manufacturable power conditioning and control systems for diesel
generator/photovoltaic hybrid systems greater than 100 kilowatts is necessary if photovoltaics is to
expand into the diesel replacement market. This market includes systens for village-scale power
in developing countries and systems that can meet environmental requirements while supplying
power for military and other government applications. This option will be especially attractive in
environmentally sensitive areas.

Sandia has collaborated with the U.S. photovoltaics industry to develop systems hardware that
has reduced costs, improved performance, and opened new markets both domestically and inter-
nationally. This $50 million initiative will develop the manufacturing capability of the U.S. balance-
of-systems industry over a five year period so it can continue to compete in world photovoltaic
systems markets. The balance-of-systems initiative has strong support from the U.S. photovoltaic
industry, which would share program costs.

The Office of Solar Electric Conversion, through the Photovoltaics Division, is funding an
ongoing program, the Photovoltaic Manufacturing Technology Program (PVMa'T), to reduce
the manufacturing costs of photovoltaic modules. PVMaT is addressing photovoltaic module
manufacturing technology problems through cost-shared contracts with photovoltaic module
manufacturers. The intent of PVMa'T is to reduce the cost of modules by at least half by providing
the manufacturing technology improvements necessary for the industry to increase production.,
But the photovoltaics industry now recognizes that it will also be necessary to reduce balance-of-
systems costs if large-scale utility adoption of photovoltaic technology is to become a reality.
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Photovoltaic Systems Lifetime Improvement
[for the Office of Solar Electric Conversion]

Ten years of field data from a variety of photovoltaic systems and components show that power
loss from balance-of-system degradation typically ranges from 10% to 15% and that irreversible
module degradation and mismatch losses add another 10% to 15%. Since the success of photo-
voltaic technology will depends on its reliability, the Photovoltaic Systems Lifetime Improvement
effort is aimed at assisting the industry in achieving a photovoltaic technology with a thirty-year
lifetime that degrades in performance by less than 10% in that period.

A team of representatives from industry, the Department of Energy program, and users of
photovoltaic technologies will capitalize on the strengths of each to identify ways to eliminate the
failure mechanisms responsible for the power losses now observable in five- to ten-year-old systems.
The team will also establish an evaluation program for current manufacturing processes aimed at
early mitigation of reliability problems.

The program’s working group will perform field evaluations of installed systems and identify
causes of observed degradation. Degradation typically includes browning, high resistance in solder
bonds, interconnect corrosion, changes in balance-of-systems components’ performance, module
delamination, cell metallization adhesion, cracks in the back surface polymer, and electrical mismatch.

The working group will make recommendations for improving manufacturing processes or
developing new materials to solve reliability problems. 1t will also recommend utilization of DOE
capabilities in photovoltaics testing, materials and process sciences, and nondestructive testing
where they can be useful.

The program requires a long-term commitmeit from both DOE and industry. It will begin
with a minimum commitment of $20 million over a five-year period to address the degradation
issues that have surfaced from initial investigations.

Utility Photovoltaics
[for the Office of Solar Electric Conversion)

Because utility companies are major suppliers of electricity for the nation, they could be a major
customer for photovoltaic systems, using them to supply energy where grid connection is expensive
orimpossible. This initiative is important in assuring that utilities use photovoltaics. Sandia can add
its technical experience and expertise to demonstrate that photovoltaic systems can be used ina
number of ways to help them and save the customer money.

This initiative is a cooperative partnership to accelerate the use of photovoltaics within the
utility sector, The partners in this effort include the photovoltaics industry; the established Utility
Photovoltaic Group; utility representative organizations such as Edison Electric Institute, American
Public Power Association, National Rirral Electric Cooperative Association, and Electric Power
Research Institute; and individual uulity companies.

Objectives are to identify and maximize the benefits obtained by the utilization of photovoltaics
in applied systems for utilities or their customers. These applied systems are developed for a sus-
tainable, economically driven market. Building on Sandia’s established network of relationships
with utilities and the photovoltaics industry, higher-value remote, in-lieu-of-line extension, and
grid-connected applications will offer the photovoltaics industry market entry vehicles into the
utility sector. The ability of photovoltaic systems to serve remote loads will be the foundation for
the transition to larger and significant fuel-offset systems and eventual specialized grid-connected
applications. These applications will capitalize on the technology’s characteristics of no fuel use,
low operating costs, modularity, reliability, and energy sustainability.

Major Initiatives

5-51



5-52

The initiative will be based on the needs of the utilities and their customers. Starting with
analyses of feasibility and opportunity, applications will be developed based on current hardware
and the ability of photovoltaics to uniquely meet customer requirements for energy in an environ-
mentally acceptable way at the point of use. Further, the systems will, to a certain extent, bypass
traditional means of electricity delivery. Grid-connected systems owned by customers ofter a
means of demand-side supply. Successtul implementation of systems will be communicated to
stakeholders and the economic advantages (including job creation) fully determined.

Advanced Materiais for Energy Conversion
[for the Assistant Secretary tor Energy Efficiency and Renewable Energy (EB); and
the Assistant Secretary for Fossil Energy (AA, AB)]

A series of government and private studies have concluded that new materials will drive advances
in many industrial sectors, The need for government-sponsored research and development leading
to advances in materials technology has been clearly delineated. The National Energy Policy Act
of 1992 mandates a five-year national advanced materials program plan.

Advanced materials will play a major role in the area of energy conversion in coming years.
The need for materials with higher performance in extremes of temperature, pressure, and corrosive
environments, as well as the need for energy savings and environmental sensitivity, requires major
advances in structural and functional materials. Rescarch and development in structural materials
includes structural ceramics, intermetallics and alloys, coatings, and joining, Functional materials
research and development includes the arcas of catalysts, membranes, filters, insulators, and
adsorbents. This initiative focuses on research and development in both structural and functional
materials for energy applications.

Structural Materials

Advanced structural materials that can operate at higher temperatures and pressures and that are
more corrosion-resistant will allow the use of new, higher efficiency energy conversion and industrial
processes. However, these high-performance materials often have drawbacks, including high cost,
corrosion sensitivity, and ditficulty of forming and joining parts. Proposed research and development
in structural materials includes new processing methods for increasing ductility and workability
ofhigh-temperature chromium-niobium alloys; synthesis of nanometer-size silicon nitride and
carbide powders for high-temperature ceramics with enhanced sintering performance: novel joining
technologies tor advanced ceramic and alloy structural materials; thermal spray technology for
corrosion and impact resistance; and high-temperature coatings. In cach arca, we are building on
expertise resident at Sandia and on specific structural materials requirements in the DOE Fossil
Energy and Energy Efficiency and Renewable Energy programs.

Functional Materials

Products of catalytic processes impact almost every aspect of our lives, including our food, clothing,
transportation, energy, environment, health care, and defense. Because catalytic processes account
for 20 percent and one trillion dollars of the United States” gross domestic product, research and
development leading to improvements in catalysts and catalytic processes can have a substantial
positive impact on the U.S. cconomy.
Catalysts create a $180 billion export market in chemicals and contribute $12 billion toward a

positive U.S. trade balance. Catalytic research and developmient arcas addressed in this initiative
will include emissions control, catalytic membrane reactors, conversion of hydrocarbon resourees,
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and fuel cells. This effort combines established strengths at Sandia in computer-aided molecular
design, massively parallel computation, process chemistry and reaction engineering, materials science,
and catalyst characterization and evaluation to focus on an integrated theoretical, experimental,
and engineering approach to the design of advanced catalytic materials.

Porous materials are another multibillion dollar technology that broadly impacts industrial
processes. Porous materials otten replace more expensive, energy-intensive processes in energy
conversion applications as membranes and adsorption media for sc_arations, ion exchange, storage,
and purification; environmental and industrial process sensors; electrodes for battery and fuel cell
applications; supports for catalysts; insulators; and lightweight structural materials. Porous materials
rescarch and development areas that will be addressed in this initiative include corrosion- and impact-
resistant high-temperature filters for gas filtration; unique catalytic membrane reactors; other micro-
and meso-porous catalyst support materials; controlled pore size membranes and coatings for
light gas separations; extremely high selectivity crystalline silicotitanate ion exchange materials for
industrial and radioactive waste; porous clectrodes for fuel cells; and fast-cycle, high-capacity
hydrogen and methane storage media. The broad range of capabilities described above would be
employed to take advanced porous materials from concept through technology transter to industry.

Solar Dish-Stirling Systems for Utility Applications Sandia and three private
[for the Assistant Secretary for Energy Efficiency and Renewable Energy (EB)] companies won a 1993
R&D 100 award for a

7.5-kilowatt parabolic-

Modular solar-dish/engine systcms can effectively address near-term, high-value utility applications,
dish/Stirling-engine

such as remote generation and end-of-line capacity additions. To accelerate the introduction of this

technology, we will initiate several dish/engine system development and commercialization projects. ~ YSte™ for generating

electricity. The system
was designed by a team of engineers from Cummins
Power Generation, Inc,, Sandia researchers, and
engineers from Sunpower and Thermacore corpo-
rations. It is the first commercial application of a
free-piston Stirling engine.

Dish-Stirling technology is named for its two
major components, dish-shaped solar concentrators
and a Stirling heat engine. In the Cummins Power
Generation system, low-cost stretched-membrane
concentrators track the sun and focus the sun’s rays
onto a receiver located at the focal point. Each concen-
trator dish is a unit that can track the sun indepen-
dently or as part of a group of dishes.

Inside the receiver, vaporized sodium metal
condenses on the Stirling engine’s heater head. The
condensing sodium heats helium gas inside the
free-piston Stirling engine. The helium is shuttled
between the heater head and the cooler side of the
engine by a displacer piston. The alternating heat-
ing and cooling and cyclic pressure drives the
power piston and alternator to make electricity.

The main application of this system is to pro-
vide electricity to remote communities not con-
nected to a utility grid. The system competes in
costs with other renewable energy systems and is

easier to maintain than diesel generator systems.
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These activities will be patterned after our successful remote-power dish-Stirling joint venture
with Cummins Power Generation.

The objective of these new joint ventures will be to develop distributed solar thermal systems of
approximately 25 kilowatts per module suitable for utility markets. Like the Cummins Joint Venture,
the Utility-Scale Joint Venture Program will include equal cost-sharing between the Department of
Energy and industry. An industrial partner capable of marketing and supporting commercialization
of the technology will be a requirement, as will participation by utilities. Significant industry direction
in developing marketing plans, product development, and program planning and exccution will
be expected. To meet the goal of prototype system demonstrations at utility sites, large-scale
demonstrations are planned to begin in three to five years.

This program could include non-Stirling cycle converters if chosen by industry. Recent technical
advances and manufacturing cost reductions suggest a Brayton-cycle-based system may be economi-
cally competitive in the projected time frame of the Utility-Scale Joint Venture Program.

DOE funding for the initial phases of each of three ne- utility-scale joint venture programs is
expected to be $3 to $5 million per year for about five years. Progression to the large-scale demon-
stration phase will require about $5 million per year for two years for each joint venture program.

Integrated Utility Systems Energy Storage
[for the Assistant Secretary for Energy Efficiency and Renewable Energy (EB)]

The Integrated Utility Systems Energy Storage program will address generation, transmission,
distribution, and end-use energy storage needs. The nation’s total energy use is projected to
increase from 85 quads today to between 102 and 112 quads by 2010. The share of primary energy
consumed to produce energy is projected to increase from 36 to 39 percent. This estimate corresponds
to expanding generating capacity by as much as 245 gigawatts. During this period, to optimize
baseload capacity and substation transformer loading, energy storage will become an essential
capability in an integrated electrical network.

This program matches Sandia integrated systems capabilities in storage technologies (e.g.,
batteries, superconducting magnetic energy storage, capacitors, and so forth) with the needs and
experience of industry and the Department of Energy. Although certain energy storage technology
programs are underway in the private sector and elsewhere in the federal government, thercisa
major role to be filled. First, to formulate long-range energy policy, a comprehensive and integrated
understanding of energy storage technologies and their relative applications is required. Second, a
balanced research portfolio that accelerates the incorporation of present technologies and identifies
new storage technologies should be developed. Finally, joint demonstration programs involving
industry, DOE, and the national laboratories are needed to move these developing technologies
to the private sector.

The successtul implementation of this program will help maintain the continued growth of U.S.
industry by keeping the cost of electricity down, improving the utilization of fossil energy resources,
and minimizing the environmental impact of sustained industrial growth,

Wind Turbine Manufacturing
[for the Assistant Secretary for Energy Efficiency and Renewable Energy (EB)]

In the past ten years, the wind power industry in the United States has progressed to over 15,000
turbines supplying 1,500 megawatts of power to several utilities, primarily in California. With the
complete phase-out by 1995 of most of the tax incentives that helped create the wind energy
market, wind energy conversion systems will have to compete with conventional sources of power
and produce energy in the range of 4 to 5 cents per kilowatt-" Hur.
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Three years of testing on this 50-meter-tall vertical-axis wind turbine (VAWT) in Bushland, Texas, has shown that certain design features
result in greater efficiency and lower operating costs. The VAWT, designed by Sandia, uses multiple-section, tailored blades and a gen-
erator that works at various speeds—features that minimize stresses and maximize energy capture.

Sandia proposes a new project entitled Wind Manufacturing Technology to identify and support
advanced manufacturing technologies that can foster cconomic growth, energy efficiency, and
competitiveness in the wind industry. Breakthroughs in wind turbine manufacturing will provide
the extra boost needed to make wind energy competitive with conventional power sources. Technical
improvements in several areas can impact wind turbine manufacturing. They include composite
design, advanced materials, structural design, systems integration, robotics, cost/performance trade-
off analysis, serviceability and inspectability, and airfoil design. Application of modern coneepts of
agile manufacturing will improve production.

The Wind Manufacturing Technology projectis currently divided into two phases. Phase | is
designated Integrated Rotor Analysis and Manufacturing and concentrates on ways to improve the
manufacturing of rotors and blades. Phase s termed Integrated System Manufacturing and will seck
ways to impact the manufacturing of non-rotor components and the wind turbine system as a whole.

Gas and Oil Technolcgy Partnership
[for the Assistant Secretary for Fossil Energy (AB, AC)]

The Gas “nd Oil Technology Partnership is based on the successful model of the Oil Recovery

Technolagy Partnership, which matched the Laboratories” capabilities with industry needs on a
limited scale. This joint venture between Sandia and Los Alamos National Laboratory is cost-shared
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with industry, and is flexible in approach; moreover, industry helps prioritize its projects. The new
Gasand Oil Technology Partnership reflects the nation’s continued need for oil and gas despite
declining domestic production and a reliance on imports. Oil and gas production share industry
infrastructure, so it is expected that the program can benefit both.

The partnership will match Sandia’s capabilities with industry’s needs and experience and,
through joint collaborative programs, will provide the research and development to address the
technological challenges faced by the industry. These challenges span a spectrum from explorations,
to drilling and recovery, to transportation and storage, to refining and conversion, and finally to
consumption —all while minimizing waste and environmental impact.

Successtul implementation and support of the program will have a positive impact on the petro-
leum industry by providing a needed, versatile technology base and helping to create jobs. [twill also
maintain aleading technology base within the Department of Energy’s national security laboratorics.

Funding requested is $10 to $15 million per laboratory in the first year to identify the technology
arcas, establish industry interactions, and initialize vital projects. Funding will gradually increase
to $150 million per year per laboratory over the remainder of the decade to permit the laboratories
to conduct a full range of research and development identified by industry.

Hydrogen Storage and Utilization
[for the Office of Energy Research (KC)]

The environmental impacts of contemporary energy utilization and our national dependence on
foreign supplies are a source of growing public concern. This concern highlights the importance
of developing alternative energy carriers for transportation, utility, and industrial utilization. In
particular, hydrogen is an abundant and versatile energy form which offers significant advantages
over other alternative fuels, including the potential to reach zero pollutant emission levels, burn
without carbon dioxide production, and be domestically produced.

There are significant challenges to hydrogen utilization, including cost-competitive energy
production, efficient storage, eftective conversion systems, and an infrastructure for distribution.
These problems cut across several technology areas, and solving them will require the application
of many disciplines. Development and demonstration of eritical technologies for a hydrogen
energy system is a high-risk, long-term effort in which the government, through the Department
of Energy, should play a pioneering role.

Sandia is uniquely positioned to contribute to this program because we are the recognized
leader in hydrogen isotope systems (developed in our nuclear weapons mission) and because our
organization has multidisciplinary depth. Weapons programs will benefit from the dual-use aspects
of this technology and the synergistic maintenance of our core technical expertise. The hydrogen
energy program will be leveraged by our existing programs and facilities. Sandia’s Combustion
Research Facility, which has a complete spectrum of hydrogen combustion experimental and
modeling capabilities, will play a central role in this program in basic and applied rescarch,

The program will explore storage development and utilization and work toward an integrated
demonstration ofa complete storage, delivery, and conversion system. The storage clement will
develop alternative storage concepts aimed at maximizing energy density and engineering those
concepts into storage device subsystems that can supply an internal combustion engine or fuel cell.
Specific storage concepts will be high-pressure, lightweight tanks, adsorption systems, and a light -
weight hydride. Other required storage system components, such as sensors, filters, and valves,
willalso be developed and integrated into the subsystem design,

The utilization clement will focus on internal combustion engine modeling and testing, develop-
ment ofa hydrogen-burning conventional engine , and the development of a hydrogen-burning inter-
nal combustion engine optimized for efficiency and clean emissions at a single speed/load condition.
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Now is the time to explore and develop alternatives for th ¢ nation’s future energy needs. "Chis
program will impact this need by helping to determine the viability of hydrogen as a major encrgy
carricrand vitl develop some of the eritical technologies required to implement this vision,

Combustion Dynamics
{for the Office of Energy Research (KC)]

The Combustion Dynamics Imiiative is a joint proposal by Sandia National Laboratories and the
Lawrence Berkeley Laboratory in support of the Department of Energy’s national role in combustion
research. The goal of the initiative is to improve the etticiency of combustion processes while min-
imizing pollutants and other undesirable etfects.

The Combustion Dynamics Initiative comprises two important facilities: completion of the
untinished Combustion Rescarch Facility Phase 11 project at Sandia, and construction of the Chemical
Dynamics Research Laboratory at Lawrence Berkeley Laboratory.

Research at the Combustion Dynamics facilities will produce predictive combustion models by
using data from experimental and theoretical studies. These models could be very useful to U.S.
industry in designing next-generation combustion systems. Research at the Combustion Rescarch
Facitity will emphasize development of optical diagnostics for combustion, studies of chemical
kinetics and reacting lows, and complementary studies in chemical physics. In collaboration with
researchers from universities and industry, Sandia and Lawrence Berkeley will develop and apply
advanced instrumentation for combustion studies.

These activities will result in new insights into the clementary reactions involved in hydrocarbon
combustion, the structure and dynamics of highly excited molecular species, and molecular energy
flow processes, all of which are critical for advancing combustion technology. Research results from
fundamental studies of chemical reactivity and fluid mechanies will be incorporated into computer
maodels to improve the design of engines, burners, boilers, furnaces, and gas turbines. The proposed
maodecling effort already has several industrial participants, including Allison Gas Turbine Co.,
Cummins Engine, and the John Zink Company.

The Combustion Dynamics Initiative will ofter unparalleled resources for users to study funda
mental and applied combustion processes. Researchers at Sandia’s Combustion Research Facility
will be able to utilize advanced laser systems to study ultra fast processes in chemistry and combustion,
and perform two- and three-dimensional imaging of the physical and chemical propertics of turbulent
reacting flows.

Funding Requirements for initiative Project Proposa's in Energy Research and Technology Development
(Dollars in constant FY 1994 millions; personnel in FTEs)

edr ] Year2  Year3 Year4 Year5

Photovoltaics Industry Development
Federal, State, and Regional Government Agency Photovoltaics Initiative
Operating 3.0 4.5 6.0 6.0 55

Direct Personnel 4

wn
~
~J
(=)}

Photovoltaic Collector Manufacturing Process Development
Operating 25 3.0 4.0 45 5.0

Direct Personnel 6 8 9 10 1
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Funding Requirements for Initiative Project Proposals in Energy Research and Technology Development

(Continued)

(Dollars in constant FY 1994 millions; personnel in FTEs)

Year 1

Photovoltaic Balance-of-Systems Manufacturing Technology
Operating 8.0

Direct Personnel 5

Photovoltaic Systems Lifetime Improvement
Operating 35

Direct Personnel 5

Utility Photovoltaics
Operating 20

Direct Personnel 4

Subtotal, Photovoltaics Industry Development
Operating 19.0

Direct Personnel 24

Advanced Materials for Energy Conversion
Operating 10.0

Direct Personnel 30

Solar Dish-Stirling Systems for Utility Applications
Operating 10.0

Direct Personnel 9

Integrated Utility Systems Energy Storage

Operating 35
Construction 05
Total Cost 40
Direct Personnel 10
Wind Turbine Manufacturing
QOperating 1.0
Direct Personnel 2

Gas and Oil Technology Partnership
QOperating 150

Direct Personnel 30

Year2

100

7

4.0

24.5

32

14.0

40

12.0

10.0

50

150

25

4.0

300

50

Year3

120

8

320

38

17.0

45

15.0

200
250

50

50

500

60

50

6.0

315

39

19.0

50

15.0

20.0

20.0

50

5.0

80.0

100

200

70

30.0

36

220

55

15.0

20.0

50

24

100.0

120
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(Continued)
(Dollars in constant FY 1994 millions; personnel in FTEs)

Year1 Year2 Year3

Hydrogen Storage and Utilization

Operating 20 2.5 3.0
Direct Personnel 5 7 10
Combustion Dynamics
Operating 50 50 50
Construction 00 . 98 .
Total Cost 15.0 14.8 5.0
Direct Personnel 25 25 25
Total, Eﬂe‘rgy Research and Téchhbidéy D&élopmént
Operating 65.5 102.0 147.0
Construction 105 148 50
Total Cost 76.0 116.8 152.0
Direct Personnel 135 193 244

1785
1785

290

Funding Requirements for Initiative Project Proposals in Energy Research and Technology Development

197.4

1974

315
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Biomedical Systems Engineering

Health care costs in the United States are increasing rapidly. These costs are a major concern to the
public and contribute to the decline in U.S. economic competitiveness. The proper application of
advanced technologies through biomedical engineering could significantly reduce some aspects
of the overall cost without compromising or rationing health care.

The national laboratories possess a wealth of engineering and scientific expertise that can be
applied to this critical need. However, the expertise resident in these entities has not vet been used
to develop technologies that can help reduce health care costs. Research in biology (for example,
the human genome project) is underway at several Department of Energy laboratories. However,
there is little focused ettort directed at developing biomedical technologies that have the potential
to reduce health care costs.

Project Proposals for the Major Initiative
in Biomedical Systems Engineering

National Biomedical Engineering Institute
[for the Assistant Secretary for Defense Programs (GB);

the Office of Health and Environmental Research;

and Advanced Research Projects Agency]

Development of aftordable technologies to drive down health care costs requires both technical
innovation and a thorough understanding of the medical community’s requirements. We propose
to establish the National Biomedical Engineering Institute to lead the country’s efforts in applying,
technology to reduce health care costs.

The institute would torm interdisciplinary teams with members from the national laboratories,
university medical schools, and industry to guide technology development. These teams, dispersed
throughout the United States and connected via an information infrastructure, would identity the
largest cost drivers in health care delivery, define areas where technology could impact those costs,
conduct focused rescarch and development programs, and arrange for the transter of resultant
technologies to industry. A multidisciplinary approach will combine state-of-the-art technology
development by the national laboratories and industry with insight from the medical community,

The major emphasis will be on a systems engineering approach to defining the role of technology
in reducing health care costs. Prior to beginning technology development, a comprehensive study will
be conducted to identify arcas in the health care delivery system where technology can reduce costs,

Sandia has already developed several biomedical applications that hold potential for reducing
costs and improving diagrosis or treatment. For example, a set of computer algorithms developed
by Sandia computer scientists to find inobile targets in combat operations has been used to interpret
digitized mammograms. Usce of these algorithms has been shown to increase tumor detection rates,
In collaboration with the Baylor University Medical Center, Sandia is applying massively parallel
computational techniques to enhance the utility of magnetic resonance imaging in diagnosis of
breast cancer and brain disorders. We plan to continue improving the target recognition algorithms
in a dual-use fashion to serve both military and civilian needs tor image processing,

High-performance computing is also enabling great advances in the ficld of computational
biology. In cooperation with a major pharmaceutical company, Sandia is applying massively parallel
computing to unravel the interactions between DNA molecules and drug molecules. This work
provides insight into drugs that might eventually cure cancer and AIDS.
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One of the most promising new developments in the field of medicine is that of minimally
invasive diagnostics and procedures. Sandia has already demonstrated competence in the devel-
opment of noninvasive sensors. For example, a spectroscopic blood monitor has been demonstrated
to measure blood glucose noninvasively, making it possible for people with diabetes to more
accurately manage the disease. This technology has now been licensed for commercial development.
Ituses computer software originally developed with DOE Defense Programs funding for evaluating,
explosives in the stockpile. In addition, we are defining a program with Johns Hopkins University,
Massachusetts General Hospital, IBM, and others to develop three-dimensional imaging techniques,
micro-surgical instruments, data fusion techniques, and physician workstations to improve the
ability of surgeons to perform laparoscopic and endoscopic surgery. DOE’s Otfice of Health and
Environmental Research has expressed interest in this program.

We have participated in discussions with National Institutes of Health, National [nstitute of
Standards and Technology, private health care providers, and the Veterans Administration on the
need for modeling and simulating the nation’s health care delivery system. Such a project would
muake it possible to evaluate the cost effectiveness of various treatment options, provide a database
for research on outcomes of treatment, and help in the identification of technology development
road maps that could lead to reductions in health care costs.

A new trend in medicine is toward more home health care to reduce the average length of hospital
stays and to allow infirm people to remain at home while being monitored. To facilitate this trend,

This computer-generated composite illustrates a potential application of Sandia’s work using massively parallel computation to process
conventional magnetic resonance (MR) image data. In the bottom image, a Connection Machine supercomputer produced a “synthetic
x-ray” of an entire MR scan, revealing a clouded area representing a lesion. The image is one of hundreds of different views thai would
be instantly available to radiologists for analysis. In the upper left image, Sandia’s Intel super-computer processed the MR scan to pro-
duce a geometric interpretation of the bottom image. The region of interest is enlarged in the upper right corner. The information could
be used to mechanically guide a biopsy, as illustrated by the needle.
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small, low-cost sensors with communications capability are desirable for monitoring the state of health
of outpatients, post-operative patients, and home-bound patients. Such devices are also of interest
to the military for monitoring the health status of troops on the battlefield. We are discussinga
program in this area with ARPA and several private companies.

Development of biologically compatible materials is an increasingly important area of medical
research. Sandia’s role in the nuclear weapons program has led to a strong capability in engineered
materials. Applications of this capability to the field of biomedical engineering will lead to new bio-
logically compatible materials for implantable sensors, bone and hip replacements, and skin grafts.
Specifically, microcellular foams, long used for packaging nuclear weapon components, are currently
being evaluated for applicability in bone replacement. Adhesives for permanently repairing meniscal
tears have been proposed for funding through our laboratory-directed research and development
program. In addition, the combination of the bioactivity of silicate glasses with the mechanical
properties of structural materials may lead to the development of more useful prosthetic devices.

National Medical Information

and Communications System Design
[for the Office of Health and Environmental Research; Advanced Research Projects
Agency; and the Veterans Administration]

Many studies have shown that one of the major contributors to rapidly growing health care costs
is the lack of timely, accurate information on patient records. This lack of information frequently
results in redundant medical tests that add to health care costs.

In conjunction with major medical research institutions, the Advanced Research Projects Agency;
the Veterans Administration, and the National Library of Medicine, Sandia is exploring the appli-
cation of its capabilities in data and network surety, high-speed communication links, and high-
performance computing to a program for designing a national medical information infrastructure.
In addition to patient records, the system could also provide high-speed image processing capability
to increase the utilization factor of expensive equipment, such as magnetic resonance imaging (MR1)
instruments. Substantial cost reductions appear to be possible if such a system is developed.

Funding Requirements for Initiative Project Proposals in Biomedical Systems Engineering
(Dollars in constant FY 1994 millions; personnel in FTEs)
Year 1 Year2  Yeard  Yeard  Year5

National Biomedical Engineering Institute

Operating 10.0 25.0 50.0 100.0 100.0

Direct Personnel 50 100 200 200 200
National Medical Informatien and Communications System Design

Operating 50 10.0 10.0 15.0 20.0

Direct Personnel 20 50 50 70 100
Total, Biomedical Systems Engineering

Operating 15.0 350 60.0 115.0 120.0

Direct Personnel 70 150 250 270 300
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Post-Cold War Defense Imperatives

The demise of the Soviet Union has diminished the strategic threat to the United States. However, we
continue to face two strategic security challenges as a nation. First, the threat posed by the continuing
existence and spread of technologies of mass destruction challenges us to sustain a credible nuclear
deterrent and to preserve the national capability and capacity to rebuild our forces in response to cur-
rently unforeseen circumstances. Second, the impact and etfect of an increasingly competitive global
economy challenges us to ensure that our concepts of national interest and security remain current,
realistic, and sufficiently comprehensive to encompass the full range of potential threats to our
national integrity.

We advance the following set of coordinated nonproliferation and other defense-related proposals
that will respond aggressively to the evolving challenges facing DOE in its enduring responsibilities in
defense and intelligence. Care has been taken to avoid unnecessary mission expansion. In each case,
these initiative proposals extend established responsibilities and capabilities. Each of them will provide
expanded benefit to the nation and serve to exercise, sustain, and build upon core competencies that are
essential to meeting programmatic requirements. In this sense, each of these initiatives has been
developed as a means of extending the benefits and reaping further “value added” from existing
assets and resources.

Project Proposals for
Post-Cold War Defense Imperatives

Nonproliferation Technologies Center
[for the Office of Intelligence and National Security (GC, GJ, and NT)]

Preventing the proliferation of nuclear weapons has been an important policy and technology problem
for decades. Unfortunately, the principles of nuclear weapon development and production are
increasingly accessible to determined governments. This proposed initiative will focus on improving
our national capability to detect and characterize clandestine nuclear activities, including materials
production, weapon engineering development or weaponization, and weapon proof testing.

Sandia has one of the oldest and largest programs in the area of arms control and nonproliferation.
Since the 1950s, the Laboratories has developed instrumentation to verify compliance with the
Limited Test Ban Treaty. Our current activities include efforts to improve the sensitivity of satellite
sensors that can detect and locate nuclear bursts in the atmosphere and to assist Los Alamos National
Laboratory in providing an enhanced capability for detecting bursts in space. Our seismic detection
systems provide the capability to monitor underground nuclear testing, and we support DOE’s
Office of Intelligence and National Security by conducting assessments of foreign weapon devel -
opment capabilities and developing export control guidance. Sandia also originated a variety of
systems that are used by the International Atomic Energy Agency in fulfilling its containtnent,
surveillance, and nonproliferation responsibilities.

The need for better technologies for detecting nuclear materials production was underscored
in 1991 by the startling extent to which Iraq had pursued the production of weapon-grade uranium
without detection. In fact, past failures to detect or control the proliferation of nuclear weapon
technologies in Iraq and South Africa certainly resulted in part from our lack of sufficient means
to determine the status of development programs in those countries.

Sandia has extensive experience in the development of nuclear radiation detection and other
sensor systems and the analysis of collected data. Established capabilities also exist in adversarial
analysis, vulnerability analysis, foreign systems technical analysis, and foreign capabilities analysis.
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Sandia has developed promising new concepts for advanced sensors that may significantly
improve our detection capability in this difficult area. Ground-based or airborne air-sampling
systems and airborne or space-based imaging radiometry and differential absorption lidar may be
effective. Advanced seismic, electromagnetic pulse, and radiometric sensors would be useful for
detecting low-yield weapon proof tests.

Technologies for monitoring declared nuclear activities for compliance with international
safeguards are also needed to increase the visibility of activities in potential proliferant nations.
Confidence in such “transparency measures” (surveillance measures approved by the host coun-
try) is essential to providing assurance to nations that pledge not to build nuclear weapons that
proliferation can and will be detected and exposed. The Open Skies Treaty is a transparency mea-
sure that opens most of the northern hemisphere to overflights by surveillance aircraft. A variety
of airborne sensor systems can and must be developed to take full advantage of this measure and
obtain data that can be analyzed to effectively track weapon activities.

Our capability to respond to proliferation after international nonproliferation constraints have
failed and a nuclear capability exists is rapidly becoming a significant national security concern.
While preventing the spread of nuclear weapons is and must remain a top priority, proliferation
will continue to occur. The nation must have a full range of options for countering this threat.

Sandia’s counterproliferation efforts specifically address improvements in our ability to pro-
tect vital national security interests against threats posed by proliferated nuclear weapons. We are
exploring system architectures and technologies that will provide options ranging from eliminat-
ing a proliferant’s capability, lowering his motivation to threaten our interests, reducing our vul-
nerability to the use of such a device, and, as a last resort, minimizing the consequences of an attack.

The potential threat of a covertly emplaced nuclear device, under circumstances similar to the
bombing of the World Trade Center, underscores the need to improve our ability to prevent such an
occurrence. New sensor and information technologies are needed to better determine the capabilities
and intentions of a proliferant, to detect and locate devices, to disable such a device when discovered,
and to perform the forensic analysis that can identify the source of such devices and deter covert use.

The development of the Nonproliferation Technologies Center will strengthen our national capa-
bilities by serving as a focal point for research and expertise and as a clearinghouse for information on
the development and application of nonproliferation technologies. In addition, this center will also
serve to address the problem of managing, synthesizing, and communicating the deluge of data from
sensors and other sources and generating useful knowledge about a country’s weapon activities, Sandia
is developing knowledge synthesis systems, based on neural networks and rule-based proliferation
profiles, to manage the fusion of data consisting of multiple formats or derived from multiple sensors
or sources, These systems have the potential to greatly increase analysts’ productivity.

The Nonproliferation Technologies Center will bolster U.S. nonproliferation capabilities
through advanced technology development and analysis. It addresses known deficiencies and
proposes specific enhancements that can provide new classes of proliferation data. The availability
and reliability of such information will become increasingly important in the new multipolar world.

Enhanced Transportation Surety
[for the Office of intelligence and National Security (GD)]

Sandia has played a major role in transportation surety since the carly 1970s, when the Depart-
ment of Energy’s Transportation Safeguards System was conceived and implemented. Sandia has
extensive capabilities in the safe, secure transport of nuclear weapons, special nuclear material,
and related weapon components. Indeed, nearly every major component of the existing system,
including Safe Secure Trailers, special armored tractors, and the Secure Communications System,
was designed by Sandia. Much of the technology that has been developed in these arcas is now
used in the secure transportation of high-value commercial goods.
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Aswe enter the next century, the transportation of nuclear weapons and weapon components will
continue to receive increasing public scrutiny. While the current DOE transportation safeguards
system has certainly served the nation well over the past two decades, the increasingly dynamic
international environment, coupled with the rapid rate of technological change, clearly demonstrates
the need to upgrade and enhance both safety and security in the transportation of nuclear weapons,

Sandia is currently engaged in the design, development, and prototyping of a next-generation
transporter called the SafeGuards Transporter. The focus of this effort is to incorporate modern
safety and security technologies into a new design that will ultimately replace the twenty-year-old
Safe Secure Trailer design. The SafeGuards Transporter will incorporate improvements identified
in recent risk assessments and tests conducted in support of a full transportation safety analysis;
however, it will be only one part ofa much-needed comprehensive systems modernization that
should address all aspects of the system, including operations and procedures.

This Enhanced Transportation Surety initiative will build upon the work already being done
in conjunction with the SafeGuards Transporter exercise and take advantage of Sandia’s established
capabilities. It will also address other important issues and concerns that need further attention.

The goals of the Enhanced Transportation Surety Initiative are to significantly improve overall
system security and safety, reduce manpower requirements, and extend these enhancements to oper-
ational movements within both the DOE nuclear weapons complex and the Department of Defense.
Specific areas to be investigated include the development of improved probability risk assessment
tools, consequence modeling, and accident databases; the incorporation of commercially available
satellite-based mobile communications systems; and the development of satellite-based tagging and
tracking. Rapid prototyping of cost-eftective, application-specific solutions will be emphasized. Sandia’s
intimate knowledge of the current transportation sateguards system, as well as our involvement in
the complex reconfiguration task, will allow system upgrades to be rapidly implemented in the field.

The enabling technologies developed through this effort will offer benefits to the private sector,
including the capability to implement worldwide, satellite-based, real-time inventory of high-value
goods in transit (of potential value to shipping industries) and enhanced dynamic modeling and
simulation of accidents (of potential value to the automotive industry).

Next-Generation Nuclear Weapon Controls
[for the Assistant Secretary for Defense Programs (GB)]

Sandia has responsibility for both use-control features within nuclear weapons and the use-control
ancillary equipment that is deployed worldwide and used by the Department of Defense to support
assurance of weapon use when authorized by the President and to assure against unauthorized use.
The changing world environment has made it highly desirable to introduce a number of enhancements
to the use-control features in existing nuclear weapons stockpile and in the use-control ancillary equip-
ment systems. Inaddition, it would now be highly desirable to enhance the flexibility within Dol
for conducting peacetime logistics operations and for dynamic operational response to future crises,
This proposal consists of five “focal efforts” that will take advantage of our established capa-

bilities to develop vital enhancements.

Focal Effort One: Enhanced Weapon Use Denial

After the Department of Energy, the Fail-Sate and Risk Reduction Study Advisory Committee,
and the Secretary of Defense were briefed on recent assessments of the use-control effectiveness of
weapons in the stockpile, the advisory committee recommended that efforts be undertaken to enhance
weapon use-denial effectiveness. This focal effort will consist of a technology development program
thatapplies Sandia’s existing materials science, explosives, and component design capabilitics, in
coordination with Los Alamos and Lawrence Livermore national laboratories, to enhance the
current level of use-denial effectivencess. A thrust of this effort will be to establish approaches that

Major Initiatives

5-65



5-66

can be applied to the existing stockpile, as well as any future weapons, The customers for this
effort will be the departments of Energy and Defense.

Focal Effort Two: Integrated Safety and Use Control

Since the introduction of permissive action links (PALs), nuclear safety and use-control features
within weapons have been separated. This approach was largely driven by technologies available to
the design community during the 1960s and 1970s. With development completed on a new PAL
(the code-activated processor), the greater feasibility of optical technologies, and Sandia’s capabilitics
in miniature mechanisms design, an opportunity exists to integrate safety and use-control functions
within the weapon. Such integration will enhance nuclear safety and use-control effectiveness.

Our second proposed focal effort will undertake this integration of safety and use control. The
technology developed through this process could have application for upgrading the surety of
existing weapons, enhancing conventional munitions satety, and providing additional command
and control capabilities for both governmental and commercial applications. The customers for
this effort will be the departments of Energy and Defense.

Focal Effort Three: Remote Permissive Action Link

and Inventory Operations

Sandia has developed permissive action link devices that have the capability for encrypted
communications. Encrypted communication with the weapon opens the possibility of remote secure
permissive-action-link recode and verification and weapon inventory. It offers a means of direct,
secure communication with the weapon while it is in storage or being deployed. Full implementation
of these highly desirable capabilities is dependent upon the further development of a nuclear-safe
means of transmiitting information, eventually consisting of an electrical signal, into the weapon.,

Our third proposed focal effort will undertake the development of this enabling technology in
the form of the capability for optical transmission of energy and information directly to permissive
action link devices contained within weapons. This optical interface will provide the required nuclear
safety electrical isolation while providing a continuous, real-time communication link. Such a link
would enable real-time communications between the weapon and the military command head-
quarters responsible for mission planning and execution and peacetime logistics support.

Customers for this effort will be the military services and headquarters commands. However,
the enabling technologies developed in this work will also have application in inventory and con-
trol of high-value commercial goods.

Focal Effort Four: Multilevel Secure Information Systems

Sandia routinely develops «..-ure information systems for itselfand its customers and has well-estab-
lished capabilities and assets in this area. The currently accepted strategy for developing secure informa-
tion systems is to isolate them from all potential threats. However, this approach has some significant
disadvantages. Customers must duplicate information systems for different levels of classified data,
and these systemsare not flexible enough to rapidly or adequately respond to changes in requirements.

The open literature is full of challenges, from both government and industry, to develop better
ways to manage sensitive information. Our fourth proposed focal effort will utilize Sandia’s established
capabilities in this area to undertake the development of better techniques for managing multiple
levels of classified data. Pursuing and meeting this challenge will exercise and sustain essential
capabilities, demonstrate necessary technological leadership, and make a major contribution to
the operations ofboth the government and the private sector, especially in this new era of increasing
commercial and industrial espionage activity.

Customers for this work include virtually all government agencies and contractors and many
elements of the private sector that need to protect sensitive or proprictary information,
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Focal Effort Five: Use-Control Assessment

Use-control effectiveness assessments for nuclear weapons are conducted when weapons first enter
the stockpile and when changing conditions indicate that the assessments should be updated. A
recent reassessment of the effectiveness of all weapons in the stockpile has indicated that it would
be desirable to update and refine the methodologies used in conducting these assessments. Full-
scale experiments will be required to validate these new methodologies as well as the results of the
recently completed assessments.

Our fifth proposed focal effort will update the current use-control assessment methodology
and conduct full-scale use-control effectiveness experiments to validate the updated methodology.
The results will provide information to DOE and DoD) concerning the use-control effectiveness of
the stockpile. Customers will be senior management in the departments of Energy and Defense.

National Center for Risk Assessment
[for the Assistant Secretary for Defense Programs (GB)]

Sandia has extensive responsibilities in the arcas of nuclear safety and stockpile surety. Over the
past few years, our eftforts in these arcas have been expanded to include the reapplication of advanced
risk assessment methods, techniques, tools, and databases that were originally developed in our
nuclear reactor satety program. The application of these techniques to weapons concerns is already
providing DOE and DoD) customers with unique perspectives on the surety of weapon systems.

This initiative proposes to expand these eftorts to provide decision makers with a greater range
of technicaliy defensible and timely information on the risks associated with both the stockpile and
other issues of importance to the nation, and to strengthen these capabilities through the formation of
a National Center for Risk Assessment. This center will serve as a focai point for expertise and a
clearinghouse for insormation from the international weapons community, DOE, and the
national faboratories, On a broader scale, this center will stimulate the utilization of modern risk
assessment capabilities, from the current focus on the surety of our enduring stockpile to a wider
range of “dual use™ applications, to other advanced technology or potentially hazardous opera-
tions both within the governmental arena and throughout the national strategic industrial base.
Thus, the center will promote beneficial interaction between government, industry, and academia
with regard to the development and implementation of risk management methodologies.

Nonnuclear Component Manufacturing
[for the Assistant Secretary for Defense Programs (GB)]

The Department of Energy faces a significant challenge in reconfiguring the nuclear weapons
complex from the current system of laboratories, production agencies, and supplier networks toa
streamlined, smaller, and more modern and efficient system. The reconfigured complex should
be capable of reducing operating costs while maintaining the readiness and credibility of the
enduring stockpile and rapidly responding to unforeseen developments.

In recent years, as the pressures of international industrial competition have intensified, many of
our domestic industries have faced similar challenges and have responded with innovative mixtures
of new technology and modern business methods. Most of our domestic industries, however, are
still challenged to improve their ability to deliver a product mix that is tatlored to highly specific
and rapidly evolving market requirements. This situation is made even more challenging by the
fact that modern market requirements invariably include unprecedented demands for product
quality and reliability at extremely competitive costs. Itis the similarity of the challenges facing the
nuclear weapons complex and our domestic industrial sector that sets the stage fora new and pro-
ductive partnership between DOE and the nation’s strategic industrial base.
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Although the existing nuclear weapons complex has met the need for a safe and reliable stockpile,
the current complex is much too large, too widely distributed geographically, too expensive, and
too outdated in relation to both current requirements and modern environmental safety and health
standards. DOE's strategy for consolidating and updating the complex focuses on integrating the
essential competencies within the weapon laboratories and production plants with both specialized
new capabilities that must be developed to meet the unique needs of the complex and the broader
capabilities available within the private sector.

To be successtul, the DOE will need to make progress along two parallel fronts, First, investments
and progress must be made in refining and implementing advanced manufacturing processes,
technologies, techniques, and materials that are cither developed within the nuclear weapons
complex or adaptively reapplied to its needs. Examples in this category include computer-aided
design, computer-aided engineering, and computer-aided manufacturing (CAD/CAE/CAM);
process simulation and automation; information networks; environmentally conscious materials,
design, and manufacturing; concurrent engineering; and the flexible integration of research and
development and production sites into scamless “virtual” factorics.

Second, new approaches to business processes and weapon system realization will be necessary,
Examples in this category include supplier partnerships, innovative procurement strategies, and,
possibly, a greater emphasis on standardized, commercially available, components. For the most
part, these are the same investments and the same new approaches that our domestic industries
are exploring in order to build their strengths in an increasingly competitive world market.

Some of these investments and approaches have already been explored and are being further
developed at Sandia. Some progress has already been made in concurrent engineering, automation
and robotics, electronic information networks, privatization of weapon component manufacturing
and procurement, and new approaches to quality. However, much more work remains.

This Nonnuclear Component Manufacturing Initiative will build upon Sandia’s established
capabilities, existing assets, and current efforts and extend our current responsibilitics to provide
fullintegration of the weapon system realization process. This effort will involve some production
responsibilities. However, of most importance, it will reflect the vision to implement a more
responsive and efticient, cradle-to grave approach extending from initial weapon conceptualization
through production and service life to final retirement, dismantlement, and disposal.

Successtully implemented, this eftort will reach well beyond the requirements of the nuclear
stockpile and create within the nuclear weapons complex a national resource for the exploration
and demonstration of integrated research, development, and productic a operations; a test bed
for the development of advanced industrial processes; a model for best industrial practices; and a
vehicle for DOE contributions to advanced manutacturing and technology transfer. Heavy direct
industry participation in the Nonnuclear Component Manufacturing Initiative will be the means
by which costs can be minimized and value to both DOE and the private sector can be maximized.

Jupiter X-Ray Simulation Facility
[for the Assistant Secretary for Defense Programs (GB)]

Sandia has the responsibility of ensuring that the nonnuclear components of U.S. strategic
nuclear systems are safe, reliable, and capable of surviving hostile radiation environments. Aslong
as the United States maintains a nuclear deterrent, this will continue to be a critical responsibility.
The Defense Nuclear Agency (DNA) has the complementary responsibility of ensuring that
strategic weapons and space systems are also capable of surviving hostile radiation environments,
Given these parallel missions, a strategic alliance between Sandia and DNA was forged in 1991,
with both organizations agrecing to work cooperatively in developing advanced pulsed-power
systems and radiation simulation capabilities in support of their respective mission requirements,
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The directed cessation of underground nuclear tests has created a critical need to signiticantly
improve our national aboveground radiation testing capabilitics. We will be required to certify
that all nuclear weapon subsystems provided by Sandia will remain survivable and provide such
certification without the radiation test environments that are now obtainable only through under-
ground nuclear testing. Inaddition, Dol) must certify their space-based or missile defense systems
to meet specified radiation survivability criteria.

The construction of a new x-ray simulation facility will substantially improve our capability to
test with a significant quantity of cold and warm x-rays to produce intense fluences over large arcas,
a capability that can now be met only through underground testing. Such a simulator would fulfill
an imperative need for both DOE and Dol radiation effects testing, and it is being pursued as a
joint effort to be funded equally by both agencies.

This required facility, Jupiter, will be a cold and warm x-ray facility that will permit testing of
both materials and components that currently can now only be tested in underground tests. The
facility will build upon Sandia’s established capabilities extended through the application of new
technologies developed at Sandia, other government laboratories, universities, and industry. This
facility will have a pulsed power generator to drive a z-pinch implosion to produce x-rays with ener-
gies up to 20,000 clectron volts aver much larger exposure arcas than are possible with contemporary
aboveground simulators. This capability will provide excellent simulation fidelity for the radiation
effects testing of optics, materials, and weapon components. Jupiter will also provide opportunities
for weapon physics research and x-ray physics testing with 5 to 20 megajoules of thermal x-rays,

The possible rise of existing stockpile components in new configurations represents a major
design and certif. tion effort. Likewise, Dol) space systems, satellites, and hardware are new and
developing designs that are required to meet radiation survivability criteria. X-ray eftects on these reen-
try vehicles and space systems, which now can only be tested underground, would be tested above-
ground in high-fidelity radiation environments. The Jupiter X-Ray Simulation Facility is key to
ensuring a survivable nuclear stockpile and supporting strategic space systems for the United States.
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National Center for RSTAKA (Reconnaissance,

Surveillance, Target Acquisition, Kill, and Assessment)
[for the Assistant Secretary for Defense Programs (GB)
and the Department of Defense]

The demise of the Soviet strategic threat has been accompanied by growing ethnic conflicts and
fracturing of formerly stable relationships. At the same time, we are witnessing a rapid proliferation
of weapons of mass destruction. This increasingly unstable world raises the specter of new regional
conflicts with very destructive outcomes. Much of the development of these weapons is carried out
in buried facilities that are difficult to attack. In addition, they may be located in densely populated
areas where civilian casualties could occur in the event preemptive actions are undertaken, Warheads
for this application would have to be delivered with extremely high precision, and include such
options as conventional explosives, carth penetrators, kinetic energy projectiles and low-yicld
nuclear weapons,

Inaddition to countering weapons of mass destruction, the United States must confronta
multipolar threat of conventional conflict in a regional context, and it must do so with a smaller
military capability. "To deter these threats, the United States must demonstrate its ability to rapidly
project force and dominate a battletield quickly to achieve military objectives with very few
triendly casualties and with low collateral damage.

Success in cither environment requires real-time, exquisite situation awareness through application
of sensors, communications, and data analysis. The systems solution we envision for countering
these threats is an integrated information and precision weapon-delivery system that would include
elements of reconnaissance, surveillance, target acquisition, kill, and assessment (RSTAKA).

Contemporary battle management systems are severely challenged in several ways, Recon-
naissance systems provide limited coverage, are not all-weather, and are not directly taskable by
war-fighting commanders. Mobile targets are hard to find and acquire. Command and control
systems are too slow to acquire, assimilate, and reduce data, present action options to comman-
ders, and direct responses to targets. Strike systems lack the speed and accuracy to destroy mobile
and fixed assets from stand-off positions with low collateral damage and with impunity.

Improving RSTAKA capabilities will require advances in ground, air, and space-based sensors
to fully characterize the battlefield and understand an enemy’s order of battle deep behind his lines.
Command and control systems must be made extremely responsive with rapid data fusion and
real-time decision capability. Fast, high-precision, retargetable, stand-off strike weapons must be
developed with appropriate warheads. Morcover, such advances must be closely integrated and
furnished with a facile user interface for theater commanders.

A coordinated RSTAKA program could be managed by a joint DOE/DoD) program oftice
tasked to identify critical needs and the research and development initiatives required to meet
them. Teamwork among industry, universities, and the federal laboratories would be coordinated
to permit rapid resolution of critical technical issues. Such partnerships should be encouraged
and managed for the optimum benefit to the program. Industry partnerships can be very usetul
for engineering producibility into rapidly prototyped demonstration projects.

Sandia has developed competency in advanced technologies that would be important to a
RSTAKA program. Unique capabilities that have emerged from our ongoing technology base
activities include unattended ground sensors, data fusion software, all-weather day/night synthetic
aperture radar imaging systems, and hypervelocity weapon delivery systems.

Sandia also has an extensive testing infrastructure that can make a unique contribution to the
RSTAKA etfort. In particular, the Tonopah Test Range in Nevada, and possibly facilities at the
Nevada Test Site, are superbly suited to a large-scale, integrated RSTAKA demonstration with
instrumentation, telemetry, and simulation to support a variety of flight testing with high fidelity
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when these facilities arce linked to distributed national simulation facilities. Designating the

Tonopah Test Range a user facility fo-

TAKA demonstrations would be a cost-ettective and
technically astute application of this «...standing defense research and development asset.
The gross funding estimate tor Sandia participation in a national RSTAKA initiative is based

on the expectation of intensive utilization of Sandia’s laboratory and test capabilities, Costs will

vary depending on the mix ofactivities conducted. We expect that the installed capital base of test

facilities will be a cost advantage to U.S. government and participating industry users.
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Funding Requirements for Project Proposals in Post—Cold War Defense Imperatives (Continued)

{Dolfars in constant FY 1994 millions; personnel in FTEs)

Year 1 Year2 Year 3
Construction
DOE 10.0
DNA 15.0 20.0
Total Construction 15.0
Total Cost 21.0 34,0 46.0
National Center for RSTAKA .
QOperating 30.0 50.0 70.0
Construction 10.0 20,0 20.0
Total Cost 40.0 70.0 90.0
Direct Personnel 75 125 175
Total, Post—Cold War Defense Imperatives
Operating 2448 313.0 368.0
(apital Equipment 10.8 127 131
Construction 100 350 50.0
Total Cost 265.6 360.7 4319
Direct Personnel 696 889 1,049
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Technology Transfer

Sandia’s technology transfer program promotes and facilitates the transfer of federally developed
technologies, processes, and special t>chnical know-how to the private sector. The mission of our
technology transfer program is to enhance U.S. economic competitiveness by applying laboratory
strengths to problems of national importance, emphasizing partnerships with industry and uni-
versities. As we pursue this important new mission, we are committed to protecting national secu-
rity interests, providing fairness of opportunity to industry, creating lasting value to the taxpayer,
and adhering to the highest ethical standards to avoid even the appearance of conflicts of interest.

Sandia has a history of transferring technologies developed in weapons and energy programs
to the civilian industrial sector that predates the legislative mandate for technology transter by more
than three decades. Long before technology transfer became a mission assigned to Sandia by the
National Competitiveness Technology Transfer Act of 1989, we learned that teamwork with industry,
both in technology development and transfer, is a smart business practice that enhances our ability
to meet our obligations.

We consider the use of our core competencies to help improve the U.S. economy to be a natural
extension of our defense and energy missions. Effective government/industry/university collaboration
— the mutual exchange of expertise and knowledge — enables the national laboratories to maintain
the core competencies that make them important national assets and allows the private sector to
leverage its research and development resources by taking advantage of the federal defense research
and development investment. Sandia’s major program initiatives (Chapter 5) strongly support
this vision of technology transfer.

Technology transfer at Sandia takes many forms. We are engaged in a variety of technology
transfer activities, including personnel exchanges, patent licensing, use of facilities, cost-shared
contracts, technical assistance, information dissemination, participation in industrial consortia,
and cooperative research and development agreements (CRADAs). However, since 1991 (the
first year that our legislative mandate was codified), the CRADA has become our most successful
technology transfer mechanism. CRADA projects are distributed more or less evenly over five broad
technical areas: advanced manufacturing and precision engineering, computer architecture and
applications, energy and environment, materials and processes for manufacturing, and microelec-
tronics and photonics. Since our first CRADA was signed in June 1991, we have initiated more
than 100 CRADASs with a total value of approximately $400 million.

During this period, our strategy has evolved from maximizing the number of small CRADAs
to seeking large-scale alliances with industry and universities. Throughout 1991, our efforts were
focused on developing technology transfer policies, putting internal operating procedures in
place for preparing and processing CRADAS, and working with the DOE Albuquerque Opera-
tions Office to refine and streamline those procedures. Our strategy at that time was to exercise
and hone the system by initiating many small CRADAs with individual companies. As difficulties
with the new processes were resolved, we began to focus on teamwork with clusters of companies




and larger-scale alliances in which the capabilities of laboratories, industry, and universitics are
joined to pursue broad, industry-driven rescarch agendas.

To help ensure that the broad range of Sandia’s talents and facilities is directed effectively toward
meeting national needs, our new technology transter organizational structure features product-area
engineers (people with technical backgrounds and trained in business). Product-area enginecrs,
together with technical area coordinating teams composed of specialists from industry, laboratories,
and the academic research community, will integrate technology transter considerations into the
planning and conduct of all laboratory research and development.

Our current strategy in technology transfer encompasses three major elements: market-driven
partnerships, national industrial challenges, and a small-business initiative:

Market-Driven Partnerships — Cooperative research and development agreements have
become our most successful mechanism for structuring collaborative work arrangements
between Sandia and partners in the private sector. This mechanism is simpler than conventional
government contracts, protects a company’s confidential information, and permits wide latitude
in the assignment of intellectual property. Under the terms of a CRADA, Sandia may contribute
facilities, property (including intellectual property), and personnel to the cooperative cffort,
Sandia may also pay costs associated with the participation of its personnel or the contribution
of property and facilities but may not provide cash funds to a participant. Sandia’s partners in
the private sector may provide funds to Sandia as well as personnel, services, facilities, equipment,
or other resources needed to advance the proposed work. Implicitina CRADA is the idea that
the participants are equal partners who bring to the interaction complementary, identifiable
capabilities that will lead to a new or improved product.

National Industrial Challenges— While we continue to believe that much good work is
accomplished through joint efforts with individual industrial partners, we believe that large-scale
government/industry/university alliances atford the best opportunity of making a measurable
impact on U.S. economic competitiveness. Such alliances can target major national technology
goals that are market-driven, industry-defined, and precompetitive. Such alliances are most
effective when industry is strongly involved in setting priorities, developing plans, and moving
technologies toward commercial application.

Small-Business Technology Transfer Program— In conjunction with Lawrence Livermore
and Los Alamos national laboratories and Y-12 at Qak Ridge, Sandia has established a Small-
Business Technology Transter Program. This program is a follow-on to our successful National
Small-Business Technology Exchange Program. The mission of the Small-Business Technology
Transfer Program is to make the laboratories’ resources available to small and medium-sized
businesses. We work with small-business development centers, cooperative extension services,
bankers, chambers of commerce, state economic development agencies, and vocational education
teachers to identity technology partners. Included in the program are regional, short-term
technical assistance programs in New Mexico, California, Arizona, Texas, and the Midwest.
Also included are partnerships with industry associations to reach a greater number of small
business clients by addressing common problems and opportunities and matching Sandia
capabilities with the needs of small businesses.

Collaborative Projects with Industry

Our CRADA pracess is very inclusive. Sandia CRADA partners include municipal governments,
universities, industrial consortia, other laboratories, and large and small businesses. Many of our
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CRADA projects involve clusters of companies representing a substantial segment of a specific
industry or involve working with organizations that represent an entire industry.

Weare working with a cluster of companies under a CRADA with MacNeal Schwendler Corp.,
PDA Engineering, Fluid Dynamics International, and Ford Motor Company. This Sandia-led
consortium is conducting precompetitive generic research to develop mesh-generation computer
software. Each industry participant will use the software to develop a commercial product or service
in the area of computer-aided-engineering software or in applications for finite-clement analysis
—a powerful numerical method for determining the physical behavior of an object and useful in
many industrial fields, including structural mechanics, electrical engineering, and fluid mechanics.

Our CRADA with the United States Advanced Battery Consortium exemplifies our agreements
with industrial consortia. The consortium is a partnership of Chrysler, Ford, and General Motors
with the Electric Power Research Institute and some individual electric utilities. [t was formed in
1991 to research and develop rechargeable battery technologies {r electric venicles.

Sandia will conduct applied research and testing to meet the objectives established by the indus-
trial partners of the consortium, which include demonstrating production capability for a battery with
a five-year life that could be produced in the late 1990s and, by 1994, a battery with a ten-year life
that could go into production sometime after 2000. Development of advanced batteries will help auto
manufacturers meet the 1998 deadline set by several states for the introduction of electric vehicles.

Technology Transfer Effort
(Dollars in millions; staffing in FTEs)

FY93 FY94 FY95 FY96 FY97 FY98 Y99

Funding:
ORTA activity 4.6 47 47 4.7 47 47 47
Patent/licensing activity 0.8 08 0.8 0.8 0.8 08 0.8

(RADA funding—federal 80.0 100.0 100.0 100.0 100.0 100.0 100.0
C(RADA funding—industry 1000 1200 1200 1200 1200 1200 1200

Total funding 185.4 225.5 225.5 225.5 225.5 225.5 225.5
Staffing:
ORTA activity 23 25 25 25 25 25 25
Patent/licensing activity 9 12 15 15 15 15 15
CRADA activity 10 12 12 12 12 12 1
Total staffing 47 TR TSR T sy sy

Technology developed under this CRADA will be available to the consortium and its licensees.
The project will enhance the competitive position of the United States in battery and automotive
markets and help assure a viable and competitive domestic battery industry.

Similarly, in an agreement with the Specialty Metals Processing Consortium, we are working
with the small but critically important U.S. specialty metals industry to improve the technology base
for melting processes used in manufacturing specialty metals. Specialty metals, such as high-perfor-
mance steel and titanium or nickel-based alloys, are critical to American economic competitiveness
in areas ranging from microclectronics to airplanes and are vital to national security.

The Specialty Metals Processing Consortium has conducted several major investigations. Most
of the research has taken place within Sandia’s Melting and Solidification Laboratory complex,
which features the only large-scale, fully instrumented research furnace in the country. Results of
the industry-selected research projects are enabling or generic in nature so that each member
company can develop its own proprietary processes and products. Patents resulting from this
work will be made available to consortium members through a royalty-free licensing arrangement.

Fechnology Transfer




Sandia participates in the Alliance for Photonic Technology, a cooperative venture of Los Alanios
National Laboratory, Sandia, the Air Force Phillips Laboratory, and the University of New Mexico
Center for High-Technology Materials. The mission of the alliance is to enhance the competitiveness
of U.S. industry in the critical technology of photonics by accelerating the transfer of federally
funded photonics technology to industry.

A five-year CRADA with SEMATECH is aimed at developing improved semiconductor man-
ufacturing technologies for the next generation of integrated circuits, including equipment that
reduces manufacturing costs while increasing yield. This work should help U.S. semiconductor
equipment manufacturers compete with foreign suppliers. The new CRADA builds ona relationship
established with SEMATECH in 1989 when Sandia’s Semiconductor Equipment Technology
Center was formed. It also extends a 1992 agreement that established the Contamination-Free
Manutfacturing Research Center at Sandia to study ways to reduce trace levels of contamination in
semiconductor manufacturing, a critical problem facing microelectronics manufacturers.

Secretary of Energy Hazel O'Leary signed an enabling document for a $100 million cooperative research and development agreement
between Sandia and SEMATECH in 1993, Looking on are Sandia president Al Narath, Congressman Steve Schiff, SEMATECH chief execu-
tive officer Bill Spencer, New Mexico governor Bruce King, and U.S. senator Jeff Bingaman.,
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Sandia is a participant in the American Textile Partnership (AMTEX), a research and development
collaboration between the Department of Energy, DOE’s multiprogram laboratories, universities,
and the textile industry. The goal is to strengthen the competitiveness of the integrated U.S. textile
industry by pursuing a broad, industry-driven research agenda. AMTEX institutions are the Institute
of Textile Technology, Textile/Clothing Technology Corporation, Textile Research Institute/
Princeton, Cotton Incorporated, and the National Textile Center, a consortium of four leading
textile research universitics.

Patent and Software Licensing

Sandia averages about 30 patent applications per year. However, many invention disclosures filed
by Sandia as a result of its work for DOE have not been patented or licensed for use by industry.

To encourage a higher level of licensing, an action team including researchers, the patents and
legal organization, and the Technology Transfer Center is working to establish a process for
making our intellectual property assets more readily available to industry. The process will include
reviews of invention disclosures to identify good candidates for patenting and licensing. These
candidates will then be broadly advertised, and workshops will be held to select the best qualified
contenders to compete for specific licenses, and ultimately, enter into licensing negotiations.

Sandia has also expanded its licensing program to facilitate the transfer of technologies through
a variety of licensing options. Through commercial licenses (exclusive or nonexclusive, as appropriate)
private companies can obtain the right to manufacture and sell technologies patented by Sandia in
exchange for license fees and royalties.

To promote the effective use of our technologies in as many ways as possible, we try to license a
given technology nonexclusively or exclusively to different users for specific fields of use. Nonexclusive
licenses can sometimes ensure rapid and effective transfer of the technology into commercial or
scientific uses, but we also recognize that a license may at times require various kinds of protectior,
including exclusivity, to protect a firm considering a large investment in a new technology. Our aim
is to remain flexible and take into account the unique circumstances of each technology and licensee.

Licensing Income and Use
(Dollars in thousands)

Projected
FY92 FY93 FY94 FY95 FY%
Licenses:
Number of new licenses 8 35 50 75 75
License income 45 250 500 1,000 1,000
Use of income:
Invention & ORTA administration 12 75 150 300 300
Scientific or applied R&D 13 75 150 300 300
Awards & inventor payments 10 50 100 200 200
Education or training 10 50 100 200 200
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Dr. Ries Robinson, a
Sandia postdoctoral
fellow and University of
New Mexico School of
Medicine resident,
demonstrates a labora-
tory prototype sensor
developed by Sandia
and UNM to monitor
serum glucose. The
technology may make
it possible for people
with diabetes to accu-
rately monitor biood
sugar levels and trends
without drawing blood
samples. Sandia has
transferred the rights to
develop a commercial
product based on this
technology to UNM,
which will select a com-
pany fc r product devel-
opment.

Technology Transfer Achievements

¢ Researchers at Sandia and the University of New Mexico School of Medicine have patented
asensor that measures blood glucose without drawing a blood sample. By providing
anaccurate, painless method for measuring serum glucose, the technology could greatly
improve the quality of life for people with diabetes and reduce the incidence of complications
from the disease. Indeed, a recent study by the National Institute of Diabetes and Digestive
and Kidney Discases showed that a program of controlling blood sugar to near normal levels
through frequent monitoring can dramatically reduce the risk of developing eye disease and
kidney disease and incurring nerve damage.
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The sensor employs infrared spectroscopy and statistical techniques for processing spectral
data. Near-infrared light is used, which has a slightly longer wavelength than visible light and
can penetrate skin. When the light is transmitted through a finger inserted in the monitor, a
portion of the light at each of various wavelengths is absorbed by the components in the tissue
and blood, including glucose. After passing through the finger, the light is dispersed into a
spectrum and the spectral data are analyzed for glucose-specific absorptions to determine
glucose concentrations.

In the 1970s, Sandia developed and transterred to industry a miniaturized implantable
insulin pump. The pump was tested in about 700 patients worldwide. If the glucose sensor
—which may permit continuous monitoring, not just point-in-time measurements — were
combined with an insulin pump, an artificial pancreas could possibly be developed.

¢ Sandia and Hewlett-Packard have developed improved process monitoring, active control,
and feedback systems for the fabrication of advanced optoelectronic devices. Improved
epitaxial materials and processes yield higher reliability compound semiconductors, transistors,
and optoelectronic devices for commercial and defense applications. This laboratory/industry
partnership helps maintain state-of-the-art device fabrication capabilities in a period of
reduced weapon manufacturing. Through this partnership, the critical device prototyping
capabilities of Sandia are maintained and enhanced.

e Sandia and SCB Inc., a small New Mexico business, have developed a very sate and economical
semiconductor bridge initiator for civilian and military explosives applications. These
devices have enhanced electrostatic discharge and no-fire safety and operate at much lower
energies than is possible with contemporary hot-wire technology. The device will eliminate
the need for weapon components made with known or suspected carcinogenic compounds.
It could also be incorporated in automobile airbags for application in multi-bag systems with
stringent safety requirements that cannot be satisfied with currently available technology.

e LSI Logic, one of DOE’s largest suppliers of integrated circuits and a leading supplier to the
commercial electronics market, is using an induced voltage alteration technique developed
at Sandia to locate failure sites in defective integrated circuits as they are fabricated. This
technique is capable of locating failures in an hour or less, a considerable improvement over the
two weeks normally required when using an electron microscope. Asa result, LS1 has improved
the efficiency of its fabrication and has eliminated a six-month backlog in its failure analysis.

Inarelated effort, Signetics and Sandia jointly developed an advanced wafer level reliability
microelectronics and therefore a need to identity, characterize, and control the same failure
mechanisms. Improvements such as these helped the U.S. microelectronics industry surpass
foreign competition for the first time in a decade.

¢ Sandia and BIOSYM Technologies, Inc. worked together to develop computer software that
helps design polymer alloys. Polymer alloys are leading candidates to meet the evolving
need for high-strength, lightweight, inexpensive, environmentally acceptable materials. This
new software, called PRISM, has been licensed by BIOSYM to a recently formed consortium
of polymer manufacturers. The molecular modeling capabilities resulting from this project
should be of great utility to the U.S. polymer industry since polymer alloying is less expensive
and more versatile than synthesizing and developing entirely new polymers. The information
gained from this program will aid the development of high-performance polymer blends and
copolymers for various weapon applications. New materials that could result include high-
strength encapsulants for packaging electronic subsystems in nuclear weapons, lightweight
structural supports for nuclear weapons, and new optical materials for nuclear safety.
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o Sandia and Martek Lasers, Inc., developed a high-powered continuous-wave laser welding
system. The company was recently purchased by Hobart Brothers Company, one of the top
U.S. manufacturers of welding equipment. This state-of-the-art system helps the U.S. retain
its position in the high-technology laser welding market. These laser welding systems are now
fully commercialized and used by organizations that include the U.S. Navy and the major
automobile manufacturers. Weapon systems use a diverse range of materials in challenging
geometries, and precision welding and joining are critical processes. Improved laser welding
technology helps the weapons program fulfill these demanding requirements,

Sandia and SEMATECH have been working together since 1989 on several programs to
enhance the performance of precision microelectronics fabrication equipment, improve
and assure the quality of microelectronics components, and explore advanced chemical
processes for producing co nplex integrated circuits in an environmentally responsible way.
A reliability training program, derived from quality assurance techniques developed for nuclear
weapons, has been developed for the SEMATECH member companies. Sandia has also modi-
fied weapon design and analysis technologies to improve integrated circuit fabrication processes.

Through this partnership, DOE Defense Programs and the microelectronics industry both
obtain improved microelectronic fabrication processes. The partnership has proved so success-
ful that SEMATECH and Sandia have announced another five-year, $100 million partnership
to jointly develop equipment to produce the next generation of computer chips.

® Sandia is working with J. W. Harley, a small business in Ohio, to commercialize a fiber optic
hydrogen sensor, originally developed at Sandia, to monitor nuclear facilities. The sensor
provides a warning when hydrogen gas builds up inside electrical transformers. Use of the
sensor in large power transformers can prevent explosions. Transformer explosions can
result in millions of dollars in financial loss and even loss of life. This hydrogen sensor has
global commercial market potential. DOE Defense Programs will have a reliable, affordable
commercial source for sensors to improve worker safety in nuclear facilities. Similar sensors
hold promise for other applications, such as monitoring the cleanup of weapons facilities.

Laboratory Centers and User Facilities

The following laboratory centers and facilities are focal poinis for coordinating research and
development of applied technologies. Two of them, the Combustion Research Facility and the
National Solar Thermal Test Facility, are designated DOT user facilities that have been important
vehicles for collaboration with the private sector for many years.

All these centers and facilities are vital mechanisms for technology transfer and are available to
industrial partners to ensure that U.S. industry gets maximum benefit from technologies and
capabilities developed at Sandia. The research and technology development activities conducted
in these facilitics satisty a broad spectrum of dual-use needs for government and industry.

Aging Aircraft Nondestructive Inspection and Validation Center— The mission of this
center is to encourage the development of nondestructive inspection techniques applicable te.
aircraft structural inspection, to validate this technology through assessing its reliability and
cost-effectiveness, and to interface the inspection portion of the Federal Aviation Agency’s
National Aging Aircratt Program to the civil aviation industry.

The center occupies 27,000 square feet of hanger space at Albuquerque International Airport
and includes 125,000 square feet of pad space. It is supported by a staff of 11 people and operates
on abudget of approximately $3 million per year from the Federal Aviation Agency.
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Center for Contamination-Free Manufacturing— This center was formalized by a coopera-
tive research and development agreement between SEMATECH and Sandia in 1992, The center
exploits the unique layout of Sandia’s Microelectronics Development Laboratory to conduct
experiments to verify advanced semiconductor manutacturing concepts and equipment which
can reduce contamination that limits the yield of integrated-circuit manufacturing processes.

Center for Liquid-Metal Processing Technology— This center uses industrial-scale processing
equipment under research or development to improve liquid-metal processing techniques
and associated control methodologies. Current industrial collaborations include work on
vacuum arc remelting, electroslag remelting, electron beam melting, investment casting, and
thermal spray processing (plasma spray, flame spray, wire arc spray). Interdisciplinary research
is in progress to define process physics, advance equipment technology, provide industrial
process monitoring capabilities, develop robust multi-variant control methodologies, and
establish agile manufacturing capabilities, including rapid prototyping.

The center occupies more than 12,000 square feet of space and is supported by a staff of
approximat. v 15 people, notincluding several University of New Mexico students. This facility
will be a key element in the formation of two industrial consortia, one in investment casting
and another in refractory metals.

Center for Microelectronics Technologies — The capabilitics oftered by this center are
accessed by industry through a five-year, $100 million cooperative research and development
agreement with SEMATECLH, as well as through CRADAs with individual companies. Center
activities in support of the U.S. semiconductor industry include the Semiconductor Equipment
Technology Center (SETEC) and the Contamination-Free Manufacturing (CFM) Research
Center. The Center for Microelectronics Technologies conducts projection x-ray lithography
and projection electron-beam lithography programs jointly with industrial partners to
develop the next generations of processes and processing equipment. The center is the site for
developing environmentally conscious procedures for semiconductor manufacturing,

Center for Solder Science and Technology— This center addresses a mixture of old and new
soldering problems that hinder the rapid evolution of micro.2lectronic technologies. Environmen-
tally compatible replacements in ozone-depleting chemicals are being developed in anticipation
of new EPA regulations.

The center is also developing a variety of fluxless soldering techniques that can eliminate sol-
vents and hazardous wastes generated during electronic soldering, Itis currently developing
lead-free solders and solder pastes as alternatives to lead-containing solders used throughout
the electronics industry.

‘The center operates on an annual budget of $1.7 million and is supported by a 20-person staff.
We expect that the center will continue to concentrate on environmental problems caused by
soldering and investigate technologies required for future printed wiring boards, muldi-chip
modules, and hybrid microcircuits.

Combustion Research Facility— The Combustion Research Facility, opened in 1980 at Sandia’s
California site, provides an excellent example of the Laboratories’ commitment to partnerships
with industry and universities. The facility is a designated DOE user facility chartered to conducta
broad range of fundamental and applied research and development in combustion science and
technology. Research is conducted in collaboration with visiting scientists and enginceers from
industry, academia, and federal laboratories. Advanced experimental techniques, emphasizing
laser-based diagnostics and advanced computational models, are used in the combustion science
and technology programs. Novel sensors and computational models from the programs are in
active use in major U.S. industries.
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This 50,000-square-toot
user facility is supported by a
staff ofapproximately 70
people. The Combustion
Rescarch Facility operates ona
budget of approximately $20
million per year with principle
support coming from the DOE
oftices of Energy Rescarch and
Energy Efficiency and Renew-
able Encrgy.

Compound Semiconductor
Research Laboratory— This
facility encompasses the full
range ofactivities required to
develop the next generation of
compound semiconductor
electronic and optoelectronic
devices. Facilities include exten-
sive molecular beam epitaxy

The Combustion Research Facility at Sandia/California is a designated DOE user facility attracting and “‘C“""’FS"““C chemical
researchers from industry and universities around the world. vapor deposition crystal growth

capabilities, ion implantation,
and e-beam lithography in a 6,000-square-foot, Class-100 clean room with state-of-the-art
processing equipment.

Environmentally Conscious Process Center — T'his center addresses the development of
cost-effective processes for reducing wastes and improving energy utilization efficiency in
manufacturing processes. It promotes the idea that designers, process engineers, and materi-
als engineers must be included in a cradle-to-grave, totally integrated systems approach to all
phases of advanced manufacturing,

Centeractivity is focused on life cycle analysis; solvent and chemical substitutes; soldering
(including lead-free solders); cleaning technologies; clectroplating and surface finishing; sensors
for environmental monitoring, reliability and cost/benefit/risk analysis; alternative polymers and
foams; vendor compliance; small-business outreach; and dismantlement, recycling, and reuse.
Industrial sectors of particular interest include automotive, electronics, chemical, and textiles,

The center’s future is directed te vard three key arcas: (1) ereating a user facility to demonstrate
improved life-cycle environmental designs; (2) prototyping a demonstration facility for the inte-
grated design and production of “green” printed wiring boards; and (3) developing an education,
training, and industry outreach program for environmentally conscious manufacturing processes,

Integrated Manufacturing Technologies Laboratories— I'his collection of laboratorics
comprises an interdisciplinary mix of cquipment and personnel focused on the development
and integration of technologies for advanced manufacturing. Created in 1992 at Sandia/California,
the facility will be fully functional in 1994. Activities include materials and process rescarch and
development, process simulation, engineering design, and manufacturing technology support.
Within the 90,600-square-foot faclity, significant space is dedicated to prototype fabrication
rescarch and a demonstration arca for agile manufacturing, Activities of these laboratories are
supported by a statfof 80 people and an annual budget of approximately $7 million.
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During the start-up phase, the focus has been on projection x-ray lithograpiy, welding,
precision machining, metrology, and compaosites tabrication. These activities will be suppaorted
by high-speed, tiber optic communications and on-line monitoring and control systems.
Flagship programs include SMARTWELD, an integration of modeling, simulation, and sensors
with actual welding processes to allow tabrication of critical components without extensive
development time and costs; and soft x-ray projection lithography (§XPL), where a faboratory-
based machine will be scaled-up to demonstrate integrated cireuit fabrication at sub-micron
line widths.

Intelligent Systems and Robotics Center— T'his facility is a fully integrated research-to-devel-
opment-to-application center that rrovides technologies for intelligent and agile manufacturing,
Specificareas include design for manufacturing and assembly, work environment design, systems
enginecring and integration, process modeling and simulation, precision machining, joining,
assembly, automated inspection, integration trameworks, software engineering, artificial
intelligence, expert systems, robotics, machine/cell/process control, and sensors/sensor
fusion. The center is the focal point for Sandia’s work in information-driven manufacturing
and has more than 40 laboratories available for collaborative re carch and development.

The center occupies more than 27,000 square feet of space and is operated by a staff of 100
employees. The robotics center operates ona budget ofapproximately $31 million per year
with primary support coming from Detense Programs and the Oftice of Environmental
Restoration and Waste Management.

Microelectronics Development Laboratory— I'he 74,000-square-foot Microclectronics
Development Laboratory (MDL) includes 30,000 square feet of clean-room space with

12,500 square feet of Class 1 clean space in 22 separate clean rooms. The laboratory's design
provides maximum flexibility for new processing equipment and device technologies and is
uniquely configurable to support the joint Center tor Contamination-Free Manufacturing,. A
major donation of equipment and technology by IBM provided a state-of-the-art, sub-microrie-
ter, silicon integrated-circuit research and development line. The laboratory's complete
equipment set supports the total semiconductor development eycle, including rescarch, design,
fabrication, test, prototype delivery, qualification, and technology transter.

Four bays of the MDL are planned to be dedicated to activities of the Multi-Chip Module
Foundry Consortium and will be used as an equipment applications faboratory. This unit will
be an industry-shared site with all next-generation manufacturing equipment and will ofter
manufacturers, material suppliers, and equipment vendors an efficient way to perfect equipment,
materials, and processes.

National Center for Advanced Information Components Manufacturing— Beginning in
1993, the Advanced Research Projects Agency is sponsoring the National Center for Advanced
Information Components Manufacturing at Sandia to provide a resource for integrating federal
and commercial research and development of advanced information components. This integra-
tion will provide the capability for the United States to greatly compress the time to translate
research and development into commercial and detense products. Los Alamos and Lawrence
Livermore national laboratories will also support the center, along with representatives from
industrics and universities.

The center willallow industry and government researchers to exploit a range of competencies
in microelectronics and photonics, electronics systems packaging, materials science and processes,
printed-circuit fabrication, and other product development tools.

Research will concentrate on agile manufacturing technologies associated with advanced
siticon integrated circuits, high-speed optoelectronic communications, and clectronic systems
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and subsystems. Research in large, Hat-panel displays will benefit from the consolidation of
supporting technologies at a single site. Manufacturing rescarch will focus on developing agile
manutacturing processes for flat-panel products for both defense and industry.

National Center for Advanced Manutfacturing Technology — This center was established at
Sandiain 1991 to maximize the value of the Laboratories’ technology base to the manufacturing
needs of both the DOE nuclear weapons complex and industry. The center will help transter
and apply advanced manufacturing technologies developed in Sandia's defense programs to
commercial manutacturing, thus helping to strengthen US. industry’s competitiveness. The
center sery os as a gateway by which private industry, acade: via, and government agencies can
gain access to the technical capabilities provided at Sandia.

Because the term “manufacturing™ is very broad, the National Center for Advanced Man-
ufacturing Technology is an “umbrella”™ center to several of the supporting centers and user
facilities described in this section. The center's activities are coordinated by a seven-person
staft, and it operates on an annual budget of approximately $1.5 million.

National Center for Ultra-Reliability Engineering (NCURE) — 'T'his center seeksa LS.
comy titive advantage in high-value products snd systems through leadership in the technology
that makes it possible to achieve high quality. Activities include research and development on
how devices fail, advanced approaches to reliab lity assurance, and multidisciplinary test and
evaluation capabilities. The center will support i reliability “SWAT team.” A particular e;mphasis
of NCURE is assuring high reliability in smali-lotagile manufacturing. The NCURE program
has a dedicated statf of three people with approximately 100 people working on various aspects
of reliability technology.

National Solar Thermal Test Facility— This facility was constructed in 1977 as a designated
DOE user facility. [tis used by industry and government for tests requiring intense heat and tor
collecting light with large-scale optics. Specific high-thermal flux applications include investigating
the thermophysical properties of materials and testing various solar applications. Large-scale
optics can be used for astronomical observations and atmospheric sounding with lidar. Testing
is done in support ot several joint venture agreements involving DOE, Sandia, and industry,
as well as reimbursable programs tor customers such as the U.S. Navy, Air Foree, and Defense
Nuclear Agency.

Testareas include a field 0 222 computer-controlled heliostats that reflect concentrated
solar energy onto a tower 61 meters (200-feet) high, two 10.8-meter (36-foot) diameter parabolic
dishes, two solar furnaces, and a series of line-focus parabolic troughs that track the sunin one
axis to concentrate solar power inaline.

A staff of 14 Sandians and 13 contractors supports the operations of the National Solar
Thermal Test Facility. A unique feature of the facility is that it is open to the general public for
tours. A few thousand people visit cach year, including school groups, groups from technical
conferences, and individuals.

Process Development Laboratory — This laboratory is a center for advanced prototype
manufacturing housed in a 100,000-square toot facility at Sandia/New Mexico featuring
hybrid microcircuits, thin films, printed circuie, ceramics, plastics, and rapid prototvping
capabilities. The laboratory coordinates its activities with the Integrated Manufacturing Tech-
nologies Laboratory at Sandia’s California site. The charter of the laboratory is to focus on
reliability and quality of manufacturing processes through understanding and quatification of
manufacturing processes. This facility also acts as a proving ground for custom sensors for
manufacturing processes.
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Semiconductor Equipment Technology Center (SETEC)— SI'TEC was established in mid-
1989 to support SEMATECH inimproving the competitive position of the U.S, semiconductor
industry. The program has three goals: (1) improving equipment reliability, (2) developing
diagnostic techniques for monitoring processes and adapting these techniques to improved
process control, and (3) developing models for describing and optimizing manufacturing
equipment design and processes. SETEC operations are supported by a staff of approximately
35 people and a cooperative rescarch and development agreement with SEMATECEH,

SETEC is yielding significant improvements in a number of areas critical to ensuring that
the ULS. microelectronics industry will have the reliable, high-quality equipment it needs to remain
competitive in global markets. The center’s operations are expected to expand into other arcas
including semiconductor equipment design, semiconductor equipment characterization and
improvement, and semiconductor manufacturing control and diagnostic sensor technologies.

technology Transfer
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Three quarters of Sandia’s operating budget is for programs for DOE. The remainder is reimbursable

Research and Technology
Development Programs

funding provided by other federal agencies (principally DoD) for work in national security and
ather national-need programs. Operating funds by major customer are shown in the table.

Program Funds by Major Customer
{Operating BAin $ million)

Program Title FY92
Department Of Energy
Weapons and Waste Cleanup Programs
Assistant Secretary for Defense Programs 651.8
Office of Intelligence and Nationai Security 66.5
Office of Environmental Restoration and Waste Management ~ 87.9
Office of New Production Reactors 71
Total, Weapons and Waste Cleanup Programs 8133
Energy Programs
Assistant Secretary for Energy Efficiency and Renewable Energy  49.2
Office of Civilian Radioactive Waste Management 16.6
Assistant Secretary for Fossil Energy 9.7
Assistant Secretary for Nuclear Energy 58
Total, Energy Programs 813
Science and Technology Programs
Office of Energy Research 288
Office of Science Education and Technical Information 1.0
Total, Science and Technology Programs 298
Other DOE Locations, Contractors, and Offices 336
Total DOE 958.0
Other than DOE 3521
Total 1,310.1

FY93

5910
798
126.6

7974

46.0
15.6
88
20
724

287
30
37
313
9328
3782

1,311.0

FY94

6174
100.1
138.3

855.8

57.9
252
121
6.4
101.6

275
21
296
40.1
1,027.1
3475

1,374.6

FY95

616.1
94.5
1444

855.0

60.9
25.4
85
7.3
1021

332
20
35.2
$.8
1,034
356.8
1,390.9

Note: Dollars used in the funding summary tabies for Defense Programs and other assistant secretarial offices in

this chapter are not adjusted to compensate for anticipated inflation,
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Programs for the Department of Energy

Weapons and Waste Cleanup Programs

Although great changes have swept the world in the past few years and significantly reduced the
threat of nuclear conflict, nuclear deterrence is still a vital cornerstone of U.S. defense strategy and
will remain so for as long as technologies of mass destruction pose any threat to our nation. The
urgency of the cold war has passed; however, Sandia’s atomic energy defense programs still face a
full range of challenging responsibilities.

Our nation must remain consistently able to face an uncertain and possibly hostile world with
the confidence that can only come from a sate and highly reliable nuclear deterrent, a nuclear deter-
rent that is under the assured control of appropriate national authorities,

Those weapons that are being retired from the active stockpile in response to the end of the
cold war must be dismantled in a safe, secure, and efticient manner and in a manner thatis fully
sensitive to public concerns with regard to risk, security, and environmental protection.

In turther response to the end of the cold war, to the fiscal realities now confronting the
nation, and to the need to place greater emphasis on environmental safety and health, the nuclear
weapons production complex must be streamlined, modernized, and reduced in both size and
cost of operation. This effort must be accomplished without the loss of either the capacity to design
and build replacements for current weapon components as those components reach the ends of
their useful service lives, or the capability to resume the design and production of new weapons in
response to currently unforeseen world events or technological advances.

In response to increasing and often legitimate public concerns with regard to environmental
safety and health, many sites within the nuclear weapons complex are in need of environmental
restoration, and many operations within the complex must be improved from the standpoint of
waste management and minimization.

Possible proliferation activities, anywhere in the world, must be reliably detected, accurately
characterized, and constantly monitored, regardless of the strategies, tactics, or technologies
employed to conceal them. The means to accomplish this task must be further developed, refined,
consistently updated, and fully implemented. Successtully monitoring and controlling nuclear
proliferation will be a vital element of keeping the peace in the new multipolar world.

With the exception of environmental restoration and nuclear waste management, all of these
challenges fall within the direct responsibility of Sandia’s Defense Programs sector. Rather than
diminishing with the end of the cold war, the challenges facing the Defense Programs sector have
actually grown. In recognition of the continuing threat posed by the existence and spread of military
technologies, the sector must and will continue to ensure the safety and credibility of the nuclear
deterrent. However, in recognition of an increasingly competitive global economy, the sector is
also responding to a much broader range of potential challenges to our national interests, security,
and vitality. Thus, we will continue to meet critical responsibilities in the areas of nuclear deterrence,
arms control and nonproliteration, and associated intelligence, while placing an increasing emphasis
upon the further development and maintenance of our national strategic industrial base and the
economic vitality of the nation.

Sandia’s Defense Programs sector is addressing these responsibilities with a balanced approach
from two directions. From one direction, the programmatic arcas that are of greatest current
importance are being highlighted, and appropriate thrusts have been established and are being
maintained in each of these areas. These are the “strategic programmatic thrusts” of the sector,
strategic thrusts that reflect vital, but changing, program priorities that evolve through time.
Thereare currently five such programmatic thrusts:
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1. Nonproliferation and Intelligence— This thrust has two broad but related aspects.
Firstare those activities specifically related to monitoring and supporting arms control
agreements and treaties with the former Soviet Union. These activities cover a wide range,
including preparations for potential agreement provisions concerning inspection of the
stockpiles and facilities within the weapons compleses. Second are the activities focused
toward monitoring and preventing the further spread of nuclear weapon technologics. As
the collapse of the bipolar cold war balance gives way to a far more dynamic multipolar
world scene, these eritical nonproliferation responsibilities are becoming very important,

2. Reconfiguration and Conversion— T'he end of the cold war, environmental and budget
concerns, and the advanced age of many nuclear production facilitics combine to drive the
reconfiguration of the nuclear weapons complex into asmaller, more efticient, more modern,
and more environmentally appropriate form. The success of these efforts will greatly depend
on the development and introduction of new and appropriate production and waste man-
agement technologies, on new and more modern approaches to the integration of design
and manufacturing, and on the development of appropriate alternatives for those materials
and processes that must be discontinued and those sites that must be reassigned to other
functions. In the future, Sandia will emphasize commercial procurement of most parts,
small-lot manufacturing of essential parts, and standardization. Sandia generally, and its
Defense Programs sector specifically, have critical responsibilities in all of these areas.

3. Strategic Surety— Surety, defined as safety, security, and use control, is an increasingly
critical area involving issues raised by the Drell Panel, concerns related to transportation
and handling, logistics associated with retirement and dismantlement, the surety requirements
ota smaller and more flexible stockpile, and increased public sensitivity to environmental
satety and health issues. The goal of this thrust is to embed, in all of the Laboratories” efforts
and products, the principle that the surety of any product or operation, regardless of its
expected service life, is too eritical to be allowed to degrade and must be constantly updated
and modernized.

4. Essential Competence and Capabilities— T'his thrust includes subsets of the physical
and intellectual capabilities essential for the long-term viability of Sandia’s DOE defense
programs and initiatives that are not supported by other strategic thrusts or sectors. Each
clement underlies and supports multiple Defense Programs thrusts and often, multiple
programs and initiatives of other Sandia program sectors.

Research and development activities include critical supporting sciences and crosscutting
exploratory technology assessments and developments. Exceptional science and technology
toundations are necessary to respond quickly to problems, to facilitate the movement of
the Laboratories in new directions, to respond to technology advances, and to stimulate
outside interactions. Key facilities and capabilities may be underutilized and yet be essential
for meeting the long-term requirements of DOE defense programs and initiatives. Important
clements of the program include supporting capabilities (shops, engineering, drafting,
simulation and modeling, computing), specific developmental testing facilities, underground
test capabilities, aboveground test facilities for radiation-effects assessments, and physical
and chemical sciences capabilities.

5. Stewardship of the Enduring Stockpile — Credible nuclear deterrence remains a funda-
mental element of US. national security policy. This deterrence is and will continue to be
based upon an enduring nuclear stockpile and the stewardship of that stockpile, which has
been a fundamental Sandia mission tor over torty years. The foundation of these stewardship

Research and Technology Development Programs

7-3



7-4

responsibilities is the monitoring of the stockpile to ensure that the eredibility of the deterrent
remains high. In addition, increasing public awareness and expectations in the arcas of
safety and the environment are placing greater demands on the stockpile stewardship
process, particularly with regard to weapon retirement and dismantlement,

Sandia’s Defense Programs sector has fundamental responsibilitics in all phases of this
process. Itis addressing current dismantlement challenges through an increased emphasis on
the systematic integration of the retirement and dismantlement process, on a “cradle-to-
grave” approach to the entire life span of the weapon, and on the beneficial implementation
of new technologies, including the use of robotics to reduce both waste and human exposure,
Inotherareas, budget concerns and troop strength reductions, coupled with changes in
priorities at the end of the cold war, will make many of their stockpile maintenance
responsibilities increasingly burdensome for the military services. The Defense Programs
sector’s critical responsibilities in these areas demand that it be prepared to monitor these
trends and assist the military services whenever necessary. This assistance could range
from greater participation in the process of limited life component exchange to studies to
assess operational feasibility or technological threats.

The sector is also approaching its responsibilitics from a second direction: In addition to rec-
ognizing vital programmatic arcas and establishing appropriate programmatic thrusts, the sector
has established some broad and enduring performance criteria against which plans and strategies
can be judged and, it necessary, modified or reinforced. These are the Strategic Investment Criteria
for the Detense Programs sector. They reflect the fundamental principles of the sector and its
long-term commitment to remaining a relevant and contributing entity. Five criteria are currently
being applied to virtually all projects undertaken by the sector.

1.

Customer Obligations — Sandia is a customer-tocused organization. Each of its sectors’
eftortsand activities are routinely scrutinized and monitored with regard to robust agreement
with customer requirements.

Dual-Use— The sector recognizes the need to respond to a broader range of challenges to
our national interests. Thus, we are committed to a balanced program that is heavily focused
upon the exploration and development of dual-use technologies that can benefit both
domestic industry and the nuclear weapons program. This approach emphasizes meeting
the sector’s needs in the areas of manufacturing, high-performance computing, electronics,
nonproliferation, risk assessments, safety, and security. At the same time, the sector will
place a high priority on technology transfer for the further development and maintenance
ofour national strategic industrial base and the economic competitivencess of the nation,

Strategic Partnerships—The responsibilities carried by the Defense Programs sector
with respect to maintaining the credibility of the nuclear deterrent represent the original
mission of the DOE Defense Programs laboratories. These laboratories have evolved from
special-purpose sites dedicated to a single program to multiprogram institutions addressing
awide range of national interests. The impacts and effects of the increasingly competitive
international environment are actually strengthening and accelerating this trend. Teamwork,
both internal and between Sandia and other national faboratories, universities, national
rescarch institutions, and the industrial sector is essential for bringing the full potential of
our capabilities to bear on conyplex national issues.

Nurturing Technical Strengths— In all of the sector’s etforts, it maintains essential elements
of national vigilance against the possibility of technological surprise. In this context, the
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sector is obligated to continuously monitor, explore, and exercise the most modern and
advanced clements of technologies that are likely to have an impact on the interests and
security of the nation. The sector has a further responsibility to exert technological leader-
ship to ensure that the resources of the Laboratories are constantly challenged to grow and
develop, and that the full potential of their benefit to the nation is realized.

5. Strategic Reconfiguration— To remain relevant national assets, the sector and the Lab-
oratories are continuously monitoring, reassessing, and realigning their organizational goals,
strategies, and structures, constantly adjusting their responses to dynamically changing
customer requirements. In this way, the sector strives to ersure that its activities consistently
reinforce the strategic directions that have been established for the Laboratories and the nation.

Assistant Secretary for
Defense Programs

The Assistant Secretary for Defense Programs
is the cognizant secretarial officer for Sandia
National Laboratories. The Weapons Activ-
ities program for the Deputy Assistant Sec-
retary for Military Application employs half
of Sandia’s direct personnel and comprises
Research and Development, Testing, Inertial
Confinement Fusion, Stockpile Support,
Reconfiguration, Emergency Response, and
Special Projects including cooperative mea-
sures with the former Soviet Union and for-
eign technology assessments, Furthermore,
the technology base developed and preserved
by the Deputy Assistant Secretary for Military
Application is the wellspring of the Defense
Programs Technology Transfer Initiative.
And although arms control and nonprolif-
eration and defense waste cleanup activities
are no longer a direct responsibility of the
Deputy Assistant Secretary for Military
Application, the techinology base developed
and preserved by the Deputy Assistant Sec-
retary for Military Application is essential in
the execution of those programs.

One mission of Defense Programs that
is of increasing importance is to assist the
preservation of our national strategic indus-
trial base and promote national economic
growth through partnerships with domestic
companies and technology transfer of appro-

priate dual-use technology to the private Test firing of a Trident il D5 missile. Sandia played a major role in the design and
sector. While this objective is the sole mission  systems integration of the W88 warhead for Trident i. After the terms of START (I
of the Technology Transfer Initiative are implemented, Trident Il will remain as the centerpiece of the nation's strategic

(GB0106), it also weaves through and forms  nuclear deterrent.

i
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the fabric of every Defense Programs project at Sandia. Starting in FY 1994, we are putting into cffect
areview process to evaluate every project, new or ongoing, to determine its potential for dual-use
application. Faced with a decline in the direct funding that has historically supported the technology
base for weapon activities, we expect our technology transfer efforts and our other industrial part-
nerships to help preserve and grow those core capabilities of the Laboratories that are necessary to
carry out our Defense Programs responsibilities.

We expect our manpower level of eftort in Defense Programs in FY 1994 and cach year thereafter
through 1999 to be close to its present size; but the program mix among the various categories is
expected to change significantly. Additional staft will be required for both stockpile support and
reconfiguration activities to accommodate an expanded role in manufacturing, dismantlement,
and stockpile maintenance.

Summary of Programs for Assistant Secretary for Defense Programs
(Operating BA in $ million)

B&R Code Program Title £Y92 £Y93 FY94 EY95
GB Weapon Activities 651.0 589.6 616.8 615.6
GE Materials Production— Reactor Operations 08 14 06 05

Total 651.8 591.0 617.4 616.1
Percent of total operating funds 50% 45% 45% 44%

Research and Advanced Technology (GB010301)

Activities supported by this budget and reporting category provide the science and technology
infrastructure, including technical expertise and facilities, needed to support multiple Defense
Programs missions, programs, and initiatives. It emphasizes those research and technology devel -
opment activities necessary to maintain and improve our understandine Hf the science of complex
nuclear weapon systems and to advance the technologies that enable their design, engineering,
production, certification, and, eventually, their dismantlement and the disposal of associated haz.-
ardous materials. It also sustains the core capabilities needed to support all atomic energy defense
activities, including those falling outside the direct responsibility of the Deputy Assistant Secretary
for Military Application, such as arms control, nonproliferation, and environmental restoration
and waste management. A Munitions Technology Development Program jointly funded by DOE
and DoD) under a 1985 Memorandum of Understanding pursues innovative weapon technologies
ofinterest to both agencies ( see page 7-95).

An additional mission of increasing importance is to facilitate technology transfer to the private
sector and otherwise assist U.S. industry with precompetitive development of commercially
promising technologies.

From a budgetary standpoint, Research and Advanced Technology and the Research and
Technology Development Division, Defense Programs-242, essentially coincide. To effectively
address their broad responsibilities, the division subdivides the activities into nine specific technology
areas or program elements. The desired levels of capability in these program elements are monitored
against the needs and objectives of the research and development activities that utilize and exercise
them. Efforts to directly augment or enrich program clements are made only when programmatic
activities within ongoing Defense Programs initiatives are temporarily unable to fully sustain necessary
capabilities. In the following paragraphs, we summarize our efforts in the cight program clements
in which Sandia has significant activity:
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Conceptual Design and Assessments

Conceptual design and assessment, along with physics, computation, and modeling, form the core
of the science of complex nuclear weapons systems and associated subsystems. The work in this
program element generates and evaluates new weapon and weapon component concepts. These
exploratory concepts are generallv not predicated in the current requirements of the Stockpile
Stewardship initiative. Rather, conceptual design and assessment typically consists of ground-
breaking projects where new weapon and weapon component concepts are developed until they
reach sufficient maturity to be properly integrated into one of the Defense Programs initiatives or
into one of the other, more structured, program elements. Thus, concepts that prove promising
for weapons applications, whether for improved capability, reduced life cycle cost, or satety
advantages, are born in conceptual design and assessment but are pursued within this program
element only through proof-of-concept demonstration. They are then transferred for further
development to another program clement (often to Systems Engineering Science and Technology)
orto one of the prog. aims within the Stockpile Stewardship initiative.

The goal of conceptual design and assessment is to explore ideas that have the potential to
support multiple detense missions, programs, or initiatives and, if successtul, lead to advances in
pertormance, capability, utility, surety, or to reductions in life cycle costs. Examples of the work
currently supported by this program include methods to enhance electrical nuclear detonation
safety and innovative concepts that potentially offer greatly enhanced nuclear safety.

Although hardware development is not typically a major part of this activity, experimentation
to demonstrate concept feasibility is frequently required. The work s often computationally
intensive. Currentareas of emphasis include enhanced surety, alternatives to hazardous materials,
new weapon capabilities, and prevention of technological surprise. Because this program element
looks beyond proven concepts and traditional methods, these capabilities are of eritical importance
to the Office of Intelligence and National Security with regard to assessment of possible nuclear
weapon proliferation activities in foreign countries.

Physics
This program clement forms a second part of the core science of complex nuclear weapons systems
and associated subsystems. Physics maintains and expands our knowledge of the scientific principles
that govern the performance of nuclear weapon components. The laws of physics govern virtually
every phase of weapon design, enerineering, testing, and certification, and the understanding sustained
by the work within this program element touches every aspect of maintaining a credible deterrent.
Physics provides much of the basis for the Test Ban Readiness and Stockpile Stewardship ini-
tiatives as well as the capability tor predicting the effects of nuclear explosives on military targets
and the vulnerability of nuclear weapons to nearby nuclear explosions. Physics principles not only
underpin the design and testing of nuclear weapon systems, they also underlie many of the unique
manufacturing processes for weapon compaonents as well as the design of facilities used to test these
components. These principles also govern the design of complex experiments to test weapon compo-
nents, validate our understanding of how these systems function, benchmark the computer codes used
to design component subsystems, and assess the safety of weapon components in accident scenarios,
There are eight key capabilities within this program element that form the basis of much of our
weapons activities, These capabilities sustain and support virtually every defense mission within DOJ,
These capabilities are discussed below along with some examples of their applications in rescarch,
development, and testing activities:

¢ Hydrodynamics focuses on understanding the detailed eftects of high-explosive detonations

and material flow. Itis critical to predicting the response of weapon cases and components in
accident scenarios.
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® Radiation Physics models the flow of photons and x-rays and their interactions with matter.
This capability is vital to assessing weapons effects, to designing x-ray sources used to evalu-
ate the vulnerability of components to weapon effects, and to interpreting complex develop-
ment tests.

o Atomic Physics forms the basis of calculations of the interaction of electrons, ions, x-rays,
and photons with matter. It is used extensively in designing intense x-ray sources. lasers, and
pulsed-power devices, and it is an essential foundation of plasma physics and weapon effects
simulations and models.

Plasma Physics underlies the behavior of many pulsed-poser components, inertial contine-
ment fusion, weapons effects on the atmosphere, plasma processes used to make microelectronic
devices or deposit thin films on surfaces, and x-ray sources.

® Condensed Matter Physics includes work in equations of state of materials for conditions
of severe temperature and pressure, which underlies our ability to understand the behavior of
weapon components when exposed to such conditions, and semiconductor and diclectric
physics, which underlies the design, fabrication, and testing of weapon components, such as
microelectronic and photonic devices.

Chemical Physics underpins gas laser research and development, the development of chemical
processes for materials processing, and the simulation and modeling of explosive chemistry.

Optical Physics supports research and development of lasers, photonic devices, direct optical
initiation, materials processing witi lasers, remote lidar detection of trace species in the
atmosphere, and laser imaging and ranging.

Pulsed-Power Technology enhances laboratory capabilities to assess the eftects of ionizing
radiation on weapon components, to benchmark weapon design codes (with the assistance
of Los Alamos and Lawrence Livermore national laboratories), to qualify components for
radiation hardness, and to avoid technological surprise in tailored-output nuclear devices.

Computation and Modeling

This program element ensures the development and maintenance of computational capabilities
that are essential to the design, production, testing, and certification of nuclear weapons.

A nuclear weapon is a complex system consisting of a large number of components and sub-
systems. The actions of many of these components and subsystems are tightly coupled when the
weapon is fired. The complexity of structure, function, and interaction of these components prevents
their efficient design, at any reasonable cost, without the use of extensive computational support.
Inaddition, these systems and components must consistently meet the most demanding requirements
for safety and reliability and continue to function with high precision throughout the course of a
stockpile service life that may last several decades and involve exposure to severe environmental,
handling, and transportation stresses.

Once a weapon enters the stockpile, opportunitics for direct inspection and testing are limited
and expensive. Maintaining this extremely high level of product reliabitity with minimal direct testing
and at reasonable cost requires computational modeling at every stage in the design, production, and
service life of the weapon.

Virtually all of the program elements are heavily dependent on computation and modeling. In
fact, these capabilities are critical to every element of our nuclear weapon activities, inciuding:
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® Testing required to assess system performance

® Experimentation to understand the underlying physics

e Corrclation of simulations to actual threats

® Design of engineered materials and processes

¢ Control of intelligent manufacturing equipment and robotics for
handling hazardous materials and assembling systems

® Safety assessments, and

o Assistance with emergency response.

Computation and modeling play a particularly important role in several areas. Computational
analysis is critical to safety assurance studies. These studies ensure that weapon systems neither func-
tion nor expose the environment to hazardous materials in accident scenarios. In addition, with
testing of nuclear weapons suspended, our ability to certify the vulnerability of components to
radiation will be even more important than in the past. Computation and modeling are also critical
in designing weapon transportation and storage systems and in evaluating weapon survivability
when subjected to nuclear defense measures.

With regard to the production or manufacture of replacement components, modeling will be
a fundamental element of agile manufacturing and the reconfigured nuclear weapons complex. In
the reconfigured complex, production processes will be modeled and integrated through computer-
aided design (CAD) and computer-aided manufacturing (CAM) to ensure product reliability at
low cost under low volume and to provide flexible production conditions. Computation and mod-
clingalso play a vital role in addressing environmental safety and health concerns. For example,
modeling is widely used to design less hazardous substitute materials and alternative processes.

Research and Technology Development Programs

One of the difficulties
in using massively par-
allel computers is effi-
ciently distributing the
compuiation across
multiple processors.
Sandia researchers have
discovered an impor-
tant resultin an area of
mathematics known as
spectral graph theory
that has led to a faster
method for decompos-
ing large problems. The
graphic shows the
decomposition for a
complex casting of a
component used in
weapon firesets.
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Virtually all DOE missions are heavily dependent on computation and modeling. "The otfices of
Intelligence and National Security and Environmental Restoration and Waste Management rely on
the capabilities maintained by this program element. In the broadest terms, computation and maod-
eling, through the simulation and modeling o complex systems, reduce overall program costs by
assisting with risk reduction carly in the system lite cycle and reducing the need for physical testing.

Systems Engineering Science and Technology

System Engineering Science and Technology assembles and integrates fundamental and enabling
technologies to create torward-looking core products and capabilities that respond to shifting
requirements, keep pace with the rapid evolution of technology, and meet the critical systems
needs of the Department of Energy. This program clement ensures the maintenance of those
comprehensive systems engineering and production capabilities that are essential to supporting
and integrating multiple rescarch and technology development programs.

The bonndaries between System Engineering Science and T'echnology and some of the other
program elements are, in many cases, not well defined. However, the activities in System Engineer-
ing Science and Technology emphasize the integration of multiple technologies, many of which
are developed through the other program elements or through the Defense Programs initiatives.
While other program elements focus on the development of a specific set of technologies to meet
aspecific set of performance goals, System Engineering Science and Technology pursues more
comprehensive goals by selecting among alternative technologies and integrating them to yield
desirable characteristics in broad systemic categories, including manufacturability, affordability,
environmental safety and health, case of dismantlement and disposal, case of certification, and
maintenance of core product capabilitics.

An important consideration in selecting activities to be supported by this program element is the
need to constantly introduce new or emerging technologies into mainstream design efforts and to
regularly update, ensure, and enhance the technological superiority of the stockpile. To meet this
need, systems engineers seck to pull the work being done in other program elements and initiatives
in directions that best support DOE’s strategic needs and intent. Inaddition, the eftorts in Conceptual
Design and Assessment are monitored and assessed with particular care as a means of identifying
those new concepts that have the highest potential for further development. A high priority is then
given to the development of enabling technologics that best support these promising concepts.
Although general scientific and technological feasibility is determined in Conceptual Design and
Assessment, engineering and production feasibility and the merit of cach new concepr is assessed
in System Engineering Science and Technology.

Most important, this program clement maintains the design, engineering, and testing infra-
structure needed to sustain and enhance the stockpile and respond to challenges as they arisc.

System Engineering Science and Technology also benefits a number of other detense missions
within DOE, including, programs for the safe and secure transportation and physical security of
weapons and materials, dismantlement, and arms control.

Electronics, Photonics, Sensors, and Mechanical Components

Electronic, mechanical, and acrodynamic components largely determine the precision of the delivery
ofaweapon toatarget, the reliability of the system, and the operability of weapons in the potentially
severe environments caused by defensive measures by the targeted country. The use of electronics
in nuclear weapons is pervasive. Special-purpose electronic components in nuclear weapons include
coded switches that prevent unauthorized use, tamper detectors, programmers that control the
arming and firing sequence of the weapon, radars, and fuzing and firing sets. These devices must
operate reliably over a large temperature range, survive strong mechanical shock, and be fully
functional following exposure to intense pulses ofionizing and clectromagnetic radiation caused
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by nearby nuclear detonations. The latter may be caused cither by defensive systems of the targeted
country or by fratricide.

Many of the requirements on devices can not be met with commercial products. This limitation
is also true for many of the mechanical and acrodynamic components that determine the reliability
ofaweaponafteran extended period of time in stockpile, as welt as the maintenance requirements
ofweapons in stockpile.

Photonics represents an emerging technology that uses visible light energy to execute functions
normally performed by electrical energy. On account of the inherent immunity of photonic devices
to electromagnetic interference and their tolerance to the effects of ionizing radiation and intense
pulses of electromagnetic radiation, photonic devices offer unique advantages over electronic
devices for a wide variety ot applications in nuclear weapons.

Photonics is the enabling technology in the optical firing set, which is being rescarched as a pos-
sible replacement for the traditional electrical system. This firing set offers greatly enhanced safety
should a weapon be exposed to severe abnormal environments such asa crash ora direct hit of light -
ning, It uses a laser and optical fibers to initiate detonators that in turn initiate the nuclear explosion.
Italso lends itself to unique photonic-based use-control subsystems that would greatly reduce the
threat of unauthorized use of a weapon should it fall into the hands of another country or terrorists.

While the research into the enabling laser photonics technology has been performed under this
program clement, the development of this innovative firing set is performed in the program clement
for Explosives. Following proof of feasibility and practicality, development will move to the System
Engincering Science and Technology program element for tull-scale engineering and certification.

Sensor research and development supported by this program element includes radars used to
command the firing of a weapon and provide precision terminal guidance, components that detect
unauthorized tampering, use-control devices, accelerometers, chemical sensors to assess the state
of health of weapons in stockpile, and other components.

The technology base sustained by this program element is eritical to almost every defense mission,
initiative, and program of the Department of Energy. Satellites that monitor compliance of other
countries to treaties on weapons of mass destruction require microelectronic devices that are hard-
ened against the ionizing radiation of space. Application-specific microprocessors and embedded
computers are needed by many of the systems used to verify treaty compliance and assess activity
in forcign countries that may indicate work on weapons of mass destruction. Also, advanced sensors,
such as chemical microsensors, lidar, and high-performance synthetic aperture radars developed
under this program clement offer new capabilities for arms control and proliferation assessments,

These technologies are also critical for the safeguards and security efforts of DOE, Chemical
sensors anu lidar have application for assessment of chemical hazards in nuclear waste sites in sup-
port of programs of the Office of Environmental Restoration and Waste Management. Also, many
of these capabilities are of primary importance in the Emergency Response program of Department
of Energy. Furthermore, strengths in electronics, microelectronics, and photonics sustained by
this program element are promoting national cconomic growth thrc agh technology transfer.

Chemistry and Materials

Meeting the demanding reliability, safety, and physical security requirements of nuclear weapons
requires a diverse range of materials expertise and capabilities, many of which are unique to the
nuclear weapon laboratories. Nuclear weapons must operate reliably in the severe environments of
strong mechanical shock, intense electromagnetic tields and ionizing radiation, and large temperature
excursions. Also, they must not detonate or disperse nuclear materials in accidental exposure to
severe abLormal environments ot fire, mechanical shock, electricat shock and static charge, elee-
tromagnetic ficlds, or their combinations. At the same time, ultra-high-reliability requirements
must be met by weapons that have been in storage tor decades with little or no maintenance or
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testing. In the future, it will be necessary to certity reliability without full-scale underground testing,
The activities supported by this program element are central to meeting these requirements.

This program clement also maintains the infrastructure needed to assess materials-related
deficiencies uncovered in weapons in stockpile. Such troubleshooting and failure analysis requires
special expertise and capabilities because ol the special nature of many of the components.

Meeting the materials development and analysis requirements for nuclear weapons engineering
and stockpile support requires broad strengths in synthesis and processing, materials characterization,
theory, and modeling and simulation. This knowledge base must span a wide range of materials,
including metals, ceramics, glasses, organics, composites, and semiconductors {(semiconductor
materials are covered in u. - Electronics, Photonics, Sensors, and Mechanical Components pro-
gram clement).

Currentactivities focus on materials and process substitution to reduce the cost of component
production and weapon dismantlement; produce longer-lifetime components so as to reduce
maintenance requirements for weapons in stockpile; ameliorate or eliminate sources of harmful
eftects on the environment; and realize the highest practical safety in the workplace. These capabilities
in materials technologies are a cornerstone of the evolving agile product realization process that will
be the hallmark of the new production complex, Complex 21.

The technologies and facilities sustained by this program element are of direct benefit to many
DOE defense projects that fall outside of the direct responsibility of the Assistant Secretary of Defense
Programs. Projects under the direction of the Office of Environmental Restoration and Waste
Management and projects supporting Safeguards and Security initiatives are direct beneficiaries.
Both programs have needs for special-purpose materials and processes, and cach relies heavily on
the materials characterization capabilities that are sustained by this program clement.

Tritium

Tritium is an essential material in nuclear weapons as currently designed. Sandia’s activities in this
program element include the design of tritium reservoirs and the associated gas transfer systems.
These systems require bottles, valves, actuators, and piping designed for long lite under extremely
high pressures. Fundamental and applied rescarch on materials degradation in these systems is
performed by the Chemistry and Materials program.

Tritium is radioactive and has a half-life of 12.3 years. As tritium decays, helium is produced,
which invades and weakens the containing material. Research on improved alloys for reservoirs and
neutron generators, stable storage of tritium, and management of the decay productis expected to lead
to greatly increased lifetimes for these components, improved safety, and maintenance cost savings.

Explosives

There is great potential and great need for improving the performance and safety of explosives and
associated components. A tundamental understanding of the processes of focalized mechanical and
thermal energy buildup and dissipation for all kinds of abnormal stimuli is paramount in evaluating
safety and performance characteristics. This process must include tradeotts of availability and cost,
dynamic and mechanical properties, chemical and thermal stability, initiability, durability, environ-
mental concerns, and issues associated with the inevitable retirement, recycling, and disposal of
assemblies containing explosive materials. From these studies will emerge safer high-cnergy
explosives oftering improved performance,

Activities in this program clement span the range from fundamental physics and chemistry of
explosive materials to prototype engineering of explosive components and their evaluation for
weapons uses. Issues associated with retirement of systems and disposal of materials must be con-
sidered atall phases in the cycle. Normaily, once a new concept proves to be feasible, full-scale
engineering and certification is done under the Stockpile Stewardship program or by System
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Engineering Science and Technology program clement. Carrent emphases include firing systems
that ofter greatly enhanced safety, such as direct optical initiation firing sets employing lasers and
optical fibers, and a concept for physically separating the explosive material from the nuclear
assembly until authorized.

The technologies and infrastructure sustained by this program element are of direct benefit to
many defense projects of the Department of Energy that fall outside of the direct responsibility of
the Assistant Secretary of Defense Programs. The Office of Environmental Restoration and Waste
Management takes advantage of the research and development related to explosives characterization
and demilitarization processes in the environmental restoration of DOE sites contaminated by explo-
sives and their byproducts. The Safeguards and Security program utilizes databases on explosives
and models to assess the vulnerability of transportation systems and to design transportation con-
tainers. The Stockpile Support program will benefit from the development of explosives that have
longer lifetimes and lower costs for both production and disposal.

Dual-Use Benefits

Activities in the foregoing program elements have made possible a large number of transters of
technology to the private sector, including many cooperative research and development agreements
with private companies. These agreements have resulted in the development of a large number of
enabling, pre-competitive technologies and manufacturing processes that have been privatized.
Qur past successes in identifying dual-use opportunities in weapons rescarch and development
and then working with industry to transter the capabilities to them, is the basis of our new policy
that every project will integrate dual-use technologies into its fabric. Some selected examples o
recent dual-use successes are discussed below:

¢ Rescarch on plasma etching systems of the type used in the manufacture of microclectronic
devices to define transistor features and electrical interconnects between transistors led to an
explanation of why seemingly identical systems occasionally do not function the same and
why the response surface of a specitic system sometimes changes. Technical solutions worked
out by our staft are now incorporated in commercial equipment.

Sandia studics of the response of lithographic equipment to vibration, as well as new protocols
for stage movement to minimize structural vibrations, have resulted in recommendations
for improvement that are being utilized in the design of new commercial lithographic equip-
ment. Such equipment is used to define intricate electronic circuit patterns for microelec-
tronic devices,

® A new process to produce printed circuit boards without using ozone-depleting chloro-
fluorocarbons was developed by Sandia engineers working with Motorola. This new process
has the potential to eliminate more than 23 percent of the worldwide release of such compounds
into the atmosphere.

Protocols developed by Sandia for the design of the gates and runners for investment casting
have led to substantial reductions in the time required to develop casting systems for complex
shapes. This work was accomplished with the aid of thermal, structural, and fluid dynamics
codes to simulate the casting process. The technology is being rapidly picked up and used
by industry.

o Sandia’s advanced fundamental understanding of the parameters of welding, together with
the development of enhanced adaptive process-control sensing and protocols, have been
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transterred to industrial partners. Ongoing activitics are aimed at integrating predictive
models into both computer-aided design and adaptive control instruomentation.

® The Sandia-invented ROLAMITE switch and semiconductor bridge are used in automobile
air-bag release mechanisms. Sandia’s acrodynamic codes are being used to design new,
low-cost airbags with improved performance.

e Semiconductor strained-layer superfattice materials pioneered by Sandia have led to a new
generation of microelectronic and optoelectronic devices with improved performance,
Commercial devices based on these new materials are beginning to reach the marketplace,
including the next-generation cellular telephones by Motorola.

e Sandia advances in statistical analysis of chemical spectroscopy have led to the development
ofa prototype noninvasive serum glucose sensor for use by diabetics. Protetype devices
have been used in patient studies at the University of New Mexico School of Medicine, and
an affordable commercial device may soon be available.

¢ Sandia developments in chemical microsensors have potential application in automobiles for
monitoring the state of motor and transmissions fluids. Replacement of engine fluids
based on viscosity change, rather than on an arbitrary periodic schedule, could reduce life-time
servicing cost, increase engine efticiency, and enhance engine life.

o A Sandia-invented glass developed for the weapons program is now used in most commercial
lithium rechargeable batteries.

o Sandia advances in the hardening of microelectronic circuits to fonizing space radiation and
energetic particles are used in the manufacture of robust electronic systems for satellites.
Their use reduces the incidence of single-event upsets of microclectronic circuits, which
cause both functional and informational loss.

 Sandia expertise in weapon surety assessment and certification methodologies, nondestructive
testing, and materials analysis, testing, and evaluation is being applied to the evaluation of
the structural safety of aging aircraft.

Stockpile Stewardship (GB010302)

A principal mission of Sandia is stewardship of the nuclear weapons stockpile. Stewardship encom-
passes directing and managing the total life-cyele atfairs of the nuclear weapons stockpile, Duties
include: maintaining the weapons in the stockpile; monitoring, testing, and assessing stockpile
health; developing and retrofitting nuclear weapons as required; developing and maintaining equip-
ment required to support nuclear weapon logistics and operations; developing and maintaining
capabilities for sate and secure transportation and storage of nuclear weapons; and supporting the
dismantlement of nuclear weapons retired from the stockpile.

Weapon Development

[n today’s world environment, Sandia’s principal thrusts in the weapon development programare to
support the downsizing of the nuclear weapons stockpile; ensure the continuing health of weapons
remaining in stockpile; identify arcas where surety improvements in the stockpile should be made;
support the departments of Energy and Defense in incorporating surety improvements to the
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stockpiles and support DoD requirements for improved operational capabilities when they aceur.
Toensure that these thrusts are appropriately addressed, the objectives of the weapons development
program at Sandia for stewardship of the stockpile are as follows:

® Provide stockpile stewardship leadership in support of the departments of Energy and Defense

e Ensure that all programs and projects are customer-oriented

e Ensure that Department of Energy resources are applied to explicitand anticipated
DOE/Dob requirements

e Assure maintenance of a credible nuctear weapons stockpile with a thrust of enhancing
surety (satety, security, and control) and operational flexibility

e Supportan expanded Department of Energy role in the logistics and maintenance support
of the stockpile

¢ ipport dismantlement of nuclear weapons

 Maintain within Sandia a viable weapons component development capability (and supporting
technologies) in order to ensure the continuing health of the stockpile and to support
improvements, as required, to the stockpile

Nuclear weapon developmentaat Sandia is carried out in close cooperation with Los Alamosand
Lawrence Livermore national faboratories, which design the nuclear explosive subsystems, Sandia
designs the remainder of the warhead or bomb and integrates the nuclear explosive subsystem with
many Sandia-designed components to achieve the desired military capabilities.,

Sandia interfaces closely with the Department of Defense in the eritical area of weapon surety
(satety, command and control, and security). Component manufacture and weapon assembly are
performed by other DOE contractors using design definitions furnished by Sandia, Los Alamos,
and Lawrence Livermore.

Sandia’s nuclear weapon responsibilities principally include the safing, arming, fuzing, and
firing systems; use-control systems; external neutron initiation systems; gas transfer systems; delivery
system interfaces; military liaison; stockpile support; and related testing and instrumentation. In
addition, Sandia is responsible for ancillary equipment used worldwide by DoD to support nuclear
weapons operations in the areas of use control, handling, shipping, storage, and maintenance.

Nuclear weapon development programs may be initiated to correct problems or make improve-
ments to weapons in the stockpile or the ancillary equipment that supports weapons in the stockpile.
New nuclear weapon systems are developed in response to changing military requirements. Whether
for existing weapons or new weapon developments, the Sandia, Los Alamos, and Lawrence Livermore
laboratories work on behalf of the Department of Energy in support of Department of Defense
requirements. The laboratories work closely with Dol to understand their requirements for
nuclear weapons and develop solutions. The requirements and needs are the basis for develop-
ment activities at Sandia.

The Detense Programs laboratories and production plants are responsible for the design, devel-
opment, testing, certification, production, maintenance, stockpile surveillance, and retirement of
the warheads and ancillary equipment provided to the Department of Detense by the Department
of Energy. Inaddition, the laboratories and the production plants are responsible for providing the
retrofit kits (components and materials) that are used by DoD to upgrade the capability of weapons
in stockpile. These life-cycle activities occur in seven phases:

 Phase 1 cvaluates new concepts and advances in technology for possible application to
nuclear weapons.

® Phase 2 involves a technical feasibility study examining the military requirements and
cost-ettectiveness of a new weapon system.
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® Phase 2A is a detailed design and cost study tor a selected system,

® Phase 3 commences when the Department of Defense or the Department of Energy decides
to proceed witha weapon system, It involves the engineering development work for the lite
cycle otanuclear weapon, including overall design detinition and component development.

® Phase 4 is production engineering. Design and manufacturing development are completed,
and environmentally conscious manutacturing processes are established.

e Phase 5 begins with first production. These first units are rigorously checked in the laboratory
and in the field. Ancillary equipment and manuals are completed.

¢ Phase 6 is quantity production of the weapon and maintenance of the weapon in the stockpile.
Upgrades or modifications may be performed i required. Stockpile evaluation sampling and
surveillance continue throughout stockpile life.

¢ Phase 7 retires the weapon from stockpile and reclaims nuclear material and reusable parts.

Sandia is involved in all of these phases of the life cycle of nuclear weapons, Applied research and
development is the principal activity in Phases 1 through 4 and continues to support the stockpile
activities of Phases 5 through 7.

Stockpile Evaluation, Maintenance, and Support

Sandia supports the DOE Stockpile Evaluation program by conducting analyses and tests of weapons
as they enter stockpile and by testing weapons withdrawn from the stockpile for evaluation. Results
from the evaluation program clearly indicate that nuclear weapons do not wear out. Weapons do,
however, age. Whenaging does oceur in the stockpile, Sandia and the nuclear design laboratories take
corrective action to ensure that performance and safety of the stockpile does not degrade. Corrective
actions can take the form of changes during new weapon builds or retrofits to weapons in the stockpile.

The evaluation program has shown over the last four decades that serious defects in nuclear
weapons have been relatively rare. As defects or problems are identified, changes are made to the
weapons to fix the defects or problems and improve operations and maintenance. The Stockpile
Evaluation Program at Sandia relies heavily on the basic skills required to develop nuclear
weapons. Examples of these skills are materials science, electronic piece-part and subassembly
design, clectromechanical component design, structural design, applied mechanics analysis, and
environmental testing.

During the last four decades, tens of thousands of weapons in the stockpile have been addressed
by the evaluation program. Of those, approximately 13,500 have been tested. A total of 2,344 defects
have been found during the program, a portion of which could be categorized into 252 actionable
defect types. “Actionable™ defects are those that impact reliability or safety and require corrective
action. Overall, the stockpile evaluation program has indicated that stockpile reliability has been
excellent for the last four decades.

Animportant thrust for this program in the future will be to refine the sampling and testing
program to ensure that the reliability and surety of the stockpile are maintained ata high level as
the stockpile is reduced in size.

Sandia provides the technical military manuals and training that enable the armed services to main-
tain the readiness of the stockpile ata high level while ensuring satety and control. Training is conducted
at Sandia for military logistics specialists who, in turn, provide training to other military personnel,
Sandia also provides on-site field training for the military in response to military needs and requirements.
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Most weapons require periodic
maintenance, such as replacing lim-
ited-lite components. Sandia supports
this routine maintenance requirement
through the training and technical
manuals program and with field
engineering staff as appropriate.
When problems with nuclear weapons
occur in the field, Sandia provides
technical support to the military to
resolve them. In most cases, problems
are resolved in the field without
having to return weapons to the
DOE production complex.

Retirement, Dismantlement,
and Storage

National policy and Department of
Defense military requirements estab-
lish weapon retirements. With the
dissolution of the Soviet Union and
the signing of the STAR'T agreements,
the size of the U.S. nuclear stockpile
has been significantly reduced and
will continue to be reduced. Many
weapons are being retired, and ulti-
mately more than 10,000 weapons
will be dismantled by the DOE pro-
duction complex during the next

ten vears. Dismantlement will bea
major effort tor the production
complex. Sandia is providing signif-
icant support to DOE for this task.

Dismantlement begins when the
military designates a weapon for
retirement and ends when DOE has
disposed of the weapon components,
trainers, handling equipment, and associated hardware. The procedure includes transportation, stor-
age, and disassembly into subsystems and components that are recycled, staged for reuse, or disposed.

Many issues must be addressed by Sandia in support of this dismantlement effort: Where and
how will weapons be safely and securely stored while awaiting dismantlement? How will materials
be safely and securely transported? What are the best approaches for the safe dismantlement of
large quantities of weapons and disposal of weapon materials while ensuring the environmental
safety and health ot the work foree, facilities, and the public?

Sandia conducts development programs to address such issues. These programs are coordinated
by the DOE Albuquerque Operations Oftice and with DOE’s Pantex plant in Amarillo, Texas, to
ensure that safe and efficient processes are developed.

Sandia is developing automated processes using robotics and computer modeling to support
dismantlement. In particular, the Stage Right project is underway to establish feasibility ofa robotic
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A denuclearized B83 gravity bomb is examined by Duane Smith and Roy Johnston after a
stockpile surveillance flight test at Sandia’s Tonopah Test Range.
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system for materials movement and inventorying, Stage Right would move, stack, and retrieve fissile
pits from dismantled nuclear weapons. In addition, the system will have the capability to remotely
inventory pits in storage. This system will permit higher pit storage densities in storage facilities while
climinating the requirement for personnel to enter storage facilities for purposes of material handling
and inventory operations. Thus, personnel can avoid exposure to radiation environments within
pit storage facilities.

[naddition, we conduct joint projects with DoD) to examine methods for disposing explosive
and energetic components and materials and using robotics tor disassembly and dissection of elec-
tronic components. Studies of automated hazardous material removal systems, robotic disassembly
of explosive components, and arms control are also underway. The payoft from these projects
could contribute to a modern, safe, and cost-eftective dismantlement operation at Pantex with
possible dual-use spin-ofts tor U.S, industry,

Studies, Engineering Development, and Technology Demonstrations
Studies

Studies are underway to address improved nuclear weapon surety and to address improvements in
military operational capability. Phase 1 concept studies and Phase 2 feasibility studies are normally
joint DOE/DoD undertakings. Phase I studies can, however, be conducted by cither the Department
of Defense or the Department of Energy. A Phase 2 study may be requested by cither the Department
of Energy or Department of Defense. Each study normally involves the military services, the DOLE
Deputy Assistant Secretary for Military Application, the DOE Albuquerque Operations Office, and
the three nuclear weapon laboratories. During the study period, two competing design teams —
one Lawrence Livermore-Sandia/California and one Los Alamos-Sandia/New Mexico — consider
a range of design options, emphasizing conformance to surety initiatives, The teams evaluate the
tradeotts among the physical, cost, and military characteristics of the proposed weapon as well as
the environmental, manufacturing, assembly, and retirement requirements that would be imposed.

There are five Phase 1 studies currently in progress: a high-power radio frequency (HPRF) war-
head; sea-launched ballistic missile warheads (Mark 4 and Mark 5); a precision low-yield warhead
(PLYWD);a B61 diameter bomb; and a cruise-missile-size warhead. The high-power radio frequency
warhead study for Do) is currently in Phase 2 and emphasizes vulnerability and lethality studies and
testing, The Air Force-sponsored precision low-yield warhead study is ongoing with completion antic-
ipated for July 1993. The B61 diameter bomb and cruise-missile size warhead studies are both DOE-
initiated for purposes of enhanced surety. A Phase 1 study has recently been completed for the
Minuteman [ warhead.

[naddition, Sandia participates in informal, joint Dol)/DOE nuclear weapon studies for weapon
options that will be examined in the FY 1993-98 time frame. Such studies include revolutionary
improvements in surety, robust nuclear weapons, suitability of weapons in a decreased stockpile,
hypersonic delivery, nonstrategic nuclear torees, and advanced technology warheads. Several pre-
Phase 1 internal studies are in progress.

Engineering Development

A number of engineering development projects are underway in direct support of the weapons
currently in the stockpile. The driving forces behind such projects are one or more of the following:
surety “soft spots™ (i.c., arcas where safety and/or use control should be improved to be consistent
with modern safety requirements and evolving adversary threats to weapons); reliability soft spots
(i.c., arcas where reliability reductions are cither identified or anticipated); stockpile changes that
require new approaches for ensuring continued support of DOIS's Stockpile Evaluation Program
(i.c., replacing fight instrumentation systems with those that can obtain the required tlight test
data); components to support required future limited-life campaonent change-outs; and replacement

Institutional Plan FY 1994 --1999



of use-control equipment that has either reached the end of its supportable life or has vulnerabilities
that should be corrected. Examples of these projects are:

® Redesign of the B53, W87, and W88 joint test assemblies to ensure continued support of
stockpile evaluation flights

¢ Development and fabrication of limited-life components for weapons in the stockpile.
Near-term needs are the B61 parachute gas generator, W76 reservoir, and W76 and W78
neutron generators

e Reliability, safety and use-control factory upgrade for the B83

® Development of an encrypted recode permissive action link and secure inventory capability
that can be incorporated in fielded weapons to improve security and operational flexibility

® B61-3,4 field retrofit to incorporate a new safety device (trajectory sensing signal generator)
and an encrypted recode permissive action link

e Development of secure recode systems” ancillary equipment for the U.S. military’s Strategic,
European, and Pacific commands

Several development initiatives are now under consideration or anticipated for which we expect
requirements from Dol) and DOE. These initiatives cover all weapons in the enduring stockpile not
now being addressed by engineering development projects and fall into the categories of improving
safety and use control or improving stockpile reliability.

Technology Demonstrations

Development engineering for new weapons or tor improvements to weapons in stockpile occurs in
Phase 3. Currently, there are no Phase 3 projects in progress. During the FY 1994-99 time frame, we
are planning for Phase 3 starts for systems with greatly enhanced surety features. We are preserving
our essential development engineering competencies through internal programs in technology
maturation and systems engineering.

For example, over three years ago Sandia established the Focal Point/STEP process for the mat-
uration of components and subsystems for stockpile upgrades and for modular use in future weapon
systems. The program was structured to respond to three predictions: (1) surcty requirements will be
upgraded; (2) fewer new weapon development programs will be introduced; and (3) future devel-
opment budgets will be limited. In the face of these constraints, we needed a technology develop-
ment process that would generate a variety of high-quality, state-of-the-art components that could
be applied to specific weapon system programs with a minimum of development risk and cost.

The first level of this program, Focal Point, is advanced development in a system context. Focal
Point evaluates new system architectures and components to meet long-term or emerging needs.
It draws upon technologies with demonstrated feasibility and seeks to determine their suitability
for weapon applications.

The second level, STEP (Stockpile Transition Enabling Program), selects from Focal Point out-
puts and advances them through full-scale engineering to production readiness. STEP demonstrates
functionality and producibility with detailed designs and component testing. The development
environment is not associated with a specific weapon system. Rather, it seeks to develop standardized,
modular, advanced subsystems and components for multiple system applications,

The Focal Point and STEP programs precisely define the stages of component or subsystem
development and impose formal milestone reviews to ensure that all components in development
ofter significant improvements in surety, reliability, waste minimization, environmentally conscious
manufacturing, and cost. The reviews not only involve Sandia’s designers and technical management,
but also representatives from production agencies and DOE offices. Advanced components and
subsystems resulting from the Focal Point/STEP process are then available for system application
it needed.
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MAST (Multiple Application Surety Technologies), a current warhead prototype system, uses
improved surety components and subsy¢iems in a product realization process conducted with
Phase-3 rigor. Product realization teams composed of laboratory design engineers and production
plant manufacturing and process engineers exercise modern industrial techniques, such as concurrent
engineering, computer-aided design and process tools, and environmentally conscious manufacturing
to emulate production within targeted cost, schedule, and waste minimization parameters. This
activity assures that the laboratory/production-agency interface remains intact and fully capable
of supporting a quality weapon system production program.

The MAST program will advance critical nuclear weapon surety technologies and help assure
nuclear weapon development and production competence in the absence of Department of Defense
programs. It incorporates safety features as emphasized by the Drell Panel recommendationsina
multiple application system. Possible applications include cruise missiles, standoft weapons, and single
reentry vehicles, although the program is being conducted primarily in the context of a laydown bomb.

Similar to MAST, the PRESS (Pit Reuse for Enhanced Safety and Security) program is a technol-
ogy demonstration that can provide near-term options to upgrade the surety of the nuclear weapons
stockpile while maintaining capability at the weapons laboratories and the DOE production plants.
PRESS is being developed for several applications, with current emphasis on a cruise missile warhead.

In PRESS A, DOE would select a small number of warhead designs to develop technology demon-
strations similar to actual warhead developments but on a smaller scale. New technologies would
be developed at the Defense Programs laboratories and incorporated into PRESS projects as they
mature. These projects would cu'ininate in the fabrication of a few prototype weapon configurations
that would be examined and disassembled. The results of this work would then be stored “on the
shelf” so the designs could be put into production rapidly should the need arise. The emphasis is
on establishing capability, not capacity, for mass production.

Enhanced Surety

Surety includes safety, use control, and security. Several developmental activities are underway that
will support significant enhancements in surety for the extant nuclear weapons stockpile as well as
provide for improved capabilities in new weapon developments that may be required in the tuture.

Weapon Nuclear Safety

Safety is of paramount importance in warhead development. The goal of safety design is to provide
predictable, safe response at all times, even during and after exposure to unpredictable events such
as accidents.

This goal is achieved through a combination of design teatures. The nuclear explosive, detonators,
and other critical components of a warhead’s electrical system are contained in an exclusion region
isolated from power sources by protective physical barriers. The transfer of energy through the barriers
for normal operation is controlled by “strong link” components to ensure electrical isolation in abnor-
mal environments. Other vital components are designed as “weak links™ that become irreversibly
inoperable in accident environments at levels well below the projected failure levels for strong links.

Weapon satety is an increasingly critical area involving issues raised by House Armed Services
Committee Panel on Nuclear Weapons Safety (the Drell Panel) in 1990. Concerns included trans-
portation and handling, the logistics of retirement and dismantlement, and sensitivity to the envi-
ronment, safety, and health.

Sandia has begun a major satety technology and engineering program to enhance demonstrable
safety architectures for future nuclear weapons. The long-term goal is to bring new safety technology
for warhead designs and components into weapon product lines, provide improved analytical tools
for modeling weapon systems responsc in abnormal environments, and assess probabilistic risk.
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A project for improved electrical detonation safety will provide the technology to enhance
electrical detonation safety products in support of future committed development programs and
stockpile improvement programs. Improvements are focused on safety enhancements and man-
ufacturability. Included in this activity is the development, demonstration, and evaluation of
advanced electrical nuclear detonation safety (ENDS) systems. Improved exclusion-region barriers,
weak links, strong links, environmental sensing devices (ESDs), lightning-arrest connectors (LACs),
and trajectory-sensing signal generators (TSSGs) are being developed.

In the future, significant improvement in nuclear safety will be realized if electrical firing sets can
be replaced with optical subsystems in which the high-power signals required to initiate detonators
are transmitted in the form of photonic energy carried by optical fibers, rather than as electrical
energy. The weapon detonators are designed so that they will fire only when proper and sufficient
photonic energy is applied. There will be no path to the detonators for electrical energy. The required
photonic input does not occur in nature and thus cannot be created by an accident environment.
As part of Sandia’s Direct Optical Initiation project, a prototype optical firing system has recently
been developed and is being used to determine operability in various weapon environments.

In arelated area, we have recently completed exploratory development of Laser Diode Ignition
technology, which uses low-power optical signals for controlling and initiating various weapon
pyrotechnic functions. Through the use of optical fibers to transmit the ignition stimulus from the
laser diode to the energetic material, concerns over electrostatic discharge, electromagnetic sus-
ceptibility, and conductance after fire are eliminated.

Animproved Detonator Safety Strong Link is being tested to reduce potential lightning paths to
the detonators and to reduce costs and improve manufacturability. In the next three years, improve-
ment in the design of trajectory-sensing signal generators, advanced solenoid mechanisms, and
mechanical weak links will be pursued. We anticipate continuous improvement on electrical
nuclear detonation safety architectures.

Sandia’s Probabilistic Risk Assessment (PRA) Technology Development project will improve
probabilistic risk assessment of nuclear weapons subjected to abnormal environments. The ability
to identify vulnerabilities in designs and set priorities in safety technology research and development
will be improved by these methods. In the next three years, an initial methodology suitable for routine
use in risk assessrient of nuclear weapons subjected to abnormal environments will be completed.

Use Control

Weapon use control and physical security are complementary measures contributing to weapon
surety. Weapon use-control features and use-control ancillary equipment support the national
nuclear command and control system to ensure that nuclear weapons can only be used when
authorized by the Presicent. A number of projects are in place to support DoD and DOE consis-
tent with the national Nuclear Command and Control System as defined in the 1987 National
Security Decision Directive signed by the President. Sandia is the principal laboratory supporting
DOE in fulfilling these responsibilities.

Sandia pioneered the development of permissive action links (PALs) to provide use control.

A permissive action link is a coded device within a weapon that protects against terrorists or persons
with access authority but without command authority. Permissive action links were introduced in
the early 1960s into U.S. nuclear weapons deployed overseas. Sandia is continuing to advance the
design of permissive action link devices and use-control ancillary equipment to provide greater
operational capability and flexibility as well as improved use control.

Sandia recently completed development of a new permissive-action-link coded switch that will
support recode and verification operations with encrypted communications. This new device, the
Code-Activated Processor (CAP), entered into production in 1989 and is now being incorporated
into a surety upgrade in the B83 bomb. The Code-Activated Processor will provide a significant
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improvement in code security for all permissive-action-link operations, will allow the military to
conduct electronic inventory of nuclear weapons, and will significantly enhance operational com-
mand and control flexibility for military commanders and national decision authority.

Sandia is now developing a variant of the code-activated processor that can be incorporated into
weapons in the stockpile that have an existing permissive-action-link coded switch. This new device,
the Multiple-Code Coded Switch Encryption Translator (MET), can be incorporated into weapons
with a field retrofit, resulting in significant savings as compared to returning the weapons to the DOE
production complex for factory modification. The CAP and MET cryptographic permissive-action-
link devices will enable the Department of Energy to meet DoD requirements and statements of
need for end-to-end encryption within those weapons that contain a permissive-action-link use-
cottrol capability.

Modern permissive-action-link coded switches are, in reality, made up of two components: an
electronic component for code storage and processing (such as CAP and MET), and an electro-
mechanical output device component. Development is underway to replace the current output
device that has been in production for two decades. The new output device will be available to
support surety improvements for weapons now in stockpile and for any new weapon develop-
ments that may be required.

Sandia is developing a Secure Recode System (use-control ancillary equipment) for the Strategic
Command that will support encrypted recoding of weapons’ permissive-action-link devices. This
system will meet an Air Force requirement for a new secure permissive-action-link recode system.
The new system will be delivered to the Air Force in late 1993.

In addition, an encrypted secure recode system is being developed to support all nonstrategic
weapon recode operations. This new system, the Theater Secure Recode System, will provide the
military with greater permissive-action-link code security and enhanced management flexibility
and efficiency for the nuclear weapons stockpile and any future weapons deployments. This system
will meet statements of need as identified by military commanders and high-level studies such as
the DoD Fail-Safe Risk Reduction Study.

The most effective weapon use-control systems for protecting against unauthorized use are
active protection systems. An active protection system consists of a system of sensors that detect
unauthorized access to weapon components. When an unauthorized access is detected, the
system automatically disables the weapon. The recently completed Fail-Safe and Risk Reduction
Study recommended that weapon use control be improved. Efforts are underway for improving
the effectiveness of active protection systems. Specifically, technologies are being developed to
support the incorporation of this important capability into a wider range of weapons than has
been possible in the past.

Nuclear command and control system architectures are under study in three separate but related
projects. The first is characterizing and refining architectural elements to meet present, near-term,
and future nuclear command and control requirements. The second project will develop and pro-
totype advanced command and control elements in a nuclear command and control test bed. The
third is the first application of the test bed and will develop and demonstrate remote, real-time
permissive action link recode as well as remote, real-time inventory and command disablement.

In a broader command and control sense, Sandia provides support directly to DO headquarters
for command and control initiatives. In 1990, DOE published its Use Control Policy in response to
the Nuclear Command and Control System Decision Directive 1987, which established national
policy and government agency requirements. The DOE use control policy requires a system of
integrated positive measures within DOE to ensure against unauthorized use of nuclear weapons
in DOE custody.

Sandia, at the request of DOE, has established assessment teams with representaiion from Los
Alamos and Lawrence Livermore national laboratories and DOE management for DOE facilities tor
which assessments are being conducted. An assessment was completed in 1992 for operations at the
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Nevada Test Site. This assessment was conducted for and provided to the DOE Manager at the
test site. Anassessment is currently underway for the DOE Albuquerque Operations Otfice
Transportation System.

Weapon Security
Weapon security encompasses those positive measures that protect against unauthorized access to
nuclear weapons. Security systems include features such as sensors, alarms, communications, and
penalty responses, as integrated into weapon transportation systems and weapon storage installations.
Sandia has systems under development for enhancing the security of weapons during trans-
portation while they are in DOE custody. One such project is the development ot a replacement
for DOE’s Safe Secure Trailer that is used for transportation of weapons and weapon materials,
Other work is developing advanced sensors, alarms, and communications that can be applied to
DOE fixed installations or provided to the DoD on a reimbursable basis for military installations
and deployable site security systems.

Stockpile Improvement Programs

Every year, the departments of Energy and Defense review the surety status of the stockpile to identity
areas where improvements should be made. These reviews may result in stockpile improvement
programs (SIPs) within DOE and, where applicable, DoD. Inaddition, areas of needed improvement
are identified through the normal exercise of Sandia’s stockpile stewardship responsibility. These
areas of improvement can result in Sandia generating a product change proposal for a weapon in
the stockpile. The product change proposal is coordinated with the DOE and DoD and, if approved,
results in a stockpile improvement program.

Two stockpiled weapons are currently undergoing stockpile improvement programs. The B83
bomb is being upgraded at Pantex for reliability, safety, and use control improvements. Development
is underway for a new safety device (a Trajectory-Sensing Signal Generator) for the B61-3,4 bomb.
The new safety device will be incorporated into the B61-3,4 stockpile weapons by a field retrofit
starting in 1995. Plans are being finalized to also incorporate a cryptographic permissive-action-link
capability during the safety retrofitas a use-control upgrade.

Future stockpile improvements will occur as needed to meet military requirements and address
surety concerns.

Stockpile Technology

Nuclear weapons utilize a large number of electronic, mechanical, and electromechanical components.
Most of these components are unique, in that their function or some significant aspect of their
environmental capability is not available from commercial sources. To maintain nuclear competence,
itis necessary to support the capability to develop and maintain a set of essential core products.

Each core product has some unique technology or property necessary for performing its function
ina weapon. These products include explosive components and detonation systems, batterices,
electromechanical components, microelectronics and optoelectronic subsystems, neutron gener-
ators, switch tubes, reservoirs and valves, radars, and electrical interconnections,

Advanced electronic subsystems provide many of the modern surety features and functional
control in nuclear weapons. Use controlis provided by miniature electronic locks buried deep within
the weapon and by sophisticated operator-interactive controllers used to manage and enter release
codes to unlock the weapons under Presidential authorization. Trajectory-sensing electromechanical
subsystems discriminate between the intended-use environment and abnormal environments
and may produce unique signals for driving strong-link switches or otherwise permitting the final
arming and firing ofa weapon. The firing signals themselves are developed by electronic firing sets.
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Embedded microcomputers control the various weapon components and the fuzing and other
functional characteristics. In bombs and some warhcads, fuzing may be done by timers or radars
developed and manufactured by DOE. Finally, clecironic subsystems are used extensively in the
evaluation of stockpiled and developmental weapons.

Arming, fuzing, and firing systems make use of a variety of weapon subsystems such as radars,
programmers, firing sets, trajectory sensors, and contact fuzes. A need exists for continued fuzing
advancements to meet the requirements for versatility, reliability, and accuracy of a smaller stockpile.
Advanced sensors and hardened guidance and control components will be needed to accurately
navigate weapons that will locate and strike mobile targets and avoid countermeasures. Future
development will focus on the tull spectrum of potential missions in a changing world with delib-
erate attention to the role of commercial industry and technology transter opportunitics.

Sandia also develops and designs gas boosting systems for many of the nuclear weapon systems
in stockpile. We expect the need for reservoir design and surveillance to persist so long as tritium
reservoirs are in the stockpile. Consequently, we will continue to emphasize improving our under-
standing of metallurgical and fabrication topics for reservoir components, especially degradation
associated with prolonged tritium exposure.

More work needs to be done to determine performance criteria in the areas of design and pro-
duction, as well as the chemistry and physics associated with the aging of metals and alloys. These
efforts will advance our understanding of the major fabrication processes, metal joining (welding),
and forging. This understanding will facilitate the selection of commercial suppliers, reduce reliance
on long-time aging tests to certify new vendors, and increase stockpile surety.

The current weapon component development process will be strengthened in two ways. First,
applied research and advanced development will be focused on technologies critical to meeting
weapons program priorities, for example, surety. Ongoing and new projects with the Focal Point
and surety technology programs will help focus resources on critical technologies and system
architectures that address multiple nuclear weapon needs. Second, we will strive for greater conti-
nuity in the spectrum of products developed. “Product lines” will increasingly consist of standard
and modular components. The goal is for more rapid and flexible response to new weapon system
needs, reduced weapon development and production cost and risk, and more privatization and
consolidation throughout the complex.

Special Projects (GB010304)

Weapon Protection Projects

Special weapon protection projects at Sandia develop security system concepts and applications
to assure future nuclear weapon security and survivability in all phases of the life cycle. In response
to the drastic changes in the nuclear mission of the Air Force (personnel and aircraft reductions,
combined nuclear and conventional mission, and elimination of alert operations), a conceptual
underground storage loading and handling facility for strategic aircraft has been developed. The
Integrated Nuclear Operations Facility concept integrates technology developed for the Weapon
Storage and Security System (WS3) vault with airc-ft operations. The necd for rapidly deployable,
high-security protection of valuable assets was evident during Desert Shield. The Rapid Deployment
Access Delay System has been developed to provide a modular vault that can be constructed in the
field using manpower alone. The closed WS3 provides high-level security; however, when the vault
is opened for required inventory, security becomes manpower-intensive and safety is reduced by
exposing the weapon. The Video Radiation [nventory System is being developed to provide remote
inventory of weapons in closed vaults. Given the likelihood that the dismantlement process will be
accelerated, we are placing special emphasis on protection of nuclear assets in activities such as
transportation, staging, disassembly, and storage.
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Foreign Technology Assessments

Sandia has for many years applied its nuclear ordnance engineering expertise to the analysis of {oreign
weapon systems. The current world environment is providing us with the opportunity to significantly
increase the nation’s understanding of systems and technologies of particular significance to our
efforts in dealing with proliferant countries. While we have focused our activities in arcas that reflect
Sandia’s nuclear weapon development responsibilities, we are evaluating systems parameters such
as warhead and propulsion system performance of conventional weaponry. This effort continues
to provide an expandi.., understanding of systems of concern, and it permits us to estimate the
technological threat posed by systems under development. A detailed understanding, of foreign
technology threats will allow development of effective countermeasures by applying technology
developed for nuclear weapons to conventional weapons.

Cooperative Projects with the Former Soviet Union

Cooperative measures with Russia and other independent states of the former Soviet Union have been
encouraged by U.S. policy. Sandia is involved with projects to support safety, security, and disman-
tlement of Russian nuclear weapons and to engage former weapon scientists in peaceful endeavors.

Weare involved in six agreements with Russia for the safety, security, and dismantlement of
nuclear weapons. We are designing and will procure modification kits to improve the safety and
security of 115 Russian rail cars intended to transport nuclear weapons for dismantlement. Sandia
has been assigned design and quality-assurance responsibility for up to 45,000 containers for safe
and secure storage of fissile material from dismantled Russian nuclear weapons. The Laboratories
also provides assistance to the Russians in the security and materials-handling aspects of the design
ofan underground storage facility for these con-
tainers after they are loaded with fissile material.

We are also providing emergency response
equipment, originally designed for U.S. use, to
Russia. Sandia designed and is assisting the U.S.
Defense Nuclear Agency in the procurement of
2,500 flexible armor blankets for protecting
material or weapons being moved for disman-
tlement. We also provide technical assistance to
a project assisting Russia with the development
ofa natjonal control and accountability system
for nuclear materials.

Collaboration with Russian weapons “sti-
tutes and other entities in the former Soviet
Union is being pursued to obtain unique tech-
nologies for our programs and technology
transter. This goal is consistent with the national
goal of providing weapon scientists and engineers
of the former Soviet Union with opportunities
to redirect their talents to peaceful activities.

Collaborations have been initiated in environ- Three leaders of Russian nuclear weapon laboratories visited Sandia/California
mental sciences, computational sciences, pulsed  in May 1993 for discussions on possible areas of collaboration. Examining one
power, space power systems testingand devel-  of Sandia’s hardened accident-resistant containers designed for safely transport-

opment, spccialty metals research and dcvcl()p- ing nuclear weapons are (from the left): Yuri Trutnev, deputy scientific director
ment, shock-wave physics research and testing,  for Arazmus; Viadimir Mordvintsev, representing the Committee of International
and materials sciences. We are also exploring Relations at MINATOM, Moscow; Sandians Rob Rinne and Jim Wright; Evgeny
collaborations in research, development, and Avrorin, chief scientist at Chelyabinsk; and Sandia vice president John Crawford.
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testing of reactor-driven lasers, nuclear propulsion, and nuclear power safety techniques and
technologies.

Most of these collaborations have been initiated since the break-up of the former Soviet Union,
when new U.S. policies were developed to encourage cooperation with the newly-independent states
to support democracy and shift their focus from the military to the civilian cconomy. As we continue
ourinteractions with entities in the former Soviet Union, we will identify new arcas of joint interest
in science and technology, and our collaborative efforts to exploit these new areas for mutual benefit
will grow.

Transportation Surety

The Department of Energy’s Transportation Safeguards Division is responsible for the safe, secure
transport of all DOE-owned nuclear weapons and nuclear-weapon-related special nuclear material
within the continental United States. As the original design agency for much of the equipment currently
in service, Sandia provides the Transportation Safeguards Division with day-to-day operational engi-
neering support tor all major elements of the system, including safe secure trailers, armored tractors, the
mobile communications system, and the secure communications command/ control center. Sandia
is also responsible for the design, prototyping, fabrication, testing, validation, and subsequent imple-
mentation of all upgrades associated with these subsystems. In addition, we provide the Transportation
Safeguards Division with analytical support for long-range planning, security analysis, and probabilistic
risk assessment; fleet maintenance support; and support for small-quantity production runs.

Accident Response Readiness

sandia provides technical support to DOE for its mission of developing and maintaining readiness
to respond to accidents involving nuclear weapons. Sandia participates in the readiness mission
carried out by the DOE Accident Response Group. The primary support provided by Sandia in
the event of an accident is the ready availability of nuclear weapon, nuclear weapon safety, and
health physics experts, all of whom are specially trained to support field efforts for the safe recovery
of damaged nuclear weapons. Sandia also provides specialty equipment for use in these endeavors.
Insupporting the Accident Response Group in maintenance of a readiness capability, Sandia assists
in the development and presentation of training for its members, the development of field equipment
for use in weapon recovery operations, systems program planning, the planning and implementa-
tion of field exercises, and the nuclear safety evaluation of specialized equipment and procedures.
We are actively developing systems using proven, modern methodologies and technologies to
provide greater operational flexibility, safety, and training and exercises that are comprehensive and
cost-efficient. One near-term example is development of a field system known as the Portable [nte-
grated Video System, which provides remote observation and recording from a command post
several kilometers away. Longer-term activity is to incorporate this kind of technology into an inte-
grated, interactive multimedia training system. This capability would allow for visual simulation of
weapon accident exercise scenarios that incorporate multiple recovery activities and allow exercise
simulation training for all personnel. In addition, remotely controllable robotic technology is being
adapted to systems for access and observation to reduce the personnel hazard of recovery operations.

Radiological Assistance Program

The Radiclogical Assistance Program (RAP) at Sandia maintains the capability to respond to on-site
and off-site radiological emergencies as part of the DOE Region 4 Radiological Assistance Program.
The DOE Region 4 is applicable to the states of Arizona, Kansas, New Mexico, Oklahoma, and Texas
as well as the Waste Isolation Pilot Plant transportation corridor. The Sandia RAP would respond, if
called to do so, to any radiological emergency inany DOE region regardless of the magnitude of the
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emergency. RAP would respond to transportation accidents or nuclear power plant eimergencies, and
in the event of a nuclear weapon accident or incident where the DOE Accident Response Group would
be deployed, they would provide support to help mitigate any radiological hazard associated with
the emergency. RAP also provides support to the DOE Accident Response Group training and
CXLTCise programs.

Extraordinary Envirunment, Safety, and Health Activities

In the area of “extraordinary ES&H (Environment, Safety, and Health) activitics,” one-time corrective
actions to sites and facilities are undertaken to correct ES&H problems associated with past progratms
funded by Defense Programs to bring them into compliance with current ES&H standards. These
corrective actions do not meet the funding criteria for those tunded by the Assistant Secretary of
Environmental Restoration and Waste Management. Rather, they are the responsibility of the
Deputy Assistant Secretary for Military Application. Included herein are items such as identification
of deficiencies, establishment of initial Quality Assurance, audit, and programs to measure and
assure that corrective actions meet requirements, Examples of recent activities include asbestos
abatement, installation of fire protection systems, monitoring of wells in remote sites to determine
damage done by septic tanks, removal of inactive underground oil storage tanks, decontamination
of buildings scheduled for decommissioning, and clean-up of former waste sites.

Consolidation of Tritium Activities

In order to alleviate concerns over local environmental issues and at the same time reduce long-term
cost to the nuclear weapons program, we will support the centralization of tritium-related rescarch and
development activities at other DOE facilities by decommissioning the Tritium Research Laboratory at
Sandia/California and performing the work necessary to move it from the present low hazard
(Category [11) nonreactor status to a nonnuclear status. This work includes maintaining the DOE
Defense Programs mission capability, reducing the accountable tritium to zero, relocation active exper-
iments to other DOE facilities, reallocating excess equipment, and planning and documenting all
cleanup and transition activities. Normal operations will be maintained until the tritium mission
is ended by the DOE.

Education Outreach

‘The education activities supported in this budget category are covered in the section for the
“Otfice of Science Education and Technical Information” on page 7-80.

Nuclear Emergency Search Team (GB010305)

"The Sandia Nuclear Emergency Search Team effort has historically been focused primarily on mitiga-
tion of radioactive acrosols generated during violent disablement of improvised nuclear devices, pre-
dicting the consequences of such dispersals, devising methods of rendering improvised nuclear devices
safe, and developing field-portable methods of determining the type of explosive in such a device.

More recently, Sandia has been assigned the responsibility to develop a program to provide
training for all people involved in a Nuclear Emergency Search Team field response and inassuring
that these people are knowledgeable in their responsibilities and duties. A considerable partion of
the effort in the past year has been dedicated to getting this training program started.

World events have exacerbated nuclear terrorism concerns, and the budgetary requirements
package for future years identifies a need for additional funding and delineates the expansion of
the Nuclear Emergency Search Team effort that would occur if this increased funding occurs.
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Test and Experimental Capabilities (GB0104)

Sandia is the lead DOE laboratory tor aboveground test simulation of radiation effects and certification
of nuclear weapons to operate reliably in hostile radiation environments. We integrate experimentation
and computational simulation in support of radiation effects testing, radiation transport, diagnostics,
analysis, and computation development to certify electronic components to operate in hostile
radiatiop environments.

As a consequence of recent budget cuts in the Test program, support of the core capabilities at
the Nevada Test Site has necessarily been reduced. The reduced capabilities maintain Nuclear Testing
Safeguards consistent with DOE directives and the continuation of the testing moratorium
announced by President Clinton. Sandia will support the Los Alamos and Lawrence Livermore
hydrodynamic experiments and will maintain the capability to resume underground nuclear test-
ing in eighteen months if directed.

Looking to the future, Sandia is consciously shifting resources from underground nuclear testing to
aboveground simulation, With the permanent loss of underground testing in October 1996, Sandia’s
aboveground capability will be the strong link in ensuring that the enduring stockpile remains surviv-
able. As such, every effort is being made to enhance the aboveground testing program and to collaborate
with the key agency within the DoD (the Defense Nuclear Agency) that has similar mission requirements.

Test Simulation and Aboveground Experiments

Sandia’s radiation effects testing program certifies that weapon components and subsystems will
tunction reliably in the hostile nuclear burst environments that may be encountered in its specified
stockpile-to-target sequence. These threats include the nuclear radiation outputs of x-rays, gamma
rays, and neutrons. Formerly, we employed a combination of aboveground testing, analysis, and
underground testing for this development and certification process.

A recent presidential directive extends the moratorium on underground nuclear testing,
However, stockpile improvement programs, including upgrades in safety and reliability, will need
to be certified to operate in hostile radiation environments. Moreover, it is extremely important
that single-mode failures be avoided in the much smaller stockpile of the future.

Sandia’s radiation facilities are recognized as national resources for high-fidelity simulation of
nuclear weapon effects. Our aboveground experimental facilities, the Saturn and HERMES 111
accelerators and the SPR-11Tand Annular Core Research reactors, are primarily used to simulate
X-ray, gamma ray, and neutron environments. Saturn and HERMES HT are pulsed power machines
that generate low or high voltage bremsstrahlung, electron beams, or radiation from plasma sources,
andare used to simulate the x-ray and gamma ray portions of conventional nuclear weapon threats,
We test strategic reentry vehicles, missile and satellite components and subsystems, and tactical
subsystems and systems in these simulated x-ray and gamma ray environments.

The Annular Core Research Reactor is a pool-type reactor with an annular-shaped core formed
around the dry, central irradiation cavity. The spectrum and timing of the reactor is representative
of most endoatmospheric engagements. The reactor is also used to simulate high-level gamma
environments. It is the only facility in the United States capable of properly simulating a fireball
fly-through for total dose. The SPR-111 fast pulse reactor is an unmoderated cylindrical assembly
of fully enriched uranium alloyed with 10 percent molybdenum. These facilities are major, unique
aboveground experimental capabilities and are used to test the hardness of the stockpile.,

Weare not, however, able to certify future or reconfigured strategic systems without underground
tests. In 1991, we began a program in cooperation with the Defense Nuclear Agency to assess our
ability to correlate aboveground and underground test results for electronic systems and extrapolate
them to realistic hostile environments. The goal of this work is to develop a test protocol for certitying
nuclear survivability without underground testing.
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Toreach this goal, we will need to improve our aboveground testing capabilities, including rise
time, pulse width, and Huence in Saturn and HERMES L and build a new x-ray simulation facility
to cover testing that now can only be conducted underground. This new facility, Jupiter, will bea
cold and warm x-ray source that would permit testing of materials and structures currently possible
only with underground testing.

The Jupiter x-ray simulation facility will generate 20 megajoules of x-rays using a plasma radiation
source, The plasma radiation source will be controlled to provide excellent testing capability at 8
thousand electron volts and below, and good capability at 14 thousand clectron volts. [t will also
have weapons physics research applications, x-ray physics testing with 5-20 megajoules of thermal
x-rays, and will provide the next reasonable developmental step toward an x-ray source capable of
testing large systems. Materials survivability testing in hostile x-ray environments is an arca that
has only been approached in a underground testing, Jupiter is key to future evaluation of materials
in X-ray environments under a test moratorium.

Even with these improvements in our aboveground testing capabilities, testing for thermonuclear
weapon effects in full reentry vehicle or reentry body structures could not be accomplished. Neverthe-
less, by enhancing our aboveground testing capabilities and constructing the Jupiter aboveground test-
ing facility we believe that we can certify weapon nonnuclear subsystems without underground testing.

Nevada Test Site Core Capabilities

Sandia maintains underground testing core capabilities in support of both weapons safety and
reliability tests and DoD-sponsored weapon-effects reliability tests. Since a moratorium will continue
to be in etfect indefinitely, these core capabilities are being maintained to support the Nuclear Testing
Safeguards sanctioned by Congress. These safeguards require that DOE maintain the scientific
resources and technical capabilities to resume underground tests if directed. Test capabilities will
be kept in a state of readiness consistent with Nuclear Testing Safeguard requirements to support
hydrodynamic experiments and resume underground nuclear testing in eighteen months.

The principle core capability supporting the Nevada Test Site is in the arming and firing systems
used in every test. These systems for DOE safety or reliability tests, including complex multiples, are
provided and fielded by Sandia. Additionally, the arming and firing systems for DoD-sponsored
reliability tests, including integration with the closure systems and experimenter firing and timing
requirements, are also provided and fielded by Sandia_ In each case, an inventory of the required
electronics, power supplies, supporting hardware, and limited-life components is maintained to
ensure that all planned tests are fully supported and may be executed without delay.

The core capability to design, fabricate, and field closures for the DoD-sponsored tests is now
being jointly supported by the Defense Nuclear Agency and Sandia. This capability is critical, both
to protect effects experiments and to ensure that containment is successful.

The core capability for ground motion and seismic measurements on all DOE and DNA
(Defense Nuclear Agency) tests is maintained by Sandia. Additionally, DNA and Sandia jointly
support containment diagnostics, developed and fielded by Sandia, for DNA weapon effects tests
involving horizontal line-of-sight pipe flow measurements, stemming response, fast closure per-
formance, ground shock, air blast, cratering, and free-field ground shock measurements.

Laboratory Underground Test Core Capabilities

Rounding out the core capabilities at the Nevada Test Site that are critical to performing underground
testing is the instrumentation group. The Sandia Data Acquisition System and its supporting personnel
ensure the execution of any Defense Nuclear Agency-sponsored effects test. Weare currently imple-
menting a nuclear ettects safeguards program to make repairs and improvements that can enhance
quality, maximize efficiencies, and improve system pertormance, while minimizing the impact on
costs, stafting, and schedule.
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Stockpile Stewardship Support

The aboveground and underground testing capabilities at Sandia are utilized extensively in the
developmental phases of every nuclear weapons system in the stockpile to build-in hardness and
survivability. Once systems are in the stockpile, they are subject to a detailed surveilfance program
that has historically identified a number of new problems cach year that must be corrected. When
the corrective action requires replacement of a component within a system, then that component
is certified to the integrated hardness level required for the system, primarily using Sandia’s
aboveground testing capabilities.

In the future, with a significantly smaller stockpile, the survivability of cach system will be even
more critical. Theretore, maintenance actions will be dependent on the aboveground testing capa-
bilities at Sandia to ensure that the stockpile remains hard and survivable.

Additionally, a prudent program being examined is a periodic verification of the certified
radiation hardness of stockpiled systems. Such a program was sponsored for carlier systems, the
Mark 3 and Mark 4, and ensured that they would operate as required. Knowing that the stockpile
life span of a weapon system will be much greater than the current twenty-year average places
additional responsibility on surveillance to ensure that no “surprises” develop that are not obvious
with current nonradiation testing.

Technology Transfer Initiative (GB0106)

Technology transfer is a congressionally mandated
mission of the DOE national laboratories. The Defense
Programs Technology Transfer Initiative carries out
this mandate by sponsoring the transfer of technologies,
skills, and know-how between the DOE nuclear
weapons complex and the private sector. The goal is to
make certain nonnuclear technologies available to
U.S. private industries in a manner that will help
strengthen the core competencies of DOE Defense
Programs and enhance the competitiveness of U.S,
industry. The initiative supports Sandia’s participation
in cooperative research and development agreements
with individual companies and other cost-shared col-
laborative projects involving entire industries, There
are currently five major areas of focus,

Advanced Manufacturing
and Precision Engineering

Sandia’s mission of implementing the nation’s nuclear
weapon policies involves rescarch, development, and
testing related to nuclear weapons, arms control, and
weapon surety. Sandia works closely with production
plants during and after development to ensure that
designs will be manufactured cost-cftectively and that
products will meet design intent.

Jim Novak adjusts a Sandia-developed sensor system that will speed the Asa result of this work, Sandia has developed a
brazing of tubes for a rocket engine thrust chamber and save material suite of manufacturing capabilities that allow it to
costs. This process technology developed in the nuclear weapons program rcsp(md toa \‘aricty of national needs. Ce operative
is being transferred to industry. rescarch and development agreements in the area of
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advanced manufacturing and precision engineering focus on manufacturing systems design and

development, manufacturing processes, computer-integrated manufacturing, machine tool design,
precision measurements, precision engineering, and instrumentation and sensing, Critical industries
targeted tor FY 1994 include automotive, acrospace, machine tools and machine tool utilization, and
lithography and lithographic equipment for both semiconductor and flat-panel display manufacturing,
Several companies are already working with Sandia on specific projects in these arcas, as shown

in the table.

Technology Transfer Initiative Participants in Advanced Manufacturing and Precision Engineering

_ Company

Amax Plating, Inc.

AT&T

City of Albuquerque

(ray Research

Digital Instruments

General Motors

General Motors

Kaehr Plating & Metal Finishing
Pratt & Whitney

Pratt & Whitney

Precision Fabrics Group, Inc.
Rocketdyne

University of New Mexico

Technology

Electrop.ating process control

Noncontact atomic level interface force microscope

Volatile organic monitor for industrial effluents
Environmentally safe manufacturing of printed wiring boards
Noncontact atomic level interface force microscope
Knowledge-based system for materials selection
Simulation & analysis of robotic assembly devices & fixtures
Electroplating process control

Automated surface and edge finishing

Intelligent processing of thin-section welded assemblies
Lightweight safety restraint

Intelligent processes for welding, machining, and assembly
Noncontact atomic level interface microscope

High-Performance Computing and Applications

Sandia’s computational science research is aimed at developing massively parallel computing

methods and a software infrastructure for parallel computing. Advanced computing technologies

will play a critical role in the future of U.S. national defense and economic security. Cooperative
research and development agreements in this area focus on high-performance computing and

networking, simulation and modeling, pattern recognition and image analysis, and high-density
data storage and transmission.

Technology Transfer Initiative Participants in High-Performance Computing and Applications

_ Company

Amaoco Oil Company

AT&T

BIOSYM Technologies
BIOSYM Technologies

Fluid Dynamics International
Ford Motor Company
MacNeal-Schwendler Corp.
PDA Engineering

Photonics Imaging

Simulation of residual oil hydroprocess units
Experimental high-speed network test bed
Mathematical libraries for modeling materials
Molecular design of polymer alloys

Sandia mesh-generation computer software
Sandia mesh-generation computer software
Sandia mesh-generation computer software
Sandia mesh-generation computer software
Plasma flat-panel video monitors
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Energy and Environment

Sandia implements the National Energy Strategy by researching and developing concepts tor
increasing efficiency in energy utilization, storage, and transmission and by ensuring future energy
supplies through improved recovery techniques, conversion technologies, and the development of
alternative energy sources. Sandia has developed extensive ties with industry and universities in this
work. Cooperative research and development agreements in these areas sponsored by the Defense
Programs Technology Transfer Initiative involve environmentally conscious manufacturing tech-
nologies that minimize the generation of wastes at the source, systems integration technologies
(including life-cycle design, materials recycling, and value-impact assessments), environmental
characterizations and monitoring instrumentation, nonintrusive diagnostics and controls, energy
conservation, and emission control technologies.

Technology Transfer Initiative Participants in Energy and Environment

_ Company . Technology
General Motors Reduction of nitrogen oxide emissions
General Motors Engine fluid condition monitors
RiMtech Borehole radar imaging technology

Materials and Processes for Manufacturing

Cooperative research and development agreements in the area of materials and processes for manu-
facturing focus on the development of new materials and material processing techniques, as well as
the characterization and certification of advanced materials. Some projects involve the development
of materials and processes used in the manufacture of aircraft engines and the application of Defense
Programs joining technology to aerospace and aircraft industry needs.

Technology Transfer Initiative Participants in Materials and Processes for Manufacturing

_ Company

Aluminum Company of America

Processing of aluminum alloys

Amoco Chemical Co. Polymeric non-linear optical meters and devices
AT&T Gold-sulfite electraplating

Carpenter Technology Joining technology for borated stainless steel

Dow Corning Corp. Micro-engineered materials

Dupont Diamond reinforced composites

GE Superabrasives Synthetic diamond substrates

General Motors High-temperature electronics

General Motors Intelligent systems for induction hardening processes

General Motors

General Motors

GeoCenters

Natl. Center for Manufacturing Sciences
Natl. Center for Manufacturing Sciences
Norton Co.

Light-weight material for automotive applications
Thermal spray technology for cylinder bore coatings
Intelligent sensors for composite materials manufacturing
Prediction models for distortion

Wiring board interconnect systems

Large area polycrystalline diamond substrates

Permacharge Microcellutar foam filtration media
TN Technologies Mercuric iodide sensor technology
Xsirius inc. Mercuriciodide sensor technology
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Microelectronics and Photonics

Because microelectronics is critical to the development of components for nuclear weapons, Sandia
conducts research to understand the fundamental electrical, mechanical, magnetic, and structural
properties of electronic materials and explores new techniques for fabricating and selectively altering
thin-film layers, surfaces, and surface regions to aid in controlling the properties of microdevices.
Wealso pursue research and development in compound semiconductors such as gallium arsenide
and indium arsenide, materials that will play a greater role in future weapon systems for improved
safety and use control.

Technology Transfer Initiative Participants in Microelectronics and Photonics

Company Technology
Advanced Micro Devices New integrated circuit manufacturing technologies
Alpha Industries Manufacturing of monolithic microwave memories
Analog Devices Microelectronics quality reliability center
AT&T Projection x-ray fithography using a laser plasma source
Charles Evans & Associates Advanced detector for light element profiling
Conductus Confocal resonator imaging systems for surface assembly
Hewlett Packard Advanced manufacturing techniques for optoelectronics
Hewlett Packard Field emission source with phosphor screen
Hewlett Packard Properties of visible light-emitting diodes
Hewlett Packard Wafer-fevel accelerated reliability testing software
J.W. Harley Fiber optic hydrogen sensing
LAM Research Corp. Advanced intermetal dielectric technology
LSi Logic Development of failure analysis for integrated circuits
Microelectronics & Computer Technology Field-emission flat-panel display
National Semiconductor Characterization of silicon gate oxides
Radiant Technologies Ferroelectric read/write optical disc
Radiant Technologies Nondestructive readout nonvolatile memories

Schiumberger Technologies
Schumacher Inc.

Failure analysis system for integrated circuits
Chemical vapor deposition of copper

SEMATECH Benchmarking microelectronics and manufacturing equipment
SEMATECH Contamination-free semiconductor manufacturing

SEMATECH Semiconductor equipment reliability, modeling, and design
Signetics (Characterization of failure analysis for integrated circuits

Texas Instruments Chemical vapor deposition of copper

Texas Instruments Semiconductor plasma processing

Thunder Scientific Fabrication of porous silicon humidity sensors

University of New Mexico Fabrication of microreactors in siticon

Watkins-Johnson

Chemical vapor deposition of copper

A competitive domestic microelectronics industry is vital not only to U.S. national security but to

the U.S. economy in the broadest sense. A major concern is the length of time required to effectively
translate research developments into manufacturing advantages. Sandia is involved in numerous
cooperative research and development agreements to speed up this process.

In addition to cooperative research and development agreements involving individual companies,
Sandia’s work under the Defense Programs Technology Transfer Initiative also supports cost-shared
collaborations that involve large segments of specific industries or consortia. Three examples of
such collaborations include:
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Specialty Metals Processing Consortium—Thc primary goal of the Specialty Metals Processing
Consortium is to conduct research that will improve the technology base for melting processes
used in the specialty metals industry. The purposes of this research are to assist the U.S. specialty
metals industry and to strengthen the nation’s industrial base. The program will support Sandia’s
participation in a joint, five-year program with industry and universities. An interdisciplinary

team comprising Sandia experts, industrial interns and students, will study generic problems of
melting processes such as vacuum arc remelting, electroslag remelting, and electron beam melting,
Developments will be evaluated with industrial experiments at consortium member plants.

FASTCAST™ —FASTCAST™ is a Sandia program to rapidly produce investment cast pro-
totype hardware. The program is structured to support Sandia organizations that design and
fabricate hardware for internal and external customers. The technical goal of the program is to
integrate experimental and computational technologies into the investment casting process.
The effort should reduce the time required tu produce prototypical castings from fourteen weeks
to possibly three weeks. The work involves developing the experimental rules to design gating
systems, integrating those rules into a database, verifying computer models to predict casting
processes, and developing a database of material properties as they relate to investinent casting,

Sandia capabilities in investment casting include an airtoil-quality ceramics laboratory for
mold preparation, a rapid prototyping laboratory for wax pattern production, a vacuum foundry,
extensive diagnostic and computational capabilities, and state-of-the-art materials research
facilities. Over the past three years, Sandia has integrated these technologies into a comprehensive
base to support investment casting process research,

Semiconductor Equipment Technology Center — Sandia’s Semiconductor Equipment
Technology Center (SETEC) applies research in reliability modeling and process technology
to the development of new integrated circuit production equipment by U.S. manufacturers.
The objective of this microelectronics technology and benchmarking project is to strengthen
the infrastructure of the semiconductor manufacturing industry. The work is in collaboration
with SEMATECH, a consortium involving the federal government and major U.S. semicon-
ductor manufacturers.

Inertial Confinement Fusion (GB02)

Funding for inertial confinement fusion has provided the principal pulsed-power technology and
facilities for our exploration of inertial fusion as a future x-ray source for nuclear weapon effects
testing, weapon physics studies (in collaboration with Los Alamos and Lawrence Livermore national
laboratories), and fusion power production.

The low costand high efficiency of the pulsed-power approach to inertial fusion have permitted
unique megajoule-class facilities to be constructed and utilized for inertial confinement fusion rescarch,
Two of these facilities, the Particle Beam Fusion Accelerator I (PBFA 1) and Proto 11, have tulfilled
their original research purposes and have been converted into new machines, Saturn and Proto 11
— major national facilities for nuclear weapon effects simulation, x-ray atomic physics research,
radiation flow rescarch, and survivability testing.

Pulsed power isa core competency of Sandia. Applications contribute to national security today
as we develop the pulsed-power-driven light-ion approach to inertial confinement fusion for even
greater utility. The lower cost per unit energy of light ion beams, as compared to lasers, offers potential
savings for the Laboratory Microtusion Facility (LMF), a future aboveground testing facility that
will provide a thermonuclear yield exceeding 500 million joules. The fundamentally different x-ray
production mechanism with light ions provides prudent risk management of potentially severe
laser-plasma interactions in the hohlraum for the laser approach to inertial confinement fusion.

Institutional Plan FY 1994 - 1999



Jimmy Ryan cleans a cathode as part of routine maintenance between accelerator shots at PBFA Il (Particie Beam Fusion Accelerator I1).
The machine uses short pulses of energy aimed at a central fuel target to study nuclear fusion. The technology grew out of weapon-

effects studies and is now helping researchers investigate controlled fusion as a possible energy source.

Our responsibilities include technical direction of all DOY-funded activities for the light-ion
inertial confinement fusion approach. Sandia directs light-ion efforts in accelerator development,
intense ion-beam generation and transport, beam focusing, beam-target interaction, radiation
production and symmetrization, and target hydrodynamics.

Sandia’s Particle Beam Fusion Accelerator [T (PBFA 1) is the world’s most powertul particle
accelerator and is being used for ion-beam-driven target experiments. The SABRE accelerator
cnables us to develop the beam generation and transport techniques which are in the geometry
needed for high yield. This work is determining the feasibility and cost-effectiveness of the light-ion
approach for the Laboratory Microfusion Facility.

Recent experiments give us confidence that a 500-megajoule laboratory source of thermonuclear
radiation may be obtainable through inertial confinement fusion if six major technology milestones
can be further developed and integrated.

1. Multimodular synchronized pulsed power was developed in FY 1988,
2. Intense ion-beam generation and focusing were advanced in FY 1989 with the completion
of the five-terawatt-per-square-centimeter major milestone.

3. The plasma opening switch met its milestone in FY 1990,
4. Thelithium ion source decision milestone was met in FY 1990,
5. Beamdivergence has been reduced from about forty milliradians to about twenty milliradians

in FY 1992 and 1993, and a unified understanding of beam focusing has been achieved.

6. High-quality, radiation-dominated target experiments with ion-heated hohlraums began
in FY 1992 with focused prown beams, and were extended considerably in FY 1993 with
focused lithium beams. In FV 1992, beam-target interaction experiments were completed
at 120 trillion watts/gm. In FY 1993, this level was increased to 700 trillion watts/gm,
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Advances in the science of ion-beam generation, beam focusing, and target experiments were
reviewed ina 1993 “go/no-go” decisional review in March 1993 by the Inertial Confinement Fusion
Advisory Committee. The committee found that “the quality of science in the light ion inertial
confinement fusion program has been increased, as evidenced by the real progress.” The commit-
tee endorsed Sandia’s broad science program for inertial confinement fusion.

The near-term goal of the program is to establish the feasibility of inertial confinement fusion
using ion beams produced directly from a pulsed-power generator. This goal will be approached
through target experiments on PBFA 11, SABRE, Hermes 111, and supporting experiments at the
collaborating institutions, Cornell University and the Naval Research Laboratory.

In the intermediate term, we will continue to collaborate with other DOE laboratories to assess
the potential of the National Ignition Facility for ignition and gain in the laboratory with a glass-laser
driver. Sandia is participating in the conceptual design, and Sandia’s contributions to this effort
include pulsed-power conditioning, design of the target chamber, and development and integration
of radiation-hardened target diagnostics, as well as work on internally pulse-shaped targets for
ignition and gain.

The longer term, fifteen- to twenty-year goal of the program is to provide the driver for a Lab-
oratory Microfusion Facility for the Oftice of Military Application in the first decade of the next
century. Plans for technology development of a Laboratory Microfusion Faciiity using SABRE
and Hermes I1] have been presented to the Inertial Confinement Fusion Advisory Committee.
Ultimately, the low cost and high efficiency of the pulsed-power approach may provide fusion
power generation for electricity.

Stockpile Support (GB03)

Stockpile Support is divided into three major, interrelated thrusts. These thrusts are (1) maintaining
stewardship of the stockpile, (2) preserving and modernizing a design and manufacturing capability,
and (3) assisting DOE with several change initiatives, including dismantlement, privatization of
component manufacturing, environmentally conscious manufacturing, and migration toward the
reconfigured complex. Success across all fronts requires a sound investment strategy that preserves
the foundation of nuclear design and manufacturing capability.

Stockpile Stewardship
Weapons System Engineering

The U.S. nuclear weapons stockpile continues to evolve in response to dramatic changes in global
security. New weapons are not expected to be introduced into the stockpile in the near future, and
stockpiled weapons are being reduced or eliminated, which will result in a stockpile that is significantly
smaller but with greater expectations for surety, reliability, and longevity to maintain the U.S.
nuclear deterrent.

The public’s expectations for safety, security, and environmental protection in all phases of manag-
ing the nation’s nuclear weapon stockpile continue to evolve to higher levels. Supporting this evolving
stockpile in an era of declining budgetary resources demands that Sandia be innovative and efficient.

Stockpile support involves two broad activities: maintenance and appropriate improvement
of those weapons that will remain in stockpile; and dismantlement and disposal of those weapons
that are excess to national nuclear deterrent requirements.

Weapons will most likely remain in stockpile well beyond their original design lives. Weapon
delivery systems will evolve in response to technology advancement, budgetary constraints, obsoles-
cence, or treaty actions. These changes will necessitate continuous assessment of the surety, military
effectiveness, delivery system compatibility, and longevity of the stockpile, which will be accompanied
by programs that evaluate and implement value-adding improvements.
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Specifically, recent reductions and changes in our strategic nuclear forces have dictated changes
to the intercontinental ballistic missile force structure that may stretch out until 2003. By then, the
force will be configured entirely with Minuteman I missiles loaded with single warheads. During
the interim, several warheads need to be qualified to the new environments associated with single
reentry vehicle loads on the Minuteman Il missile.

A similar restructuring is scheduled for submarine-launched ballistic missile warheads, air-deliv-
ered strategic weapons, forward-deployed weapons, and Navy fleet weapons. All of this redeployment
activity will require certain alterations for reduced maintenance and special initiatives that will provide
an adequate quantity of storage containers as weapons wait for redeployment or dismantlement.

Concurrently, some limited-life components will be replaced to extend the interval between
changes. Product improvements (to maintain surety, reliability, and longevity) will be the principal
activity for the foreseeable future, as exemplified by the current change-out of radars and trajectory-
sensing signal devices in several nuclear bombs.

Support of the stockpile will also have to be compatible with the changing infrastructure of the
military services. Base closures and consolidations and the overall reduction of service personnel
will have a significant impact on the services’ capability to maintain the stockpile and implement
improvements. Our maintenance and improvement programs must remain compatible with the
services’ capabilities.

Weapons in excess of national needs for nuclear deterrence require similar oversight to maximize
the safety and surety from the time they are designated for retirement until their constituent compo-
nents are disposed of. The limited capacity to dismantle nuclear weapons means that some weapons
with older, limited surety features will remain assembled for many years. Safe storage and transporta-
tion of these weapons is one of our primary concerns. Qur limited understanding of the constituent
materials in some of the older weapon systems will limit the capability to dispose of the components
that make up those weapons. It is our responsibility to provide engineering expertise and oversight
to DOE to overcome these limitations to help achieve the national dismantlement goals.

Military Liaison

In the area of military liaison, the surety and effectiveness of the nuclear stockpile remain crucial
to U.S. security. Sandia’s stockpile stewardship has ensured this surety and effectiveness for more
than forty years. However, as a significant portion of the stockpile is retired and the remaining
portion is structured for a new era, the pace of new challenges and the activities to address them
are accelerating rapidly.

Serving as the DOE focal point for integrating military operational needs and surety requirements
is part of Sandia’s mission. In support of maintaining stockpile integrity, we provide a broad range
of quality support services to ensure that the stockpile remains safe, secure, reliable, and maintainable.
Sandia is the recognized leader of operations, maintenance, and logistics for nuclear weapons from
concept through dismantlement.

We provide stockpile support through classroom and field training in weapons handling for
Department of Energy, Department of Defense, and laboratory personnel. Scheduled training
classes are provided to Dol) weapons instructors, operational staff, and maintenance technicians.
Weapon refresher training is also provided to DOE personnel and other Do) personnel. We
maintain a staff of trained instructors ar .t modern training facilities for this purpose.

Sandia writes, produces, and supports over 200 technical manuals for DoD operational elements
on how to use, maintain, inspect, and transport nuclear weapons. By using a new publication system
that complies with the requirements of the Do) Computer-aided Acquisition and Logistics Support
(CALS) system, we will reduce costs while improving timeliness and quality of our technical publi-
cations. We also produce a variety of video tapes to aid instructors in weapon maintenance, special
repair procedures, and permissive-action-link operations. Sandia’s military liaison group represents
DOE on the Joint Nuclear Weapons Publications System (JNWPS) Council.
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The nuclear stockpile is getting smaller, but intensive training of U.S. and Allied military personnel who maintain the stockpile and
handle nuclear weapons is an enduring requirement. Sandia’s Military Liaison activity routinely conducts such training for military
instructors. Here, Sandian Don Benoist conducts a class for U.S. Air Force personnel.

New deployment postures require moreattention to the stockpile. Limited-life components are now
being exchanged in the field using new equipmentand procedures that improve reliability and safety.

Sandia’s stewardship activities reflect increased concern for the environment. Maintenance
procedures have been revised to eliminate hazardous materials, and better containcrs are being
designed for transporting components that contain radioactive materials, making operations in
the field as safe as possible for both personnel and the environment.

These activities must keep pace with the rapid changes taking place in the world — changes
that will continue to evolve and redefine the old meaning of stewardship. Thus, Sandia will continue
to meet its responsibility to the nation for the surety and effectiveness of the nuclear stockpile.

Independent Assessment of Nuclear Safety

The first priority of the weapons program at Sandia is to assure nuclear detonation safety in the
design, development, production, and military deployment of nuclear weapons. The highest
levels of nuclear safety assurance are achieved by a process in which independent safety assessments
are conducted by organizations and personnel expert in nuclear weapon design and nuclear safety
disciplines. A strategic goal is to provide increasingly comprehensive assessments of nuclear safety
from system concept through warhead retirement.

Weare committed to the concept that nuclear safety at the system level starts with safety features
in the nuclear weapon that prevent unintended detonations in normal operating environments
and in credible accident environments. The independent assessment function for weapon safety is
focused on evaluation and implementation of design safety themes and the quality of safety-critical
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weapon components. This activity supports both the development of new weapon design concepts
and safety upgrades in the enduring weapon stockpile. This evaluation requires unique test and
evaluation prograras to determine the response of components and systems to normal and abnormal
environments, including fires, crashes, lightning, and so forth.

The variety of nuclear weapon systems and the environments encountered in system operations
complicate the nuclear safety assessment process. The matrix of conditions includes multiple weapon
configurations and launch platforms, numerous locations that may be scattered worldwide, many
procedures involving a wide variety of personnel and special equipment, and exposure to a myriad
of energy sources. It is a continuing challenge to recognize where the greatest potential for enhancing
nuclear satety exists and how enhancements are to be best implemented,

We recognize our responsibility for comprehensive nuclear safety assessment of nuclear weapons
and continue to take the initiative in joint DOE/DobD assessments of nuclear safety. Future efforts
will include the further development of methodologies for conducting safety assessments of complex
systems and gathering important system-related data to support these assessments.

Sandia possesses unique experience and capability in safety cvaluations and in the testing and
analysis of weapon and system response in complex and abnormal environments. This capability will
continue to be supported by an extensive nuclear safety test and evaluation program, the development
of evaluation methodologies, and an expanding information base on nuclear safety technology and
methods. Information will continue to be integrated into a state-of the-art, multi-media database.
This information system will provide the basis for training the cadre of personnel responsible for
nuclear explosive safety and for the transfer of nuclear safety technology into the private sector. This
unique experience and information system will also continue to support nuclear accident response
activities and cooperative efforts with Russia and other countries of the former Soviet Union.

Quiality Assessment and Engineering

Sandia conducts quality evaluation and qualification of weapon designs, weapon hardware (parts,
apparatus, components, assemblies), associated software, controllers, field handling and test
equipment, and joint test systems hardware and software during design, production, and after
production has begun whenever significant changes occur. We perform acceptance of product
and maintenance of records for Sandia-procured product. We administer a Qualification Evalua-
tion Information Center to maintain a database of the qualification history and lessons learned.

We kel develop quality plans, furnish support to suppliers, provide service to development groups,
and conduct supplier surveys and audits. We conduct process evaluation as well as product evaluation
by characterizing the manufacturing processes and equipment, especially process transfers and
new suppliers. We also qualify acceptance equipment, testers, gages, and associated software. We
conduct internal quality assessment against our sponsor’s quality criteria for production activities
and research and development (test and evaluation) reviews within the Laboratories. Our goals
are to assure that the product will meet the requirements of the intended use, and that acceptance
equipment adequately supports achieving this product goal.

Sandia also conducts weapon quality process activities and software quality development and
evaluation. Our quality activitics are incorporated into the weapon design and development process
using early involvement, new quality tools, and team concepts. We have established, and continue
to develop, a software management program to ensure that a consistent approach is applied to the
management of all software assets being acquired, developed, supported, and used.

Our goalis to establish good business practices to encourage organization-specific, results-
oriented software management plans that promote software improvementand incorporate concepts
of software quality assurance and software quality control. We help guide software project designers
through software engineering processes to produce quality product. In-house software engineering
courses are offered and software guidelines are promoted. We plan to establish a software metrics
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methodology for war-reserve embedded computer systems. The results will be integrated into the
overall reliability of the system and ultimately used to improve the software reliability of the
enduring stockpile.

Stockpile Surveillance

Sandia conducts an independent assessment program to verify that the reliability and safety of the
nuclear weapons in the stockpile are maintained at the levels required by the departments of Energy and
Defense. The entire testing and evaluation program is formulated by a joint Sandia/DOE/DoD team.

Nuclear weapons are selected from the stockpile, returned to DOE'’s Pantex plant, denuclearized,
instrumented, and then tested. Some are exercised at environmental extremes in the Weapons
Evaluation Test Facility at Pantex. Others are shipped to DoD sites, mated to their delivery systems,
and flown in test flights. If problems are detected or failures occur, a team is formed to find the cause
of the anomaly, assess its impact, and recommend resolution. A data bank of all system tests and
problems is maintained to provide the proof-of-system reliability and safety dataas well as a record
for engineers to use on future designs.

Major changes to the stockpile surveillance program are being made to adjust to a smaller number
of weapons in stockpile and a declining budget. Handling, shipping, and disassembly costs will be
reduced by coordinating the selection of weapons to be tested with weapons operations such as
scheduled maintenance. Tests are being replanned to place more empbhasis on aging effects due to
the longer-than-expected lifetimes that will have to be maintained. A closer look at critical safety
components is being made, due to the growing concern with this issuc reflected in higher standards
of environmental safety and health.

More realistic test configuratic s are being generated in our effort to continuously improve
our ability to detect subtle problems in ultra-high-reliability systems. We are redesigning the
denuclearized test units for Weapon Evaluation Test Laboratory testing to be able to test more
than one type of weapon system. This capability will provide more flexibility during routine
maintenance, or breakdowns, and a more interchangeable, economical tester mix.

Weare responding to increased personnel safety requirements during test activities by performing
test operations safety reviews with independent assessors and by replacing test equipment built to
former, less stringent satety standards. The hydraulic-driven centrifuges at the Weapons Evaluation
Test Facility are being converted to electrical systems.

Our objective is to support a highly reliable and extremely safe stockpile with a lean, timely,
cost-effective, highly coordinated, and mutually beneficial stockpile evaluation program.

Manufacturing Capabilities
Engineering Information Support

Our objective of supplying engineering information systems merges existing and anticipated stockpile
support requirements with practical and cost-effective information technology. This mission is
challenged by the reality of a reduced stockpile and very limited new build opportunities. Modern-
ization of information systems, downsizing to more cost-effective platforms, and alignment to
industrial, national, and international standards is essential to meeting these future demands.

The goal of this program is to establish a “state-of-the-technology” design and unalysis capability
built on standard hardware and software products. Conformance to industry standards will assure
that solutions adopted today will maintain flexibility with options of tomorrow. Reduced time cycles
and operative cost reductions will be realized.

Engineering information support strategies are based on multifunctional teams. Agility and
economies of scope will allow the teams to apply their expertise to a heterogeneous computing envi-
ronment. Data will be managed, stored, and distributed on a network that is accessible from engineering
desktops. A structured effort to evaluate the processes of creating and sharing data will result in solutions
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aimed at global optimization consistent with established business plans. Our commitment to “concept-
to-product” systems using consensus software and hardware will eliminate the need to re-input
information and enable sharing of data across multidisciplined design and manufacturing teams.

Numerous initiatives are underway to realize the engineering information system vision,
Tools for mechanical design were identified by the ACCORD selection that focuses on a tightly
integrated solid-modeling foundation. This approach promotes the concepis of rapid prototyping
and early product visualization to contain cost in the development stage.

The NIRVANA tools for electrical design and fabrication provide the necessary flexibility and
infrastructure. Record-of-assembly and product test databases will migrate from mainframe systems
to smaller, less expensive, and more easily maintained workstation environments. Engineering
information created at Sandia’s New Mexico and California sites will be stored electronically at a
single location while allowing for managed access by both sites.

An electronic configuration management system is being developed to moenitor and control
design changes. Native electronic files and scanned images will be stored in an optical disc storage
system and allow for the off-line storage and recall of electronic drawings, documents, and models
to engineering workstations. An escalating trend is a shift from a secure computing network to
restricted and open environments that will facilitate the principles of concurrent engineering with
outside agencies thrc aghout the product development cycle.

Primary Standards

Sandia’s responsibilities also include providing primary physical, electrical, and radiation standards
for equipment calibration for the entire nuclear weapons complex. Sandia’s Primary Standards
Laboratory provides a metrology program to ensure accurate measurements for the nuclear weapons
program. In addition, it provides support for other DOE programs, government agencies, industry,
and universities. It develops and maintains primary standards that are traceable to national standards,
and calibrates and certifies customer reference standards. It also provides technical guidance, support,
and consultation; develops precision measurement techniques; provides oversight activities,
including technical surveys and measurement audits; and anticipates needs.

Development programs ensure the timely introduction of standards for new technologies. A
current development is the portable Josephson volt, which will permit this intrinsic standard to be
operated in many field applications, ensuring quantum-level accuracy on voltage standards, digital
dividers, and other ultra-precise test equipment.

Sandia’s Primary Standards Laboratory (PSL) performs over 2,000 calibrations of top-level
standards each year in more than 80 different areas of technology for the integrated contractor
facilities within the nuclear weapons complex. The standards laboratories at the various contractor
sites use these standards to perform as many as 300,000 calibrations a year on their own instruments.
Primary Standards Laboratory operations are being relocated to a new facility with state-of-the-art
environmental control.

The future focus of the Primary Standards Laboratory will include support for the reconfigured
nuclear weapons complex, advanced manufacturing initiatives, and new requirements in general oper-
ations, including environmental safety and health, security, and facilities. These demands will require
the PSL to develop new metrology disciplines, such as chemical and ionizing radiation standards.

This standards program ensures the accuracy of all the metrology equipment used in the
research, development, design, test, stockpile evaluation, and retirement of nuclear weapons.

Container Development and Production

In the area of Container Development and Production, the emphasis on safety and environmental
regulatory compliance will continue to increase for the foreseeable future. With this emphasis as a
driver, the need for accident-resistant radioactive material transportation containers will increasc.
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Containers for the safe transport of nuclear weapons, weapon components, and weapon
materials will be required in increasing numbers. This need will be met by developing low-cost,
regulatory-compliant containers produced through agile manufacturing and concurrent engineering
design. By taking the lead in this area, we will assure that DOE will be able to meet program objectives
in weapons development and production, stockpile maintenance, and dismantlement. Several con-
tainer designs will be developed to assure that DOE policy can be made on a sound technical basis.

We have recently completed the production of over 2,300 tritium reservoir containers, The
technology used to design and fabricate these containers is serving as a basis for the design of new
U.S. nuclear weapon component and warhead containers. The methodology chosen was so successful
that the technical approach provided the basis for a warhead component container recently developed
for the Russian Federation, By capitalizing on additional design techniques, opportunities exist for
even lower costs and enhanced safety margins. The pursuit of these container design and development
activities will assure that DOE can comply with all national and international regulatory requirements
and meet the ever-changing programmatic goals of the nuclear weapons program.

Materials Capabilities

The analysis and modeling of materials, semiconductors, printed circuit boards, and all other
production processes for the enduring stockpile is maintained under this program. We have
interacted closely with the nuclear weapon production agencies and, as a result of activities associated
with Complex 21, it is expected that the resources and expertise maintained within this program
will be fully utilized to assist in the transition of production responsibility.

This program has traditionally provided a rapid response capability to address material and
process issues arising within the production cycle or discovered during stockpile surveillance
activities. There will be more demanding needs in the future to develop and maintain a capability
to produce prototypes and limited quantities of war-reserve semiconductors, neutron generators,
batteries, and switch tubes. Associated with this maintenance of capability will be strong efforts to
develop advanced, agile investment casting processes that will be utilized both within the stream-
lined production complex and shared with U.S. industry.

Semiconductor eftorts are focused on maintaining a very strong analytical modeling capability
(associated with radiation behavior, tolerance, design and fabrication), preserving and improving
experimental failure analysis capability, and maintaining and improving the technology base that
can be applied to reliability and semiconductor life expectancy predictions. In the future, we expect
that conditions will dictate that weapons systems be maintained for a much longer service lives. In
addition, there will be strong interaction with semiconductor manufacturers to assist in the future
privatization etfort. The ability to experimentally evaluate radiation hardness is another differentiating
capability that needs to be preserved.

Many materials analysis capabilities and facilities are utilized in the Stockpile Support program.
Inaddition, there is a significant effort to continue to qualify new materials and processes for printed
circuits, hybrids, and encapsulants for future application.

Further development of the FASTCAST™ process will provide a concurrent design and manufac-
turing platform for the production of electronic housings. Sandia’s accomplishments in developing
the system architecture, thermal code, a. '« omplete integration into an agile manufacturing platform
is well recognized by industry.

Because of our enduring commitment to stewardship of the nuclear weapons stockpile, it is
important that we maintain the test facilities critical to the evaluation of nuclear weapon power
sources and neutron generators. As required by new safety mandates, or forced because of technology
obsolescence, tester hardware and software modifications will continue as long as there is a nuclear
weapons stockpile.

Institutional Plan FY 1994 ---1999



Change Initiatives
Dismantlement Support

Under the terms of START Land START 11, the United States will be required to dismantle more
than 10,000 nuclear weapons during the next ten years. In the past, the volume of weapon retirements
was, in general, low enough that disassembly operations were performed as a work filler between
assembly operations. The development of new dismantlement processes is essential to meet the
workload schedule and to provide a better way of supporting future operations.

Dismantlement begins when the military designates a weapon for retirement and ends when
DOE has disposed of the weapon components, trainers, handling equipment, and other associated
hardware. The procedure includes transportation, storage, and disassembly into subsystems and
components that are recycled, staged for reuse, or disposed.

Sandia works closely with DOE’s Pantex plant in Amarillo, Texas, to design safe and efficient
dismantlement processes. Automated processes using robotics and computer modeling are being
developed to safely and cost-effectively handle the increased dismantlement volume. Sandia systems
analysts are helping to automate dismantlement scheduling to provide early forecasts of the return
and staging of retired weapons. They are analyzing the processes for security and safeguards, retire-
ment and disassembly prioritization, and risk assessment management. Engineers are developing
computer simulation models to improve the transportation and staging of weapons.

Robotics are being used to mitigate personnel hazards, particularly those associated with
radioactive material. Sandia is developing and implementing a system called Stage Right that uses
remotely controlled forklifts to load, unload, and inventory weapon nuclear material stored in
igloos at Pantex. Plans arein place to use robots for cleaning, leak checking, and weighing nuclear
weapon parts. The feasibility of using robotics for disassembly of explosives and radioactive parts
and for the separation of materials for disposal is being pursued.

Concern for the environment introduces new challenges in the disposal of materials, For example,
new federal and local regulations require that certain materials scheduled for disposal be identified
— materials such as lead in solder, copper in electrical wiring, and cadmium in plated metal parts.
Because original assembly drawings do not describe materials in sufficient detail, materials sampling
and analysis techniques are being developed. A common materials database to be used by all design
and production agencies is being developed by Sandia.

Disposal of subsystems and components often requires declassification, demilitarization, and
sanitization. Sandia engineers are exploring several new processes that perform these functions
simultaneously. Because of the immediate need, two commercially available technologies, forge
hammer fracture and waterjet cutting, have been installed at Sandia and Pantex. Improved, auto-
mated technologies are being investigated for the future.

Manufacturing Development Engineering

Under the Manufacturing Development Engineering (MDE) concept, the design laboratory works
directly with commercial vendors to develop and manufacture nonnuclear weapon components
within the private sector. This concept requires high-level interaction between the design laboratory
and private industry, including identifying and developing private sector suppliers, transferring
technology, and maintaining an involvement with process design and manufacturing engineering.

MDE will provide the following advantages to DOE in the anticipated, very-low-volume pro-
duction environment of the future nuclear weapons complex.

® By relying on private industry for production of weapon components, the nuclear weapons
complex will require less overall production capability.
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® With weapons component technologies maintained at the design laboratory rather than at a
production agency, the maintenance cost of MDE technologies is reduced.

¢ Components manufactured using high-volume, standard industrial processes will be more
cost-effective and better characterized than components manufactured using low-volume,
Custom processes.

The strategic objectives of the Manufacturing Development Engineering program are to:

1. Develop an infrastructure that will demonstrate Sandia’s ability to manage the production

of nuclear weapon components, both in-house (as for neutron generators) and by using

commercial suppliers.

Increase design engineers’ general understanding of manufacturing issues and industry

standards, products, and processing.

3. Provide a vehicle to move Sandia toward concurrent engineering and agile manufacturing,

4. Facilitate the reconfiguration of the nuclear weapons complex by transferring appropriate
activities formerly performed at the Mound and Pinellas facilities to private industry.

o

Complex 21 Technologies

Our work in the development of technologies for Complex 21 derives from the fact that consolidating
the current nuclear weapons complex will require an investment in the development and demonstra-
tion of advanced manufacturing technologies. Sandia is developing these advanced manufacturing
technologies, working closely with the private sector to enhance the relevance of the developed
technologies, and demonstrating the agility of advanced manufacturing technologies in meeting
the demanding requirements of nuclear weapons production and U.S. industrial needs. We are
investing in enabling technologies such as computer-aided design and manufacturing, current
engineering, information-driven architectures, environmentally conscious manufacturing, and rapid
prototyping. These are the same technologies needed by U S. industry. We are also exploring the inte-
gration of manufacturing sites into a virtual factory to meet the requirements of the future complex.

The work associated with Complex 21 will reach beyond the needs of the nuclear weapons
community. Sandia’s program is directed towards becoming a test bed for research, development,
and manufacturing integration and a place for developing new industrial processes. It can serve as
aworking model of fully integrated manufacturing technologies and a centerpiece for DOE con-
tributions to advanced manufacturing,

Environmentally Conscious Manufacturing

The Environmentally Conscious Manufacturing program is a deliberate attempt to reduce the
environmental impacts of manufacturing activities without reducing the quality or performance
of the product in question. Sandia has a strong commitment both to the environment and to the
quality of product, the nuclear weapon stockpile. Theretore, we will continuously develop the
materials and processes used in the fabrication of weapon components to minimize their impact
on the environment.

Environmentally conscious manufacturing is focused on manufacturing activities for which
the environmental by-products have yet to occur (as opposed to clean-up and restoration activities
for which the oftending by-products have already been released). Even though remediation technolo-
gies are essential for correcting past mistakes, reliance on “end-of-pipe” solutions must not form the
basis for future manufacturing decisions. Any attempt to nullify an environmental threat after it has
been created is almost certain to be less eftective than avoiding that threat from the very beginning.

Considering that our principal product is nuclear weapons, we cannot allow any manufacturing
initiative, including the initiative in environmentally conscious manufacturing, to degrade the safety
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or reliability of the stockpile. Even though weapon production quantities are declining drastically,
opportunities for reducing waste and environmental damage remain pervasive. For the foresceable
tuture, Sandia’s environmentally conscious manufacturing eftorts relative to weapon component
production will be directed toward needs that are specific to the long-term stockpile.

A major benefit to Sandia’s environmentally conscious manufacturing technology development
will be the cultivation of materials and processes that are vital to commercial enterprises. Main-
taining a robust domestic economy with substantially less waste and resource consumption will
be one of the greatest challenges of the next century. Sandia’s unique blend of manufacturing and
environmental experience is well suited to addressing this challenge.

Reconfiguration (GB03 and GB0508)

The aging nuclear weapons production complex is a widely-distributed, environmentally outdated,
expensive collection of production sites built to meet peak cold war production requirements. As
the nuclear weapons stockpile and production requirements decrease, the production element of the
nation’s nuclear deterrent must consolidate to a smaller, less costly complex while maintaining its
technical competence.

DOE has embarked on a program to consolidate the complex while increasing its efficiency by
integrating the essential competencies that exist in the weapons laboratories, the private sector,
and the remaining weapons production sites (Kansas City, Y-12, Savannah River, and Pantex).
Under the consolidation plan, Sandia has been assigned responsibility for prototyping and small-
lot fabrication of neutron generators, code-activated processor assemblies, and thermal batteries,
Conceptual design studies and activity transfer plans have been prepared to examine the feasibility
of producing these components at Sandia.

During the past two years, DOE planning to reconfigure and consolidate the nuclear weapons
complex has included a tighter integration of the weapons laboratories with the production complex,
including the designation of lead laboratories to oversee and sustain a number of key production
process technologies. DOE , along with the Defense Programs laboratories, has developed the
lead laboratory concept to respond to the realization that a smaller nuclear weapons complex will
not be capable of supporting the technical overhead that currently exists at the production plants.

The relationship between the production plants and the laboratories will change under the lead
laboratory concept. To facilitate the implementation, Defense Programs is developing a lead-lab-
oratory protocol to define roles and responsibilities of the lead laboratories, the plants, and DOE
departmental elements.

Sandia, Lawrence Livermore, and Los Alamos, as lead laboratories, will be responsible for pro-
duction process development and production support for Complex 21. Sandia’s lead laboratory
assignment will include nonnuclear components, system assembly, and the Center of Excellence for
Automation and Robotics. Current programs include the development of process How charts for
Complex-21, the development of environmentally acceptable processes, and the development of an
integrated program plan to assess facility requirements and demonstrate critical production processes.
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Office of Intelligence and National Security

Sandia supports the Department of Energy with research, development, and analysis for intelligence,
nonproliferation, arms control and verification technology, and policy development. Sandia has one
of the oldest and largest programs of such work in support of U.S. arms control and nonproliteration
policies. This work has always been an important corallary to our nuclear weapon research and
development responsibility, which provides requisite expertise for knowledgeable nonproliferation
and arms control work.

Summary of Programs for Office of Inteliigence and National Security
(Operating BA in $ million)
B&R Code Program Title FY92 FY93 FY94 FY95

GC Verification and Control Technology; and
GJ Export Control, Nonproliferation, and International 514 67.6 87.3 82.5
GD Nuclear Safeguards & Security 1.6 9.1 9.4 8.6
NT Intelligence _38 3 34 34

Total 66.5 798 100.1 94.5

Percent of total operating funds 5% 6% 7% 7%

Verification and Control Technology (GC)

Proliferation Detection and Verification Technologies

The Proliferation Detection and Verification Technologies Program includes research and devel-
opment of a variety of systems and technologies applicable to the detection of proliferation of
weapons of mass destruction, verification of agreements for arms limitations, and Open Skies
(reciprocal surveillance of defense installations from aircraft); technical support of veritication and
arms control activities; assessment of foreign weapons technology and other intelligence issues;
development and deployment of satellite-borne remote sensing systems to verity compliance with
the Limited Test Ban Treaty and to demonstrate technologies applicable to the detection and
characterization of proliferation activities; and development and evaluation of seismic systems
and technologies for verification of threshold or other limitations on underground nuclear testing.
An important aspect of all these program areas are the activities in information management,
fusion, and analysis.

Weare developing new nuclear detonation sensors for improved detection of low-yield
explosions in the atmosphere, even through clouds. Instrumentation systems currently being
deployed on the Global Positioning System constellation of satellites will soon provide continuous
worldwide coverage. Data from these instruments is also used by Department of Defense (which
shares system costs) to support their tactical warning and attack assessment mission.

We have initiated development of satellite-based systems and technology for detecting and
characterizing nuclear proliferation activities, with directapplication to chemical and biological
weapon development as well. In conjunction with Los Alamos National Laboratory, we are developing
anadvanced multispectral thermal imager. Working with Los Alamos, Lawrence Livermore, Pacific
Northwest, and Brookhaven national laboratories, we are developing laser-based techniques for
remote detection and identification of chemical species in etfluent plumes emanating from suspect
sites. Both of these concepts will be developed into operational integrated systems and demonstrated

institutional Plan FY 1994 1999



in space aboard small
satellites. Dual-use
applications for these
technologies, particu-
larly in environmental
remote sensing, are
also being considered.

Sandia has projects
to develop chemical
sensors related to
nuclear and chemical
weapons, ultraviolet
light detection and lidar
ranging technology,
radiation detection
sensors, remote video
surveillance systems,
and the nondestructive
determination of par-
ticulate compositions.
In some instances,
component technology
will be incorporated m
into unattended, and
possibly remote, ground-based sensor systems.

We develop synthetic aperture radar systems fo '
collection platform for treaty verification and no:
evaluate such parameters as radar resolution and uration that will influence synthetic
aperture radar system designs for Open Skies and n; 3 of the Conventional Forces in Europe
Treaty. We are also exploring the integration of synthetic aperture radar with other imaging data
and automated data analysis as methods for dealing with the deluge of data from such systems.
Synthetic aperture radar will be used to evaluate all-weather as well as day and night aerial inspec-
tion capabilities required for U.S. and international community needs.

Tags and seals are currently being considered for use in securing key elements associated with the
Chemical Weapon Convention, weapon dismantlement, and the containers designated to transport
and store Russian highly enriched uranium purchased by the United States. Sandia has a number
of projects for developing tags and seals for these applications. We have also broadened the tag and seal
effort to include the technological area of information integrity, which covers the general application
of tags and seals over a wide range of monitoring applications. New data authentication techniques
are being developed to provide security for remotely monitored, sensor-based sealing systems.

In FY 1993, Sandia initiated development of a technology base for fiber optic tags and seals
and advanced tamper-indicating packaging. The development of the technology base for these
applications will, to the extent possible, embrace inputs from private industry, the university
community, other national laboratories and the appropriate centers of excellence within Sandia.

Studies are underway to investigate the impact on Department of Energy facilities of nuclear
weapon dismantlement that could be performed under a system of controis related to the START
treaties. In a related effort, we are investigating ways of accounting for special nuclear materials from
dismantled weapons. One of our tasks is the design and development of a secure container for the safe
transportation and storage of special nuclear materials. This work provides some of the background
necessary to support discussions with the former Soviet republics on nuclear weapon dismantlement.

“irborne Multisensor Pod System, a data
n. We will conduct experiments to
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Sandian Max Sandoval,
the U.S. technical expert
on imaging radar to the
international Open Skies
Treaty negotiations,
holds a trihedral corner
reflector similar to the
ones that will be used
to verify aircraft radar
performance as part of
the new Open Skies
Treaty. The United
States plans to use C-
135 aircraft like this one,
outfitted with optical
cameras, infrared line
scanners, and synthetic
aperture radar, to mon-
itor conventional mili-
tary activities in treaty
signatory nations.
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Weare increasing our activities on the general problem of managing potentially large volumes
of proliferation-related information. Our aim is to develop technologies that an analyst can use to
turn the vast quantity of data into useful information. Advanced data authentication techniques
are employed when information security is paramount.

Development and evaluation of seismic technology for detection, location, and identification
of underground and underwater nuclear explosions are continuing. In line with the emerging
geopolitical climate, the emphasis of this program has shitted from the monitoring of bilateral test
limitation agreements to global monitoring of proliferation-related nuclear testing and ofa com-
prehensive test ban, should one be implemented. Our research and development activities are
focused on verification-quality seismic and hydro-acoustic data acquisition and data processing
that is affordable, easily deployable, and flexible enough to meet the demands of the new world
order. Our technology development activities are being coordinated, and in many cases co-funded,
by the Department of Detfense, which has operational nuclear test monitoring responsibility within
the U.S. government. We are also coordinating our efforts through the United Nations Conference
on Disarmament, Group of Scientific Experts, whose charter is to define and demonstrate techniques
for the collection and exchange of global seismic data for the purpose of monitoring underground
nuclear tests.

Nonproliferation Policy

The Office of Nonproliferation Policy is a newly energized component in DOE’s Office of National
Security and [ntelligence. Sandia has been identified as a major supplier to this office with support
in two areas: regional arms control and International Atomic Energy Agency analytical support.
In the area of regional security, Sandia has been asked to initiate a program to evaluate the applicability
of various arms control technologies and procedures to regional security issues. Eventually, it is
envisioned that prototype monitoring facilities can be developed so that representatives of regional
parties (for example, persons from South Asia, the Middle East, the Korean Peninsula, and so forth)
would have an opportunity to perform hands-on evaluation of various technologies as well as use
models and simulations to evaluate the appropriateness of various technological solutions to their
particular regional problems.

"The other important feature of Sandia’s support for the Oftice of Nonproliferation Policy is ana-
lytical support for International Atomic Energy Agency activities. Analysis includes evaluation of
various proposed inspection regimes, evaluation of International Atomic Energy Agency information
management technology and procedures, and assistance in preparation for the 1995 Nonproliferation
Treaty Review Conference.

It is anticipated that this program will expand, particularly in the area of regional security
analysis, for the rest of the decade.

Policy Analysis
Sandia’s policy support activities are targeted at both sides of the policy-technology interface. We
support technical analysis of policy options for DOE’s Office of Intelligence and National Security,
and we provide policy insight to Sandia organizations working in areas of national security, Our
direct support includes furnishing technical advisors at the International Science and Technology
Center in Moscow and at the United Nation’s Special Commission in New York. Inaddition, a
full-text-retrieval database of documents related to the Iraqi nuclear program is being compiled.
Analytical support for the DOE’s Office of Policy and Technical Analysis includes treaty
implementation analysis, temporary technical advisor support, nuclear testing analysis, and dis-
mantlement analysis. Sandia has been a mainstay of DOE’s on-site evaluation program since
1986, and we continue to support evaluations of tie impact of on-site inspections on sensitive
industrial facilitics, as well as other issues related to implementation of various treaty regimes.
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With the renewed interest in restrictions on nuclear testing, Sandia has been called upon to
participate in various evaluations of the impact of further testing restrictions on our ability to act
as responsible stewards of the residual nuclear weapons stockpile. It is anticipated that the pressures
for testing restrictions will continue, at least through the 1995 Nonproliferation Treaty Review
Conterence, so Sandia will continue to provide analytical support in this area.

As the stockpiles of the superpowers are reduced and their respective infrastructures are con-
solidated, numerous issues will arise with respect to verification and monitoring of the reduction
process and the residual weapons and dismantled components and materials. Sandia has long
been a principal evaluator of the processes, procedures, and technologies associated with these
dismantlement activities, and this support is expected to continue for the next several years.

Export Control, Nonproliferation, and International (GJ)

Export Control

Sandia supports DOE'’s Office of Export Control Operations in two principal areas, export license
review and approval and information management. Sandia recently activated a classified, on-line
data system to review export license applications and suggestions for modifications to the Militarily
Critical Technologies List and other export control regulatory regimes.

In addition to day-to-day operations, Sandia is a major participant in the Proliferation Infor-
mation Network System. When completed in 1994 or 1995, this system will be a farge network of
computer workstations designed to permit analysts at widely separate locations to access and
process large amounts of disparate data in support of proliferation-related evaluations. Sandia is
charged with designing the overall architecture and providing a prototype system. In addition,
Sandia is supplying direct temporary duty support to the Proliferation Information Network
System program at Department of Energy Headquarters. The Proliferation Information Network
System is a multiyear project which is expected to expand over the next several years as a result of
the burgeoning interest in proliferation information management.

International Safeguards

Sandia is the Department of Energy’s lead laboratory for the development of containment and
surveillance technology, concepts, and applications for international safeguards use. We have
ongoing development efforts in advanced digital video surveillance systems, authenticated item
monitoring systems, network technology for use in on-site integrated safeguards systems, and
engineering of lower-cost reusable electronic seals for the International Atomic Energy Agency.
Weare the Department of Energy technical advisor on containment and surveillance for projects
conducted under bilateral programs of cooperation in safeguards technology development with
Germany, Japan, the United Kingdom, Australia, and the Commission of European Communitics.

We participate in the new Enhanced Safeguards Initiative, which is structured to provide more
direct DOE support to the International Atomic Energy Agency. This new initiative is directed
toward anticipating enhanced safeguards needs of the international safeguards community and
investigating, developing, and transferring new and enhanced safeguards approaches and technology
to international, regional, and bilateral safeguards regimes.

Weassist the Department of Energy in demonstrating advanced physical protection tech-
nologies to states of the former Soviet Union. This effort supports the U.S. Comprehensive Threat
Reduction Program ‘formerly known as the Safety, Security, and IM<mantlement Program).

Inaddition, Sandia regularly conducts an extensive training course that addresses techniques,
technology, policy, and procedures for physical protection of nuclear facilities and materials. Students
are selected for this course from member states of the International Atomic Energy Agency that
have less well-developed nuclear programs.
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Nuclear Safeguards and Security (GD)

In view of the potential adverse consequences of nuclear energy or materials being used for malevolent
purposes or contaminating the environment and endangering personnel health, and the adverse
impact on national sccurity resulting from the compromise of classified information, the Department
of Energy’s Office of Security Affairs sponsors a program to develop technologies and systems for
protecting nuclear materials and DOE facilities. The tocus of this program is the development of
physical security technologies to address a spectrum of threats for protection against these events.

In this context, Sandia is the principal laboratory for research and development on physical
protection technology. Program objectives are to support the development and application of
advanced technology to the protection of DOE facilities to prevent:

o theft or diversion of nuclear materials that could endanger the public,
e radiological or toxicological sabotage that could endanger the public health and safety, and
¢ theft or compromise of information or material that could adversely impact national security.

Technologies being investigated include those directed at detection, delay, and response for
outside adversaries, and those that deter and prevent insider attempts at sabotage, theft, or diversion
of material or information.

New concepts are developed and analyzed to identity the most promising approaches. Concepts
with high potential performance are engineered, implemented, and operationally evaluated to provide
balanced, effective, integrated safeguards and security systems. Systems and components that
provide effective protection with reduced operational cost are a major thrust as the nuclear weapons
complex responds to a reduction in nuclear weapons, tighter fiscal budgets, and an increased
emphasis on the health and safety of employees and the public and protection of the environment.

Development of new intrusion detection technologies includes the use of optical fiber sensing
technology to yield more effective detection with low false and nuisance alarms. In addition, advanced
development is being performed for laser radar detection and imaging as well as early warning radar
systems. New sensors that could more readily discriminate human intruders are being investigated.

Technologies and systems are being developed to monitor the movement of personnel and
materials within a facility for the purpose of thwarting the insider threat. Techniques that reduce
the opportunity for personnel to come into contact with nuclear materials are being developed,
such as self-testing sensor systems and material or item monitoring systems.

Advanced technologies in image processing are being pursued for purposes of tracking personnel
and materials within a facility. Through a cooperative research and development agreement
(CRADA), image processing algorithms are being developed to detect bulk explosives and con-
traband covertly carried on a person.

Advances are being madc on vapor-explosive detection technology. Development of a vapor
generator that can produce sample quantities traceable to national standards is continuing, A portal
system, together with a vapor preconcentrator, is being developed for application at Department
of Energy facilities to provide an efficient way of searching for explosives carried on a person and
made visible through x-ray imagery.

Systems for electronically controlling access to classified documents and performing inventory
management have been developed and implemented at several DOE facilities. Future enhancements
will allow the system to operate in a network environment and provide the capability to perform full-
text retrieval from documents scanned into the system. Future research will focus on the definition
of information surety concepts and technologies which will have broad application to many national
security, industrial, and personal privacy problems.

Access control technologies are critical to achieving security in the Department of Energy as
manpower is reduced. The requirement to automate access control at DOE facilities has placed a
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high priority on the advancement of access control technologies, including biometric devices,
badge technologies, and automated entry control systems.

Access delay technologies play a major role in achieving balanced and cost-effective security
systems. Current developmeats are focused on inexpensive, activated, access-denial obscurants
and modular access delay systems, such as portable vaults capable of protecting against aggressive
explosive attacks. The access delay technology is also being extended to other applications, such as
development of nonlethal weapons for application by other federal agencies.

Evaluation methodologies, vulnerability analysis tools, and modeling tools are being developed
to assist system engineers and security managers in assessing the performance of their systems and
to explore options for enhancing the protection of a facility. The models and analysis tools of the
future will be used to perform broad system cost/benefit analyses and radiological/toxicological
sabotage analyses.

A key purpose of the program is the transfer of technology to industry and government agencies
through technology reports and handbooks, seminars, workshops, implementation assistance, and
equipment performance specification and standardization. Instructional support is provided to the
Department of Energy Central Training Academy by developing and presenting training materials
for vulnerability assessment and physical protection systems engineering. With the end of the cold
war and growing concern regarding proliferation of weapons of mass destruction, especially nuclear
weapons, the technology developed in this program is being applied through technical exchanges
to the protection of nuclear materials internationally.

Inteiligence (NT, NB04)

Sandia’s role as the nation’s engineering laboratory responsible for nuclear weaponization activities
and continuing stewardship of the U.S. nuclear stockpile uniquely positions it to support the DOE
intelligence program in areas of foreign weapon program evaluation. With increasing international
uncertainty, our expertise will continue to be of critical value in the assessment of the safety, security,
proliferation, and dismantlement of foreign weapons of mass destruction.

Proliferation is an area in which significant program growth is expected. We are currently
engaged in studies of proliferant weaponization options with an initial focus on nuclear weapon
firing system technologies. We also perform related proliferation analysis tasks and evaluations of
foreign weapon safety and security for DOE’s Office of Intelligence.
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Office of Environmental Restoration
and Waste Management

Work performed for the Office of Environmental Restoration and Waste Management includes
Environmentally Conscious Manufacturing Technology, Waste Management Technology, Haz-
ardous Material Transportation, Waste Repository (including the Waste Isolation Pilot Plantand
the Greater Confinement Disposal project), and Waste Management and Waste Minimization
tor Sandia. Work performed for this office also includes site-specific corrective actions under the
Environmental Restoration program.

Summary of Programs for Office of Environmental Restoration and Waste Management
(Operating BA in $ million)

B&R Code Program Title £Y92 FY93 FY94 FY9s
EW Environmental Restoration and Waste Management 879 126.6 1383 144.4
Percent of total operating funds 7% 10% 10% 10%

Defense Waste and Environmental Restoration (EW)

Environmentally Conscious Manufacturing

Sandia is playing a key role in developing and demonstrating environmentally conscious manufac-
turing technologies and using a systems approach to apply them to the manufacture of nonnuclear
weapons components. This program is focused on electronic assemblies and electromechanical
components, with the goal of reducing the use of hazardous or environmentally injurious materials
during weapons production. A concurrent goal is to transfer these environmentally conscious manu-
facturing technologies to U.S. industry after their successful demonstration for weapons production,
resulting in increased competitiveness and decreased environmental cost during manufacture.

The cornerstone of this effort is the Environmentally Conscious Manufacturing Integrated
Demonstration, a collaborative program with the Allied Signal/Kansas City Plant. In this program,
the total systems approach is beinig used to eliminate generation of hazardous wastes during the
manufacture of electronic components. The systems approach is used to identify areas where haz-
ardous waste is generated or where workers could be exposed to hazardous materials and to identify
opportunities for replacing these materials and processes with environmental™- benign environmen-
tally conscious manufacturing technologies. This includes the replacement of hazardous organic
compounds such as chlorofluorocarbons and chiorinated hydrocarbons with semiaqueous and
aqueous cleaners; application of urethane foams and elastomers that do not contain carcinogenic
precursors; use of no-clean fluxes and fluxless soldering, methylenedianiline-free printed wiring
boards, chromium-free metal coatings and safe marking inks. Life-cycle analyses, including the
costs and benefits associated with the new technologies, are an integral part of this demonstration.

"This program involves research and development of technologies and methodologies for life-cycle
analysis and decision-making at Sandia; coordination of complementary development and demon-
stration of the technology and life cycle methodologies at Allied-Signal/Kansas City; coordination
of research at U.S. universities; and technology transfer through ongoing, aggressive development
of partnerships with companies in the U.S. microelectronics industry.

Other current environmentally conscious manufacturing prograins include the Environmentally
Conscious Manufacturing Technology Transfer and Training Initiative, which focuses on the
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needs of small businesses; the Assessment of Waste Minimization for Common DOE-Wide Waste
Streams, which focuses on providing information to eftect significant waste reduction across mon-
itoring and control; and replacement of hazardous materials in surface coating, metal finishing, and
precision machining.

Waste Management Technology

Sandia is involved with a wide variety of waste management technology activities. Our Waste
Component Recycle, Treatment, and Disposal Integrated Demonstration for DOE focuses on
developing regulatory-compliant technologies that can be demonstrated as complete systems for
disposing and recycling electronic components.

The focus of this program is on electronic components from dismantled nuclear weapons.
Many of these components contain hazardous materials, such as heavy metals, PCBs, self-contained
explosives, radioactive materials, and gas-filled tubes. In addition, those with classified significance

.

Larry Yellowhorse makes adjustments to a solar detoxification system that destroys organic toxins in groundwater. The system uses a
reflective parabolic trough to focus the sun’s energy on a long glass tube through which contaminated water, mixed with a catalyst,
passes. Sandia and the National Renewable Energy Laboratory shared a 1992 R&D 100 Award for the system’s development,
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are generally sealed in a potting compound, making them difficult to separate. To carry out this
demonstration, we are using not only Sandia’s knowledge of systems engincering and techniques
for separating hazardous materials, but we are also integrating a variety of technologies from other
industries and laboratories to help destroy unusable hazardous materials and recycle valuable portions
of the weapon electronic components.

Other waste management technologies under development include silica crystalline titanates
for treatment of radioactive waste removed from the Hanford underground storage tanks; steam
reforming for destroying organics and nitrates found in a variety of waste streams; monitoring and
control systems for metal emission control systems for incineration processes; waste dislodging
and conveyance technologies for underground storage tanks; supercritical water oxidation
destruction of explosives and propellants; and solar detoxification of waste.

Environmental Restoration

The DOE Environmental Restoration Program was initiated in 1987 to consolidate and coordinate
regulatory compliance activities designed to identify and remediate inactive sites at DOE installations
contaminated with hazardous, radioactive, or mixed waste.

The goals of the Fnvironmental Restoration program are to address environmental problems
resulting trom past practices, assess the extent and nature of these problems, and remediate
affected sites, if needed, using the most effective and cost-efficient methods. Activities include
identifying inactive hazardous-waste release sites, developing an environmental restoration inves-
tigation and remediation program, coordinating NEPA (National Environmental Policy Act)
documentation, obtaining necessary permits, evaluating surface and groundwater contamination
potential, reviewing practices affecting sites with underground storage tanks, evaluating other
waste management practices, and ensuring compliance with federal, state, and local environmen-
tal regulations. Projects involve the investigatior. and remediation of inactive waste-handling, dis-
posal, and spill sites in accordance with the provisions of the Resource Conservation and
Recovery Act (RCRA), the Comprehensive Environmental Response, Compensation, and Liabil-
ity Act (CERCLA), and relevant DOE orders.

Three primary regulatory drivers form the basis for environmental restoration program investiga-
tion and remediation. These include (1) Section 3004(u) provisions of the Resource Conservation
and Recovery Act (RCRA) which require corrective actions for releases from solid waste management
units; (2) RCRA provisions requiring closure and post-closure care for inactive treatinent, storage,
and disposal units; and (3) requirements of the Comprehensive Environmental Response, Compen-
sation, and Liability Act (CERCLA) addressing remediation of releases of hazardous substances in
accordance with the National Contingency Plan. Most of the Environmental Restoration sites fall under
RCRA, while some will be addressed in a manner consistent with the National Contingency Plan.

Sandia’s environmental restoration efforts are grouped in the following three categories:

1. RCRA Corrective Actions: Efforts required to address rcleases of RCRA hazardous waste
or constituents from solid waste management units.

2. RCRA Closure Actions: Efforts pertaining to the closure of inactive RCRA treatment,
storage, and disposal units that will not be permitted for continuing operation.

3. Other Actions; Assessment or remediation of sites from which there has been a release or
where a substantial threat of a release of a hazardous substance exists.

In 1992, Region V1 of the Environmental Protection Agency issued Sandia a permit that

established a schedule for the assessment and remediation of environmental restoration sites
under RCRA corrective action authority at Sandia/New Mexico.

7-54 Institutiona! Plan FY 1994 1999



Hazardous Material Transportation and Crosscut Technologies

The principal program for the Office of Environmental Restoration and Waste Management is
contained in a group of technical tasks that make up the Transportation Technology Development
Program. This program embraces projects in the following areas:

¢ Advanced Technology Development— Characterizing aterials (especially casting metals
and brittle materials) that could be useful in transportation and waste management

¢ Packaging Development— W orking with projects to evaluate packaging applications, and
working out design features and materials compatibility issues

® Engineering Analysis — Fine tuning of thermal and structural analysis codes, developing
code modules, and creating databases specific to transportation problems

¢ Certification and Regulatory Support— Providing technical expertise to DOE elements
involved in packaging certification efforts and supporting DOE efforts in clarification, analysis,
and change to regulations at the international and national levels

¢ Environmental and System Planning— Developing system analysis techniques, risk
assessment codes, and data relating to transportation systems operations (including material
flows, modal options, accident data and phenomenology)

® Testing— Performing tests to support package certification and confirmation of new design
concepts and provide confirming results for code confirmation

o Transportation Automation and Technical Assistance— Providing the TRANSNET
technology transfer facility to furnish the results of DOE work to a variety of users

¢ Transportation Intelligent Monitoring Systems — Developing technologies to improve
the emergency response systems for DOE activities

® Geographic Information Systems— Developing geographic information systems links
for routing preferred route determination algorithms and accident rate prediction codes

* Source Term Containment Evaluation— Developing information and analysis techniques
for setting the requirements for allowable package leakage

Waste Repository
The Waste Isolation Pilot Plant

Sandia is responsible for the testing, modeling, and performance assessment required to demonstrate
the long-term behavior and containment properties of the Waste Isola:ion Pilot Plant repository.
Weare also responsible for assessing the long-term waste properties and performance sufficient
to determine if the Waste Isolation Pilot Plant is a suitable disposal facility for the Department of
Energy’s transuranic waste.

Sandia will support DOE by providing a deta’led geotechnical understanding of the Waste
Isolation Pilot Plant Site (located in Carlsbad, New Mexico), research on issues related to disposal of
transuranic mixed waste in bedded salt (necessary to provide data for performance assessment calcu-
lations), and detailed performance assessment research to evaluate compliance with Environmental
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Protection Agency standards for disposal of transuranic and transuranic-mixed waste in geologic

repositories. Sandia will provide scientific assistance for completion of the test phase of the overall
the Waste Isolation Pilot Plant project (expected to last for at least five years) and activities to meet
the requirements of the Legislative Land Withdrawal Bill signed into law in late 1992.

The scope of Sandia’s activities to support the Waste Isolation Pilot Plant Project includes: (1)
disposal room and drift system, (2) transuranic waste experiments, (3) sealing systems and rock
mechanics, (4) hydrologic transport properties of the Salado (salt) formation, (5) low and trans-
port properties of non-Salado components of the formation, (6) performance assessment, and
(7) other activities.

1. Thedisposal room and drift system activities utilize backfills, brine, simulated waste,
waste containers, simulated disposal rooms, test designs, equipment, and instrumentation
necessary for laboratory and field experiments to provide an understanding of important
waste interactions to support development of radioactive source term and gas generation
models. This activity addresses transuranic mixed waste and backfill interaction with the
surrounding rock for the various chemical environments that are possible in a waste
room. The combined interactions of the waste, waste containers, emplaced backfill and
admixtures, brine inflow that results in gas gener: *ion, and dissolution of radioactive and
hazardous constituents are studied through laboratory testing, modeling, and field testing.
The behavior and performance of possible backfills and additives to be emplaced in access
drifts as part of the facility decommissioning are also being investigated.

2. The transuranic mixed waste experiments utilize mined rooms, bins, transuranic mixed
waste, waste containers, test facilities, test designs, equipment, and instrumentation nec-
essary for gathering data on gas generation and the interaction of waste in a simulated
repository environment. This activity includes all tests that use actual transuranic waste, as
well as necessary sampling, data gathering, analysis, and interpretation. The tests include
bin-scale tests, simulated-scale tests, and liter/drum-scale experiments at Los Alamos
National Laboratory for acquisition of gas generation information and solubility waste
interactions data from actual transuranic waste.

3. The sealing systems and rock mechanics activity utilizes seal materials such as salt, concrete,
clays, and other fillers in laboratory and field settings. They include test designs, equipment,
and instrumentation for the seal studies and the evaluation of rock mechanics properties
of the repository and overlying host rock formations penetrated by shafts, boreholes, and
disposal rooms. Seals will be developed for use in drifts to isolate waste panels, in access
shafts to isolate the repository from accessible environments, and in exploratory boreholes.
This activity also includes evaluation of waste room and drift structural response, shaft
closure, and healing of fractures in the disturbed rock zone outside excavations and around
seals in shaft and access drifts. Laboratory and in situ tests will provide data for models to
evaluate the behavior of potential seal material such as crushed salt, salt/clay admixtures,
and concretes, as well as excavation closure, fracture behavior, and the behavior of pene-
trations through the repository host rock.

4. The Salado hydrology and transport activities utilize test designs, equipment, and instru-
mentation for laboratory and field studies measuring a variety of hydrologic parameters of
the repository host rock. This activity includes laboratory and field expcrimentation and
modeling studies of flvid flow characteristics of the Salado Formation such as permeability,
threshold pressure, and two-phase characteristics. Data from the experiments will be input
to databases and models of brine and gas transport into and away from the repository.
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5. The non-Salado and transport flow activities utilize test designs, equipment, and instru-
mentation for laboratory and field studies measuring a variety of hydrologic and chemical
transport parameters of the formations overlying the repository host rock. This activity
includes fundamental separate effects laborator experiments for the development of
models of radionuclide transport properties in ti. Rustler Formation under present and
future conditions. Integral-effects laboratory studi. s of radionuclide retardation in the
Rustler host rock are also included, as well as in situ hydrologic and tracer tests. Also
included is the development of mechanistic models of flow and transport in the units
above the Salado, examination of alternative conceptual models, validation of models
against data, and verification of models.

6. The performance assessment activities utilize input from databases and models of the pre-
ceding five activities. This activity designs, develops, and implements the comprehensive
performance assessment model, including hardware and software interfaces with the research
and development elements for modeling, verification, validation, sensitivity analysis, doc-
umentation, and the interface with regulatory agencies. This activity includes documentation
and demonstration of the calculations that comprise the model that assesses performance of
the Waste Isolation Pilot Plant as a geologic repository for nuclear waste. The model results
will be compared to the regulatory requirements of Code of Federal Regulations, Title 40,
Part 191 and portions of the requirements of the Resource Conservation and Recovery
Act. The comparisons will be a significant part of the basis of the disposai phase decision.

7. Theother activities are generally concerned with integration and management. These activities
include: interfaces with program oversight groups for responses to inquiries and audits,
and industrial safety; integration with waste acceptance criteria functions for transuranic
waste experiments and the definition of the inventory needed for performance assessment;
and quality assurance, general program management, administrative support, and support
for institutional activities.

Greater Confinement Disposal Project

Sandia was recently selected by the DOE Nevada Operations Office as lead laboratory for conduc tui:
the assessment of compliance for the Greater Confinement Disposal site. The Greater Confinenici 1!
Disposal site, located in the southeastern corner of the Nevada Test Site, is being considered for
permanent disposal of uncertifiable defense transuranic waste, greater-than-Class-C low-level
waste, performance-limited waste, nondefense-generated transuranic waste, and other DOE
sealed-source wastes.

Sandia’s role in the Greater Confinement Disposal project includes (1) technical program inte-
gration, (2) development of overall project strategy, (3) development and implementation of com-
pliance assessment strategy, (4) model development and application, and (5) systems configuration.

Waste Management Operations

Sandia’s program for waste management includes staff training, equipment and supplies, contractor
support, and costs associated with the management, collection, packaging, storage, transportation,
treatment, and disposal of chemical, radioactive, and mixed wastes in Albuquerque, New Mexico
and Tonopah, Nevada. The scope of the waste management program includes providing guidance
to Sandia gener-tors of waste; performing surveillance on compliance; providing qualified personnel
to interact with DOE and the EPA and states on matters concerning waste issues; preparing or
reviewing waste permit applications; and reviewing requirements changes to assess programmatic
impact. The waste management program is also responsible for collecting, storing, and arranging
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for off-site shipment, treatment, and disposal of wastes. RCRA storage occurs at 90-day accumulation
areas, interim status facilities, and at the permitted hazardous waste management facility.
Radioactive and toxic wastes are stored on-site at various facilities.

Waste Minimization Operations

The purpose of this activity is to plan and coordinate a program that will minimize the generation
of hazardous, radioactive, and mixed wastes and to develop a culture in which waste minimization
concepts become an integral part of all considerations. These efforts offer increased protection of
employee welfare, public health, and the environment.

The waste minimization program formally began in FY 1989. The waste minimization network,
made up of technical personnel in waste-generating organizations, was later created to facilitate
education and program implementation in Sandia organizations. A Waste Minimization Steering
Committee was also formed to advise and direct policies and procedures of the program and aid
in the allocation of waste minimization implementation funding.
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EM Anticipated Requirements
(Budget Authority in $ million)

(§FY 1995)
BY93  FY94 FY9S FY96 EY97T YR  FY99

Environmental Restoration

Operating 283 466 345 345 345 345 345
EM Corrective Actions
Operating 17
(apital equipment 04
General Plant Projects _05
Total 2.6
Waste Management*
Operating 648 560 742 742 742 742 742
Capital equipment 15 33 41 41 4.1 41 41
General Plant Projects 0.6 43
Total 669 636 783 783 783 783 783
Technology Development
Operating 251 37 37 B7 237 B7 217
Capital equipment 12 1.1 11 1.1 1.1 11 1.1
Total 263 248 248 248 237 237 237
Transportation
Operating 6.7 9.5 9.5 9.5 9.5 9.5 95
(apital equipment 0.2 03 03 03 03 0.3 03
Total 6.9 9.8 9.8 9.8 9.8 9.8 9.3
Transition Planning and Implementation
Operating 25 25 2.5 25 25 25
Total EM Funding
Operating 1266 1383 1444 1444 1444 1444 1444
(apital equipment 33 47 55 5.5 5.5 5.5 5.5
General Plant Projects 11 43
Proposed construction 3.6 37 8.0
Total 1310 1473 1499 1499 1535 1536 1579
*Includes WIPP

Research and Technology Development Programs



7-60

Energy Programs

Sandia supports the Department of Energy’s goals of providing secure and environmentally acceptable
energy supplies improving energy production, conversion, and use. Drawing upon more than
twenty years of broad experience in energy research and technology development, Sandia now
specializes in certain areas within this arena.

Our current programs comprise high-temperature superconductor research for electric power
systems, stationary battery storage system for utilities, geothermal energy systems, the solar electric
technologies (photovoltaic and solar thermal), wind energy, and industrial and transportation
applications. These programs providc a bridge to industry, allowing Sandia to develop a strong
record in technology transfer.

Assistant Secretary for Energy Efiiciency
and Renewable Energy

Sandia’s energy programs bring creative solutions to global energy problems, including the environ-
mental consequences of energy use. We place particular emphasis on nurturing renewable energy
technologies that establish a partnership with U.S. industry and provide economical, practical,
environmentally friendly answers to worldwide energy issues. We base our assessment of these
attributes on years of practical field experience, laboratory studies, and systems analysis.

Our programs are in the areas of energy management, renewable energy technology, industrial
technology, and advanced transportation. This work strives to establish technology bases that will
support the efforts of the private sector and to build confidence with industry and users to accelerate
their acceptance. Major activities include engineering studies to identify preferred system applications
and configurations, and fielding and evaluation of prototype systems.

Summary of Programs for Assistant Secretary for Energy Efficiency and Renewable Energy
(Operating BA in $ million)

B&R Code Program Title FY92 FY93 FY94 FY95
AK Electric Energy Systems 13 15 25 35
AL Energy Storage Systems 30 37 5.0 6.5
AM Geothermal Systems 5.0 71 15 74
EB Solar Energy 30.0 26.5 33 31.2
ED Industrial Sector 79 438 83 9.8
EE Tran- jortation Sector 17 24 33 2.5
EC Buildings Sector; and
EF State and Local Programs 03

Total 49.2 46.0 579 60.9
Percent of total operating funds 4% 4% 4% 4%

Electric Energy Systems (AK)

Sandia is developing p. actical, high-temperature superconducting wire and magnets that can be
used to improve the efficiency of electric motors, generators, and transmission lines and provide
fast-discharge energy storage in the form of superconducting magnetic energy storage.
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This work contributes to optimized high-temperature superconducting materials, conductor
fabrication technology, and to the design and evaluation of prototype devices that can improve the
economics and energy efficiency of electric power generation and distribution systems. We actively
involve industry in all of this work.

Energy Storage Systems (AL)

Sandia is working with industry to develop advanced rechargeable battery systems for utility energy
storage applications as part of the DOE Utility Battery Storage Systems program, which Sandia
manages and directs. Cost-shared contracts with industry partners provide the vehicle for systems
development in this area. Sandia's technical expertise is used to analyze the benefits of battery
storage in utility systems, to evaluate prototype batteries, and to do applied research.

Geothermal Systems (AM)

Sandia’s geothermal systems work is designed to increase the nation’s proven geothermal reserves
and assist industry in expanding geothermal power on-line. We are developing new drilling and
completion technologies to help expand the commercial use of U.S. geothermal resources. The
technologies we develop in this area can also be used in petroleum and mineral extraction.
Slimhole drilling is a new technique Sandia is perfecting to reduce drilling costs in assessing
hydrothermal reservoirs. Our major work in geothermal systems includes developing high-tempera-
ture instrumentation for geothermal wells, acoustic telemetry to transmit downhole data through the
drill pipe while drilling, and drilling a deep exploratory well in an active volcanic caldera in California.

Solar Energy (EB)

Solar Thermal

Engineers in Sandia’s solar thermal programs work with users and manufacturers of solar thermal
electric systems to increase the acceptance of solar thermal technologies as cost-competitive candi-
dates for power generation and to further their commercialization. Sandia operates the National
Solar Thermal Test Facility, where it evaluates solar thermal technologies and performs specialized
tests requiring high heat, a capability both government and industry use. Sandia provides technical
support to Solar Two, a cost-shared project with a consortium of utilities to upgrade the Solar One
power tower pilot plant using molten salt heat collection and storage technology.

Sandia conducts research and technology development with advanced solar thermal components,
dishes, heliostats, and receivers for dish and central receiver systems and performs systems design
and analysis and testing of components and systems. In a joint venture with industry, Sandia is
developing the first commercial dish-Stirling system. We operate a Design Assistance Center that
promotes the use of solar thermal technologies through services to manufacturers, operators, and
decision-makers and through educational outreach.

Photovoltaics

Sandia’s work with photovoltaics is centered on developing cost-effective, reliable photovoltaic
energy system technology, produced by U.S. industry, that is used for worldwide energy supplies.
Through its Design Assistance Center, Sandia teams with other agencies to accelerate development
and acceptance of the technology at home and abroad by offering technical expertise and evaluations.
Sandia uses its engineering skills to assist industry in developing high-performance, low-cost
one-sun and concentrator cells, designing cost-effective module technologies, and perfecting balance-
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Sandia researchers have
played a key role in
developing solar ther-
mal power technology
since the early 1970s.
Jim Chavez and Greg
Kolb are seen here
examining glasson a
25-foot-square sun-
tracking heliostat. Simi-
lar heliostats will be
used at “Solar Two,” the
upgraded commercial
solar power plant near
Barstow, California.

of-systems hardware. It assists industry by providing accurate performance measurements, and
reliability testing and evaluation.

Wind Power

Sandia is developing wind turbine technologies to provide viable and economical systems for
commercial power generation. Sandia conducts applied research in aerodynamics, structural
dynamics, fatigue, materials, and controls, including the systems integration of these areas, to
increase understanding of phenomena and provide more effective design tools.

Sandia has lead laboratory responsibility for Vertical Axis Wind Turbine technology and is
also developing appropriate cooperative activities with industry to transfer this technology to the
U.S. wind power industry. Sandia engineers are developing user-friendly analytical tools for
industry use, as well as identifying additional research needs.

Industrial Sector (ED)

Combustion Technology

Combustion work is performed at Sandia/California’s Combustion Research Facility and includes
experimental, theoretical, and computational investigations aimed at reducing energy consumption,
preserving the environment, and fortifying science and engineering foundations. This work utilizes
the unique laser diagnostic capabilities of the research facility.

Sandia collaborates on its combustion projects with industry and concentrates on work that will
reduce toxic emissions without compromising the efficiency of fuel use, developing improved tech-
nologies for high-efficiency, low-emission internal combustion engines, and improved environmental
technology systems for destruction of hazardous wastes.
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Materials Processing by Design

The programs working with industrial and manufacturing processes are striving to improve existing
processes and develop new ones that are commercially and environmentally acceptable tor the
chemicals, petroleum, durable goods, and semiconductor industries.

This work involves exploring the underlying physics, chemistry, thermodynamics, and fluid
mechanics of new processes for manufacturing commercially important chemicals, powders, com-
posites, coatings, and membranes. We maice predictive models of high-temperature chemicals and
materials synthesis processes that industry can use in its design, organization, and waste minimization
efforts. We also use laser-based sensors to monitor and control manufacturing processes in the
steel, chemical, petroleum, and semiconductor industries.

Advanced industrial Concepts/Materials Research

Sandia’s materials research work in the industrial technologies program: is tasked with providing
computer-aided design, synthesis, characterization, and testing of new enabling materials with the
potential for energy savings and waste reduction in industrial applications.

Currently, the focus is on developing chemically specific coatings, sensors, and membranes for
energy savings through improved processes, synthesizing composites by reactive metal infiltration,
producing lightweight structural materials with improved performance, and developing novel
catalysts for simultaneous conversion and separation of petrochemicals.

Advanced Industrial Concepts/Biochemical and Chemical Technologies Research
Sandia supports development of techniques for catalysis by design in projects that use computer-
aided molecular design of biomimetic carbon dioxide activation catalysts. ‘The goals of the research
include computer-aided molecular design of catalysts that mimic carbon-dioxide-activating enzymes,
development of improved molecular modeling techniques, structural studies of carbon-dioxide-
activating enzymes, synthesis, characterization, and testing of designed biomimetic catalysts, and
integration of successtul catalysts
into a solar-driven process.

The project involves collabo-
rative work with several industrial
and university groups.

Industrial Waste

Reduction Program

Sandia acts in partnership with
industry to develop and commer-
cialize cost-effective waste reduc-
tion technologies and practices.
The program focuses its combined
resources on the problems of
reducing wastes generated in
manufacturing processes and
improving energy efficiency of
industrial processes. The broad
goal is to stimulate, facilitate, and
coordinate development and trans-
fer of waste reduction and energy
savings technologies to industry.

Research and Technology Development Programs
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This diagnostic head
gasket, designed by
Peter Witze of Sandia’s
Combustion Research
Facility, earned a 1992
R&D 100 Award. The
gasket incorporates
ionization probes that
detect the position of
the flame in the cylin-
der, which permits
measurement of com-
bustion uniformity in an
engine under develop-
ment. Gaskets based on

this design are now
manufactured by DSP
Technology, Inc. of Fre-
mont, California.
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The program is being carried out in cost-shared projects with industry and involves characterizing
waste, assessing promising opportunities for waste reduction, and analyzing barriers to implementa-
tion of waste-reduction strategics. We transfer industrial waste reduction technologies to specific
companies and to industry as a whole.

Transportation Sector (EE)

Sandia is working to reduce the environmental impacts of the automobile by working on advanced
batteries, hybrid systems, and such activities as the clean-car initiative. Engineers at Sandia are
developing more efficient engine technology, improved emission catalyst and emission systems,
and improved batteries for electric vehicles.

Sandia has a cooperative research and development agreement with the U.S. Advanced Battery
Consortium for research and development on electric vehicle battery technologies. The objective
is to advance these technologies to a level of maturity that will encourage industry to become a
partner in the development program. If successtul, industry would then pursue manufacturing
development and commercialization of batteries for electric vehicles.



Office of Civilian Radioactive Waste Management

Effort for the Director of Civilian Radioactive Waste Management is expected to peak between FY
1993 and 2001. Sandia’s major activities address transportation and geologic disposal of spent fuel
and high-level radioactive waste.

Summary of Programs for Office of Civilian Radioactive Waste Management
{Operating BAin $ million)

B&R Code Program Title FY92 FY93 FY94 FY95
D8 Nuclear Waste Fund 16.6 15.6 252 254
Percent of total operating funds 1% 1% 2% 2%

Nuclear Waste Fund (DB)

The dominant effort in this program is the Yucca Mountain Project, an investigation to determine
the feasibility of siting a commercial nuclear waste repository in the volcanic tuffs of Yucca Mountain
on the Nevada Test Site. Sandia’s responsibilitics in this multifaceted project are to:

® Assess the performance of the repository system by modeling based on the design of the
system and the known characteristics of the site;

® Use the assessments to determine the system’s ability to comply with regulations;

o Use the assessments to guide the collection of data at the site and (.. support the further
design of the system;

o Perform laboratory tests and develop theoretical understanding of properties of tuff for
repository design and performance assessment;

® Develop predictive models that describe water migration in tuffand identify the important
parameters;

o Perform field tests to measure some properties of the rock in the repository system;

® Develop and evaluate conceptual designs for borehole, shaft, and drift seals for the repository.

The repository design resulting from this effort will be capable of handling high-level commercial
and defense wastes as well as spent fuel. Sandia published the conceptual design to support the Site
Characterization Plan in FY 1989. Our current role is to use our performance-assessment capabilitics
to help set requirements for site characterization and design and examine the design for its ability
to comply with regulations.

Our role in testing and performance assessment will be to help develop alicense application that
the DOE expects to submit to the Nuclear Regulatory Commission in 2001. Test results and analyses
of performance will be major contributors to the Commission’s examination of the repository
system’s ability to meet regulations,

Sandia’s Transportation Technology Center continues to support the program mission to
develop sate and cfticient systems for transporting spent fuel and for handling packages. The design
and production of actual systems for transporting commercial wastes to storage or repositories are
being performed in the private sector. Sandia will continue to participate in te-hnology-base and
technology-transfer activities that will be needed to certify the new generation of waste packagings.
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Assistant Secretary for Fossil Energy

The primary objective of Sandia’s fossil energy work is to develop technologies that will promote
the clean use of the nation’s coal resource and maintain a secure economic supply of natural gas
and crude oil. Sandia is obtaining basic information to use in designing, optimizing, and cleaning
up the current and next-generation coal combustion systems, developing advanced catalysts and
process concepts to convert coal to environmentally compatible liquid fuels, providing scientific
support to assure reliable design and safe performance ot undereround storage systems, and providing
geophysical instramentation systems for improved fossil energy reservoir diagnostics. Sandia also
works in research and development partnerships with the coal utilization industry and with the
petroleum industry. Sandia supports the Department of Energy Office of the Strategic Petroleum
Reserve, Our coal combustion programs interact strongly with U.S. industry through our Combustion
Research Facility users’ programs.

Summary of Programs for Assistant Secretary for Fossil Energy
{Operating BA in $ million)

B&R Code Program Title FY92 FY93 FY94 FY95
AA Coal 45 35 4.1 2.5

AB Gas 04 0.6 13 1.0

AC Petroleum 29 2.6 4.2 2.5
SA Strategic Petrcleum Reserve 19 2 25 25

Total 9.7 23 121 8.5

Percent of total operating funds 1% 1% 1% 1%

Coal (AA)

Coal Conversion

Sandia supports the research program implemented by the Department of Energy/Pittsburgh Energy
Technology Center through leading efforts in catalyst development for direct and indirect liquefaction
processes. This work involves studying coal reactivity, understanding the relationship of reactivity
to the molecular and macroscopic structure of coal, and developing advanced catalysts and catalytic
processes for coal con ersion,

Research is focused on the catalytic conversion of coal to liquid fuels at more moderate tempera-
tures and pressures with optimum hydrogen use and with effective removal of sulfur and nitrogen.
We are also using computer-aided molecular design techniques to study coal structure and design
catalysts for the direct conversion of light hydrocarbons to alcohols and other liquid fuels. Sandia
is establishing a center for the evaluation 0. catalysts for the Department of Energy’s Fine Particle
Catalyst Program.

Coal Combustion

Sandia uses its Combustion Research Facility in conjunction with the Department of Energy's Office
of Fossil Energy and with industrial partners in the United States to acquire the basic information
necessary to develop predictive models of the behavior of the organic and inorganic constituents
in commercially important coals from the United States to use in designing, optimizing, and
cleaning up the current and next generation of coal combustion systems.

institutiongt Plan by 1oud 199



The work includes determining the chemical kinetics and mechanisms of coal pyrolysis and
char oxidation, determining the significance to the quality of coal on unburned carbon in the exhaust,
conducting pilo. cale research to establish the mechanisms of transtormation, release, and deposition
ofinorganic species during coal combustion, developing user-oriented models to predict the combus-
tion and behavior of the ash of coals from the United States in current and in the next-generation
coal combustors, and developing and validating optical diagnostic sensors for in situ measurement
of state properties, gas species composition, and particulate loads in coal combustors,

Gas (AB), Unconventional Gas Recovery

The objectives of the natural gas program are to improve the production of natural gas from low-
permeability gas reservoirs by combining comprehensive geologic characterization with the
development of new reservoir stimulation technology.

Sandia performs geotechnical studies in the areas of sedimentology and natural fractures, geo-
mechanics and in situ stress, and reservoir stimulation. Sandia is developing a methodology to aid
industry in understanding and exploiting natural fracture systems in western basins.

Petroleum (AQ)

The petroleum program has two parts: advanced extraction process technology and improved oil
recovery. Sandia is developing superior geophysical techniques for improved reservoir characteri-
zation and in situ process monitoring. A key etfortis the development of advanced computational
capabilities for design and assessment of the many different source receiver variations that are possible,
and the interpretation of field data by both torward and inverse analyses. Selected methods are
evaluated in field experiments conducted at various sites in conjunction with other national labo-
ratories, industry, and universities.

Inaddition, Sandia is developing technologies that will improve production and recovery of
the domestic oil resource. A reservoir simulation capability has been developed and applied that
describes and predicts resistivity changes. Sandia measures in situ stresses and other long-term
phenomena at the Ekotisk Field in the North Sea, in conjunction with Phillips Petroleun, which
has led to a concept of geomechanics for reservoir management that views reservoirs as dynamic
systems that must be studied with full awareness of their changing conditions over their lifetimes.
Sandia participates in the Oil Recovery Technology Partnership, a joint program with Los Alamos
National Laboratory, to match technology with the needs of the petroleum industry.

Strategic Petroleum Reserve (SA), Storage Facilities Development

Sandia is developing technology to enable safe underground crude oil storage for the U.S. Strategic
Petroleam Reserve and to support commercial underground storage of petroleum liquids and
natural gas. The program involves site characterization, engineering design assistance and evaluation,
and it fields instrumentation to provide long-term cavern monitoring, validate cavern creep closure
modcls, assess the integrity of wells and casings penetrating the caverns, and certify the integrity of
caverns. Inaddition, engineers address specific geotechnical problems, such as the potential impact
of water leaks on withdrawal of oil from mines, and conduct studies to determine optimum cavern
drawdown scenarios based on geotechnical considerations.

The technology developed for cavern creation, testing, and operation is currently being applied
to commercial cavern development for natural gas storage under a technology transfer program.

Research and Technology Development Programs
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Office of Nuclear Energy

Current efforts for the Office of Nuclear Energy focus principally on existing and advanced light
water reactor technology. Nuclear power is an essential component of this nation’s energy supply mix,
and its environmental advantages are becoming appreciated considering worldwide concern over
the emission of greenhouse gases from fossil-fuel power plants. The United States has invested over
$200 billion in nuclear power facilities that generate 20 percent of its electricity. Nuclear power plants
are licensed for 40 years, but studies indicate that plant life could be extended by an additional 20 to
30 years. Ifan average of 10 years additional operation could be gained, $170 billion would be saved.

Specific activities emphasizing Sandia’s strengths include studies of systems concepts and tech-
nology evaluation, safety and reliability analyses, electronic devices operating in severe environments,
aging management techniques to ensure equipment functionality, component testing, enginecring
of high-reliability components, and knowledge of materials behavior and degradation. Sandia has
devised a step-by-step methodology for evaluating plant equipment (focusing on systems, structures,
and components that are subject to age-related degradation) that may pave the way for safe, extended
operation of nuclear power plants. The methodology is endorsed by the nuclear power industry
as its technical approach to license renewal.

These efforts are expected to remain steady at current funding levels for Sandia given new
administrations’ goals to support only the light water reactor concepts.

Summary of Programs for Assistant Secretary for Fossil Energy
(Operating BA in $ million)

B&R Code Program Title FY92 FY93 FY94 FY95
AA Coal 45 35 41 25
AB Gas 04 06 13 1.0
AC Petroleum 29 26 4.2 25
SA Strategic Petroleum Reserve 19 21 25 2.5

Total 9.7 8.8 121 85
Percent of total operating funds 1% 1% 1% 1%

Nuclear Energy Research and Development (AF)

The objectives of this work are to improve the safety, reliability, and cost-effectiveness of commercial
light water reactors, to enable license renewal of existing light water reactors and demonstrate new,
simplified regulations fr siting of advanced light water reactors.

Sandia operates the Light Water Reactor Technology Management Center for DOE, Activities
are focused on developing and implementing reactor safety features and concepts that offer significant
safety improvements and longer operating lives, and on developing approaches for improving the
reactor licensing process. Projects include studying the technical, institutional, and economic aspects
ofextending the licensed lifetimes of commercial nuclear power plants, conducting technical studies
in support of DOE’s nuclear regulatory reform activities and evaluation of Nuclear Regulatory Com-
mission regulations under development, and applying new techniques to the reactor licensing process.

We work with the nuclear power industry to resolve technical issues associated with extending the
usetul lives of operating light water reactors and demonstrating the carly site approval for advanced
light water reactors. In addition, we will be investigating improved approaches to the licensing of
nuclear power generation plants and exploring technological developments in support of future
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nuclear plant designs. This work is closely coordinated with industry, universities, and other
national taboratories.

These programs form a basis for closer cooperation with industry. We have formed technology
alliances with industry to couple Sandia’s strengths with the nuclear power industry’s experience
and knowledge to address issues of importance to current and future nuclear power plants.

A radiant heat array designed by Keri Sobolik and her colleagues is the heat source for simulating hypothetical accidents in nuclear
reactors. A similar array will be configured within Sandia’s new cylindrical boiling test facility and will simulate various heat patterns
that may be created in a reactor accident. The facility will test the flooded-cavity passive safety design.

Research and Technology Development Programs 7-69



7-70

Science and Technology Programs

Sandia conducts numerous projects that contribute to the Department of Energy’s science and tech-
nology mission. They include established activities in Scientific Computing, Basic Energy Sciences,
and Magnetic Fusion Energy. Research in global climate change for the Oftice of Health and Envi-
ronmental Research (OHER) is an emerging responsibility. The use of advanced computational
techniques pervades all of these activities. Also, a robust suite of educational outreach efforts promote
improvements in the nation’s science and mathematics education infrastructure.

"These science and technology activities are found in every phase of Sandia’s development cycle,
which develops solutions by integrating rescarch, development, and application. Examples include
geoscience and technology, combustion science and technology, and scientifically tailored materials.
In each of these cases, basic research is integrated directly into achieving the objectives of DOE
technology programs. Also, cach of these areas is characterized by numerous, vigorous interactions
with U.S. industry. In the coming vears, these activities are expected to provide a basis for new DOE
initiatives, missions, and roles.

Office of Energy Research

Sandia’s Basic Energy Sciences activities provide a solid scientific foundation for many energy and
manufacturing related technologies. Underpinning these activities is a vigorous research program
—supported by the Office of Scientific Computing— in the development and application of advanced
computational techniques. The Basic Energy Sciences projects include a national responsibility in
combustion science.

We expect to expand basic research during the planning period. Our magnetic fusion energy
projects support both a long-term, nationally coordinated program and U.S. participation in the
International Thermonuclear Experimental Reactor design project. In support of the Oftice of Health
and Environmental Research, we are developing instrumentation and algorithms for measuring
water vapor and cloud distributiens. Sandia also provides DOE-wide technical direction of the
emerging program in unmanned acrospace vehicles and small satellites.

Summary of Programs for Office of Energy Research
(Operating BA in $ million)

B&R Code Program Title FY92 FY93 FY94 FY95
AT Magnetic Fusion 5.6 6.5 6.2 6.8

KC Basic Energy Sciences 224 21.8 211 26.0

Kp Biological and Environmental Research 0.8 0.4 0.1 0.3

KS Superconducting Super Collider o R (A 01

Total 28.8 28.7 275 332

Percent of total operating funds 2% 2% 2% 2%

Magnetic Fusion (AT)

The goal of Sandia’s magnetic fusion program is to develop a technology base to support the design
of components that will perform satisfactorily in fusion plasma environments. To achieve this goal,
we study the interactions of plasmas and materials, the behavior of materials exposed to high heat
fluxes, and the interfaces of plasmas and fusion reactor walls.
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Extensive analysis of prototypes is required before components can be qualified for operation
in fusion machines. Thisactivity involves selecting, specitying, and developing materials for plasma-
facing components exposed to high heat and particle luxes. Materials samples and prototype
components are tested in Sandia’s Plasma Materials Test Facility. This facility utilizes high-cnergy
electron beams to generate high heat fluxes that simulate fusion reactor environments.

Sandia provides direct support to U.S. and international fusion machines. This support includes
diagnostics, tritium inventory assessments, and materials studies for the Princeton Tokamak Fusion
Test Reactor; material analysis and diagnostic development for General Atomics DH-D Advanced
Divertor Project; and a full toroidal belt Advanced Limiter Test (ALT-11) system tor the TEXTOR
tokamak in Germany. Sandia has recently designed and installed on the Tora Supra tokamak iu
France an actively cooled pumped limiter capable of steady-state operation at heat fluxes of 30
million watts per square meter.

In all of these experiments, Sandia participates in machine operation and provides specialized
diagnostics and data analysis for evaluating plasma material interaction processes, boundary layer
plasma control, and plasma-facing components. In addition, Sandia continues to collaborate on
plasma material interaction and high-heat-Hux issues with both the Joint European Torus in Abingdon,
United Kingdom, and the JT-60U in Japan. Recently, at the direction of the Department of Energy,
Sandia has entered into cooperative exchanges on plasma-facing component development with
several laboratories in Russia.

In 1992, an international agreement was reached between the United States, Japan, the European
Community, and Russia to embark on a six-year engineering design activity for the International
Thermonuclear Experimental Reactor (ITER). Sandia is supporting this project by providing per-
sonnel to manage the program at the ITER in Garching, Germany. Sandia also has a major role in
research, development, and design of plasma-facing components for the U.S. etfort.

Continued international cooperation is essential to the success of the International Thermonuclear
Experimental Reactor project. Domestically, development of plasma-facing components for ITER
will be a cooperative effort between
Sandia and other national laboratories
(Argonne, Oak Ridge, Idaho, Lawrence
Livermore, and Los Alamos), universities
(UCLA, Princeton Plasma Physics
Laboratory, University of lllinois, Uni-
versity of Wisconsin, University of
New Mexico, North Carolina State
University, Pennsylvania State Univer-
sity), and industry (headed by McDon-
nell Douglas and including Ebasco,
General Atomics, Westinghouse,
Rocketdyne, and others). Sandia is
coordinating this multisector coopera-
tive etfort for the U.S. ITER Home Team.

Sandia’s expertise in development of
materials and components for magnetic
fusion systems will also be utilized in
support of the Tokamak Physics Exper-
iment, which has been proposed as the
next major U.S. plasma confinement
experiment, and in support of the Large
Helical Device, a stellarator confinement
device being built by the Japanese
National Institute for Fusion Science.
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vacuum

Molecular dynamics is a powerful simulation tool for studying the microscopic properties
of organic molecules such as polymers, proteins, and DNA. Simulations of even small
organic molecules are computationally demanding. The functional and catalytic actions
of such molecules are often determined by their three-dimensional shapes; conse-
quently, one must model the molecule in its medium (e.g., in solution or in arrangement
with other molecules). In this representation, a siloxane-based liquid-crystal molecule is
simulated in three environments: in a periodic crystal, in a globular cluster of 27 mole-
cules, and in a vacuum. The equilibrium shape of the molecule after hundreds of picosec-
onds is shown. With continued advancement in algorithm development and hardware,
the “holy grail” of organic molecule simulation—the study of large-scale protein folding
—may be within reach in a few years.

Sandia’s computational sciences
research is aimed at developing mas-
sively parallel computing methods
and a software infrastructure for par-
allel computing. Research in parallel
computing focuses on the development
of parallel algorithms for solving the
partial ditferential equations of physics
and engineering. Research in software
infrastructure for parallel computing
covers such areas as graphics methods
and visualization, static and dynamic
load balance methods, parallel operat-
ing systems, performance evaluation
methods, and hybrid programming,
models and languages. This program
is designed to unleash the performance
and cost performance advantages of
massive parallelism on important
DOE problems.

Advanced computing technologies
are very important to national and
economic security. Sandia has made a
commitment to play a leading role in
the national High-Performance Com-
puting and Communications Program.
Sandia has leadership of two Depart-
ment of Energy Grand Challenges:
Computational Design of Catalysts
and Biocatalysts and Rational Drug
Design. We also have a major algorithm
development responsibility for Global

Climate Modeling, a grand challenge led by Los Alamos. Our work on massively parallel computing
has been recognized by several national and international awards, including the Gordon Bell

Award, the Karp Prize, and two R&D 100 awards.

The Massively Parallel Computing Research Laboratory at Sandia/ New Mexico provides

prototypes of advanced, high-performance computing technology, including advances in scalable
massively parallel algorithms, graphics and visualization, and systems software. Part of our strategy
is to form interdisciplinary partnerships with Sandia’s DOE Defense Programs applications to create
new, breakthrough simulation capabilities. [t is also part of our strategy to move such advances
quickly into industry through appropriate technology transfer mechanisms.

The Center for Computational Engineering at Sandia/California is chartered to help scientists
and engineers in industry make use of massively parallel processing to solve problems that are
impracticable on conventional machines. The center focuses primarily on software engineering
for applications. Applications currently being pursued include pharmaceutical design (for example,
drug/organism interactions and “designer chemotherapy™), and global climate change. Rescarch
at the Center for Computational Engineering includes methodologies for problem specification,
code generation, data management, and theorems for performing proofs of software correctness.
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Basic Energy Sciences (KC)

Projects that support the Office of Basic Energy Sciences comprise several leading research efforts.
Larger projects include combustion research and scientifically tailored materials. Smaller projects
include engineering and geoscience research.

Chemical Sciences

Combustion Research

Sandia’s largest project for the Office of Basic Energy Sciences is conducted by the Combustion
Research Facility in Livermore, California. In this designated DOE user facility, Sandia staff and
visiting researchers develop advanced research methods and apply them to the study of fundamental
combustion processes.

The Office of Basic Energy Sciences supports both basic research in combustion sciences at the
Combustion Research Facility and the operation of the facility as a research center available to a wide
variety of users. Among the major users are staff supported by the DOE offices of Fossil Energy
and Energy Efficiency and Renewable Energy, who conduct industry-oriented research in transient
and continuous combustion, including coal and biomass processes, and in advanced materials
synthesis. One measure of the impact of these programs is the award by Research and Development
magazine ofa 1992 R&D 100 award for the development and application of advanced internal
combustion engine diagnostics.

DOE sponsorship and policies facilitate a vigorous visiting scientists program that attracts
approximately seventy long-term users to the Combustion Research Facility every vear. Visiting
scientists conduct and publish basic and applied combustion research. Visitors come from industry,
universities, and government-sponsored organizations such as the national laboratories. Their
participation in activities of the Combustion Research Facility is an important vehicle for transferring
new combustion technology to a large user community. An active pustdoctoral research program
contributes both to advanced training of combustion scientists and engineers and to the facility’s
research productivity.

The continuing research programs at the Combustion Research Facility help maintain U.S.
preeminence in the science and technology of combustion. Facility staff represent the United
States in the International Energy Agency programs on Energy Conservation in Combustion.
International Energy Agency activities involve collaboration with foreign scientists in engine
studies and coal research through an informal exchange program.

The long-range objective of the Combustion Research Facility is to accelerate the development
of combustion technology to maximize its impact on energy efficiency, fuel utilization, environmental
protection, industrial productivity, and equipment design. Principal research conducted for the
Office of Basic Energy Sciences’ Chemical Sciences Division includes combustion diagnostics,
combustion chemistry, reacting flows, and combustion modeling.

Combustion Diagnostics— One of the primary thrusts of the combustion research program
is the development of advanced diagnostic techniques. Because of their nonintrusive nature
and great versatility, laser-based optical techniques receive the strongest emphasis. Laser-induced
fluorescence, Raman spectroscopy, and multiphoton wave mixing are among the diagnostic
methods being developed. These techniques are used to measure temperatures, species concen-
trations, and other parameters of importance to the understanding of combustion phenomena.

Combustion Chemistry — The work in combustion chemistry improves our understanding of

the complex chemical processes involved when fuels burn. The program emphasizes determining
the rates and mechanisms of elementary chemical processes, and it stresses the close coupling
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of experiment, theory, and modeling. The modeling of experiments conducted in low-pressure
flames yields insight into the dominant chemical reactions involved in combustion.

Related efforts address fundamental questions of molecular dynamics that must be answered
to develop models of processes important to energy-producing technologies. Themes of current
emphasis include the formation and destruction of nitrogen-containing pollutants, the oxidation
of hydrocarbons, and chemical paths leading to soot precursors in rich flames.

Reacting Flows — A multidisciplinary program in reacting flows establishes an important
link between fundamental studies of combustion chemistry and the “real world” of practical
combustion. The objective of this program is to increase our understanding of the fundamental
interactions between chemistry and fluid dynamics in combustion. Research results are being
used to improve predictive capabilities for turbulent combustion of hydrocarbon fucls.
Experimental studies include flows involving complex fluid mechanics but simplified chem-
istry. These flows are used to probe primary turbulent transport mechanisms.

Combustion Modeling— Sandia’s combustion modeling program emphasizes the develop-
ment of numerical methods to predict the mutual influences of reactions and fluid transport
mechanisms. Our current modeling research is developing a fundamental understanding of
important subprocesses so that future simulations will contain more realistic chemical and
physical descriptions of combustion phenomena. We are directing growing emphasis on the
inclusion of fully detailed chemical mechanisms in advanced combustion models that require
state-of-the-art computational capabilities for their execution.

Materials Sciences

Sandia’s Materials Sciences program comprises three clements: Scientifically Tailored Materials,
Defects and Impurities in Solids, and the Synthesis and Processing Center. The effort in scientifically
tailored materials has a strong research theme that supports the development of advanced manufac-
turing technology relevant to the semiconductor industry.

Scientifically Tailored Materials

Our program in scientifically tailored materials combines Sandia’s expertise and experimental
and theoretical capabilities in solid-state sciences, atomic-level diagnostics, and materials synthe-
sis and processing to produce new classes of materials that can be tailored for specific properties
and applications.

An important goal of the scientifically tailored materials program is to explore how capabilities
developed in various projects can be used to enhance the competitiveness of U.S. industry. Toward
this goal, we frequently interact with representatives from industry, universities, and the national
laboratories to define critical needs and plan collaborative efforts. Many cooperative rescarch and
developmentagreements with industry have grown out of rescarch performed under this program.

Current research includes the physics and chemistry of ceramics synthesis and processing, the
use of energetic particle beams for the synthesis and study of materials, high-temperature and organic
superconductors, tailored surfaces and interfaces for materials applications, chemical vapor depo-
sition sciences, strained-layer and artificially structured semiconductors, advanced growth techniques
for improved semiconductor structures, boron-rich solids, and atomic level science of interfacial
adhesion. Considerable synergy exists among these program elements, and most of them share
common themes based on either the science or the use of common synthesis and processing
approaches. These themes are: synthesis and processing, epitaxial materials growth, surfaces and
interfaces, energetic particle beams and high-transition-temperature superconductivity.
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Physics and Chemistry of Novel Superconductors— The novel superconductors project
investigates electronic, structural, and chemical properties of inorganic, high-temperature
superconductors and organic superconductors. The goal is to develop a fundamental under-
standing of the physics ot superconductivity in these materials. These studies are integrated
closely with an extensive synthesis and processing program designed to produce materials
with tailored properties.

Strained-Layer Semiconductors— Rescarch on compound semiconductor strained-layer
superlattice structures represents pionecring, award-winning work in this area. A strained-layer
superlattice consists of many thin layers, each a few tens of angstroms thick, o alternating single-
crystal semiconductor materials. They typically are made from the more common periodic
table class [11-V semiconductors, such as GaAlAs, GaAsP, InGaAs, or InAsSb. The multiple
thin layers behave macroscopically like new semiconductor materials. Their structures exhibit
electronic and optical properties entirely different from those of the constituent materials. The
combination of the thin layers and lattice strain allows flexibility in tailoring the properties of
these “new” materials. Sandia is applying these new semiconductors to the development of high-
speed, field-effect transistors to provide world record pertormance, as well as optoelectronic
emitters, detectors, and novel optoelectronic mirror devices.

Chemical Vapor Deposition Sciences— The objective of the chemical vapor deposition sciences
project is to explore the basic physics and chemistry of chemical vapor deposition as it is used
in the synthesis of materials, particularly thin films. Our research thus far has concentrated on
semiconductors and other materials used to make semiconductor devices. However, the under-
standing gained in this research is applicable to other classes of materials such as coatings
resistant to corrosion and wear, high-temperature superconductors, optical materials, and
reduced-friction coatings. The work will be extended to these materials.

Energetic Particle Synthesis and Science of Materials— Basic research in the energetic particle
synthesis and science of materials project is conducted on the interactions of ion, electron, laser,
and plasma beams with metals, semiconductors, and diclectrics. The objectives of the project are
to explore materials synthesis and modification with energetic particles, to create new materials
and determine their properties, and to advance materials processing by elucidating relevant
fundamental processes using the unique capabilitics of energetic beams.

Physics and Chemistry of Ceramics— The objective of this project is to develop a fundamental
understanding of the atomic and molecular processes that govern the structure and properties
of ceramics. The ultimate goal is to improve ceramic processing by gaining a better understanding
of the underlying chemical and physical principles.

Atomic-Level Science of Interfacial Adhesion— This new scientifically tailored materials
initiative deals with the atomic-level science of interfacial adhesion. Despite the pervasive
nature of adhesion problems in materials science and engineering, solutions are almost always
the result of trial and error. Significant technological and economic gains can be realized by
developing a scientific basis for the field of interfacial adhesion. This will allow the selection of
material combinations to provide specific interfacial characteristics. Motivated by this need,
the purpose of this initiative is to understand —at the atomic level of detail — the nature of the
physical and chemical interactions that bind solid surfaces together.

In other research in the Scientifically Tailored Materials program, we are investigating the

atomic-level processes that control the growth and properties of thin-surface layers, as well as
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Peter Feibelman and

Gary Kellogg view a
model of a stepped
metallic surface.
Stepped or terraced
surfaces are the subject
of research that won a
BES Materials Sciences
award. On the tableis
a model representing
the face-centered cubic
structure of metals such
as aluminum, platinum,
and nickel. In the back-
ground at right is a field
ion microscope similar
to the one used to verify
that atoms move on cer-
tain metal surfaces by a
process of substitution.

il

exploring the use of jon, laser,
and electron-beam excitation
of surfaces during epitaxial
growth of semiconductors to
control the kinetic energy of
surface atoms to extend the
range of tailorable epitaxial
materials. We are also exploring
potential applications of boron-
rich solids, which have unique
bonding, electronic, and trans-
port properties when used as
high-temperature semiconduc-
tors. These refractory materials
appear promising for use in
high-efficiency thermoelectric
energy generators and as neu-
tron detectors.

Defects and Impurities in
Solids (Computational
Materials Science)

Crystalline defects and impurities
often determine the propertics
of solids. Thus, the understand-
ing and control of these imper-
fections are crucial to technological applications of solid materials. Developing fundamental
understanding of these defects and impurities is the goal of this project.

Unique experimental and theoretical tools developed in this program are combined to study struc-
tural defects and impurities in solids and on surfaces. The experimental tools are high-resolution
transmission electron microscopy, high- and medium-energy ion scattering facilitics, video low-
energy electron diffraction with [-V capability, surface analytical tools, scanning tunneling micro-
scopy, and low-energy electron microscopy. Theoretical tools developed and employed include
quantum chemistry codes, local density approximation/pseudopotential methods, the embedded
atom method, and cluster functional methods for large-scale atomistic computer simulations.

These experimental and theoretical capabilities are used to study grain boundaries, interfaces,
and surfaces in metal alloys and intermetallic compounds; impurity segregation to these boundaries;
and the interactions with dislocations, gas bubbles, and defect clusters. Growth of metal layers on
substrates is investigated using scanning tunneling microscopy, low-energy electron diffraction,
and low-energy electron microscopy. Theoretical models are developed for the nucleation and
growth kinetics of thin film layers. High-resolution transmission clectron microscopy, in con-
junction with large-scale computer simulations, is used to resolve the dislocation core structure in
intermetallic compounds, and to analyze the dislocation network configuration and evolution
during plastic deformation.

Many of the results generated by this research project are utilized in concurrent development
and engineering projects at Sandia and other national laboratories. Inaddition, the dissemination
to materials science programs at universities and industrial research and development laboratories
is conducted through the Sandia visiting scientist program in computational materials science. Col-
laborations with industry are also carried out via cooperative rescarch and development agreements.
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Synthesis and Processing Center

Sandia has overall responsibility for coordinating activities within the DOE Center of Excellence
for the Synthesis and Processing of Advanced Materials. This center is a coordinated, cooperative
venture among the following institutions: Ames Laboratory, Argonne National Laboratory,
Brookhaven National Laboratory, Idaho National Engineering Laboratory, University of lllinois
Materials Research Laboratory, Lawrence Berkeley Laboratory, Lawrence Livermore National
Laboratory, Los Alamos National Laboratory, National Renewable Energy Laboratory, Oak Ridge
National Laboratory, Pacific Northwest Laboratory, and Sandia. The center brings together elements
of the existing Basic Energy Sciences Materials Sciences core programs at these laboratories that
emphasize materials synthesis and processing. The center’s objective is

to enhance the science and engineering of materials synthesis and processing in order to meet
the programmatic needs of the Department of Energy and to facilitate the technological
exploitation of materials.

Synthesis and processing are essential elements of materials science and engineering that deal
with the assembly of atoms or molecules to form materials, the manipulation and control of the
structure at all levels from the atomic to the macroscopic scale, and the development of processes
to produce materials for specific applications. Synthesis and processing span the range from fun-
damental research to technology application.

The goals of basic research in this area range from the creation of new materials and the improve-
ment of the properties of known materials to the understanding ot such phenomena as diffusion,
crystal growth, sintering, and phase transitions. On the applied side, the goal of synthesis and pro-
cessing is to translate scientific results into useful materials by developing processes capable of
producing high-quality, low-cost products,

Geosciences

Sandia’s basic research in geosciences includes activities in the areas of geology, geophysics, geo-
chemistry, geomechanics, energy resource recognition and utilization, and scientific drilling.
Research focuses on dynamic processes in the earth’s crust. Individual research projects are supported
for investigations in the following areas: instrumentation development, geophysical imaging, fluid
flow, in situ stress determination, and mineral surface interactions.

Sandia is developing an instrument for sampling hydrothermal Auids and gases directly from
boreholes. This tool will have application in both sea-floor and deep continental drill holes.

Ina cooperative project with the Massachusetts Institute of Technology, Sandia is developing
a down-hole seismic source for cross-borehole shear-wave imaging, with application to oil and
gas exploration.

Computational algorithms are being developed for inversion of electromagnetic data for three-
dimensional structure. These codes will have application in both energy extraction and environmental
remediation.

Through computer simulation with a lattice gas automata algorithm, Sandia is modeling fluid
flow through complex geologic media. An experimental approach to fluid flow characterization is
being applied at Carlsbad Caverns. Travel times through fractured limestone from the surface to the
cave are being documented in a unique field study of oxygen isotopic data collected from drip waters.
Another ficld-based experiment, in cooperation with Lawrence Livermore National Laboratory, uses
hydraulic fracture to study stress in a deep borehole in the volcanic Long Valley caldera of California.

Sandia’s geochemical investigations study the kinetics of silicate mineral reactions in the pres-
ence of waterana  ermine the rates at which selected ions diffuse into minerals at geologically
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Jeff Morgan displays
the electronics of the
receiver unit of an oil
exploration borehole
seismic system devel-
oped by Sandia. The
system is designed to

do high-speed seismic
mapping from bore-
holes up to 15,000 feet
deep at temperatures
up to 400 degrees F
and pressures exceed-
ing 8,000 psi.

relevant temperatures. Advanced analytical techniques and computer simulations of molecular
interactions are utilized in these investigations.

Wealso provide lead engineering support for research drilling in the Continental Scientific
Drilling Program. Eight drilling projects have been completed to date. Current wort is focused on
a project to drill into the plumbing system of Katmai Volcano in Alaska, which erupted in 1912,
Sandia is working with the United States Geological Survey and the National Park Service on por-
tions of the Environmental Impact Statement related to drilling operations.

The objective of the geosciences basic rescarch activity is to develop an understanding of geologic
processes ata fundamental level. Projects change every two to four years, so the focus of the program
evolves to support changes in DOE interests. The program is coupled closely to related technology
programs, with objectives such as nuclear waste facility design, petroleum exploration and storage,
environmental restoration, and geothermal energy exploration.

Engineering Sciences
Sandia research in support of engineering sciences includes several projects that seek to improve
our understanding of the physics of fluids. As part ofa study of multiphase flow problems, we have
teamed with the Massachusetts Institute of Technology and Los Alamos National Laboratory to
investigate suspensions cf particles in Newtonian and non-Newtonian liquids by developing new
theories, conducting numerical simulation, and carrying out experiments. This work has resulted
in determining the effects of microstructures on the macroscopic properties of suspensions.
Sandia is also developing and validating a statistical model of molecular mixing in turbulent
flow. This mod=! will be used to predict and interpret experimentally observed phenomena. Ina
recent eftort, we are using optical techniques to investigate the supercritical water oxidation
process. This process holds promise in applications to destroy toxic and hazardous wastes.

Biological and Environmental Research (KP)

During the past several years, global climate change has come to the forefront
of the world’s and the nation’s science and policy agendas. While most scientists
agree that energy-related emissions will give rise to a man-made “greenhouse”
warming effect, there is uncertainty about the magnitude and timing of this
phenomenon and its distribution.

To better understand these issues, the government has embarked ona
U.S. Global Change Research Program, with the Department of Energy a
major participant. Seeking to support DOE in this role, we have drawn on
Sandia expertise in remote sensing (from ground, air, and space), field test-
ing, systems engineering, and massively parallel computing to perform the
following program elements:

I.  Develop novel instruments and algorithms for measuring water
vapor and cloud distribution — two of the key uncertainties in
current climate models.

Water vapor is the major “greenhouse” gas playing a key role in
cloud formation and in driving atmospheric circulation through the
release of latent energy. Yet, available instruments lack the vertical and
temporal resolution required to adequately study water vapor profiles.

Working with NASA, we have developed the next generation of
a laser-remote sensing technique, Raman lidar, for providing those
high-vertical-resolution water vapor profiles, both at night and
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during the day. We plan to implement this technique at one of the DOE Cloud and Radiation
Testbed sites, to study questions related to the distribution of upper tropospheric moisture
—an important but poorly understood issue.

While Raman lidar is a particularly robust way of measuring water vapor profiles from
the ground, different laser techniques are required for the longer ranges characteristic of
air and space measurements. To this end, we are developing a miniature-package water
vapor ditferential-absorption lidar for small aircratt or unmanned aerospace vehicles.

Clouds are the other key feedback parameter. Uncertainty in radiation-cloud feedback
accounts for most of the uncertainty in predicted temperature rise for a doubling of atmos-
pheric carbon dioxide. Yet, it is very difficult to measure even the most basic of cloud para-
meters, its shape, let alone measure the microscopic properties that affect the interaction of
the cloud with the earth’s radiation field. Therefore, we have developed a novel set of algo-
rithms that make use of the motion of the clouds for extracting geometric information about
cloud fields (for example, the cloud base heights) from sets of whole-sky imaging cameras.

We are now embarking on using Sandia’s experience in massively parallel computing
to develop novel ways of fusing these data with complementary data from sources such as
satellites and radars to produce true three-dimensional maps. We also are developing a
miniature cloud radiometer to provide key radiative properties such as cloud albedo,
droplet size, and phase (ice or water). This miniature cloud radiometer will be compatible
with both small unmanned aerospace vehicles and small satellites,

[§]

Manage one of DOFE’s planned atmospheric radiation measurement sites.

The Department of Energy’s Atmospheric Radiation Measurement program seeks to
improve the understanding of radiation-cloud interactions by studying these processes at
a series of intensively instrumented cloud and radiation test-bed sites. The third of these
sites, scheduled to begin cperation in FY 1996, will be located on the North Slope of Alaska.
This locale was chosen both because the polar region is the heat sink in the overall climate
engine, and because the pole, with its extremes of insolation (six months of daylight, six
months of night), humidity (wet summers, dry winters), and surtace albedo (highly
reflective snow which then melts), provides a stringent test of the understanding of radia-
tion-cloud interaction gained at the earlier sites. Sandia is the manager for this site and is
responsible for its planning, implementation, and operation. Also, we work closely with
scientists at the University of Alaska to formulate the science plans and coordinate the
Atmospheric Radiation Measurement program with other rescarch activities in the Arctic.

3. Serve as technical director of the Department of Energy’s multi-laboratory thrusts
in unmanned aerospace vehicles and small satellites for climate studies.

While the initial phases of atmospheric radiation measurement have emphasized ground-
based measurements, it was recognized from the start that one also needs air- and space-based
measurements to provide information aboul radiative luxes, water vapor profiles, and
cloud top properties in the atmosphere and to extend the range of these measurements to
regional and global scales.

While conventional aircraft and satellites can meet part of these needs, they cannot meet
all of them. For example, current aircraft cannot operate for multiple days at the tropopause.
DOE has proposed major initiatives to use a new generation of small unmanned aerospace
vehicles, small satellites, and associated miniature instruments to fill these key measurement
gaps. DOE has selected a Sandian as technical director and coordinator of this multi-labo-
ratory/multi-agency program. Sandia’s role includes program formulation and direction,
payload integration, and instrument development. Initial phases will emphasize the use of
unmanned aerospace vehicles.
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Office of Science Education and Technical Information

TheSan  _ducational Outreach program consists of an extensive, interrelated set of projects
supporting scientific and technical education for students, teachers, and faculty. Each of these
projects helps improve scientitic and technical education. Sandians interact with students, teach-
ers, parents, and institutions to enhance public understanding of science and mathematics and
increase the number of students choosing careers in science and technology. S ipport programs
exist for all educational levels, from kindergarten through post-baccalaurcate, and across a range
of constituencies, local, state, and national.

These efforts are funded by the Assistant Secretary for Defense Programs, the Office of Energy
Research, and other program secretarial offices, as well as the Office of Science Education and
Technical Information, which administers the DOE educational initiatives.

Summary of Programs for Office of Science Education and Technical Information
(Operating BAin $ million)

B&R Code Program Title FY92 FY93 FY94 FY95
KV University and Science Education 1.0 3.0 21 2.0
Percent of total operating funds <1/2% <12% <12% <1/2%

University and Science Education (KV)

Sandia’s ~cience and mathematics education programs are varied and address the needs of educa-
tional populations at all levels. Examples include the Hands On/Minds On Technology Program
for fifth through twelfth-grade minority students; the DOE Teacher Research Associates summer
employment program; and local sponsorship of the Math/Science Network’s Expanding Your
Horizons conferences that encourage high school girls to pursue technology carcers.

The innovative Science Advisors (SCIAD) project focuses primarily on support for teachers
as the most efticient way to achieve outreach goals. With the direct support of DOE, SCIAD places
Sandia technical staft in public elementary and middle schools, as well as in Bureau of Indian Affairs
schools, one day a week. Sandia personnel enhance science teachers’ understanding of scientitic
principles, contribute to the science curriculum, and develop demonstrations and experiments
for the classroom. Now in its third year, the project serves more than 150 schools and is being
emulated by other agencies.

Sandia interacts extensively with universities for research services, technical expertise, campus
recruiting, faculty development, facility sharing, and technology transter. As an active corporate
citizen, Sandia also supports local educational institutions. Universities provide continuing educa-
tional opportunities for on-roll employees and help shape the cultural climate of the communitices
inwhich we live.

Outreach to Underrepresented Groups

Sandia extends outreach opportunities in California and New Mexico to populations that historically
have low rates of participation in technical professions. Several initiatives targeted to minorities,
girls, and women encourage accelerated education in mathematics and science as well as career
exploration and teacher training,
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Sandia programs, such as Adventures in Supercomputing, train teachers of minority populations
and ofter participating schools the use of supercomputers and other forms of assistance. This and
other programs (for example, the Bay Area Science and Technology Education Collaboration)
support curriculum develupment in science and mathematics for diverse student populations.
Sandia cosponsors local “Expanding Your Horizons in Science and Mathematics” conferences
for high school girls to introduce them to career opportunities in science and technology. A docu-
mentary cosponsored by Sandia entitled “Breaking Through” is intended to spark career interest
in science and technology among girls in junior and senior high school and will appear on public
television. Sandia extends itself wherever possible to introduce future mathematicians, scientists,
and engineers to career opportunities.

Many undergraduate, graduate, and training programs help bridge the gap between secondary
schooland career. These efforts include Summer Employment for Minority Youth and students
from Historically Black Colleges and Universities, One-Year-On-Campus, the National Consortium
for Graduate Degrees for Minorities in Engineering, and the National Physical Science Consortium
for female and minority doctoral fellows.

Although statistics on minority group participation are not collected, the scope of Sandia’s
math and science outreach program grows annually, both in numbers of programs and individuals
who benefit

b

Sandia technical staff member Mary Clare Stoddard talks to two high-school women at the Expanding Your Horizons career fair in San
Ramon, California. This event, which Sandia helps sponsor locally every year, introduces young women to the variety of technical careers.
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Students at Sandia Base
Elementary School in

Albuquerque learn
principles of math and
science from Sandian
Larry Salgado. Larry
received the Secretary
of Energy’s 1991 Com-
munity Service Award
for outstanding service
to the community.

] Pre-College Projects

Science and Mathematics
Education Enhancem.nt

Hands On/Minds On Technology
— Sandia offers three individual
projects in the Hands On/Minds
On Technology program: Hands
On/Minds On Technology for fifth
through twelfth grade Black stu-
dents, Dream Catcher Science Pro-
gram for American Indian students,
and MANOS for Hispanic students.
These projects are oftered to middle
school Black, American Indian, and
Hispanic students, who take classes
during the evening tor several weeks.
Classes are taught principally by
Sandia employees in subjects such as
physics, chemistry, geology, elec-
tronics, mathematics. and computer
literacy and general science.

National Science Bowl — As part
of the National Science Bowl, Sandia
hosts regional competitions for
high school students in New Mexico and California. In 1992, 22 high school teams from New
Mexico and 15 from California participated in this science, mathematics, and technology
question-and-answer tournament. The Sandia team from New Mexico placed second while
the Sandia team from California placed fifth in the national finals held in Washington, D.C.
Nationwide, the program involves more than 12,000 students from 2,000 high schools.

New Mexico Supercomputing Challenge— In New Mexico, more than 500 high school
students design and run programs through the New Mexico Supercomputing Challenge.
Sponsored by a number of statewide organizations, the program involves youth in mathematics
and computational science projects, then otfers scholarships to promising students to attend
New Mexico universities, The pre gram fosters student creativity in applying computational
solutions to scientific problems. Open to all secondary schools, this statewide competition
brings students together in problem-solving teams. Experts from national laboratories and
research universities coach students in supercomputer use. Sandia provides instructors for the
challenge and finds coaches for teams.

Rural/American Indian Science Education Project — Sandia scientists, engineers, and
technicians serve as long-distance consultants to science and mathematics teachers in cural
and American Indian schools. Sandia personnel enhance instruction by providing guidance
on the implementation of classroom experiments and providing examples of state-of-the-art,
practical, scientitic applications. The Sandian assigned to a school will visitit once cach semes-
ter and interact with faculty from the school ona weekly basis by phone or teleconference,
Schools currently in the projectare located in Arizona, Maine, New Mexico, North Carolina,
North and South Dakota, and Oregon.
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Science/Math Carnival — Science play at the Science/Math Carnival makes learning fun for
clementary school students and encourages teachers to teach science and mathematics. 'The carni-
val ofters up to 14 hands-on activitics. Stafted by volunteers from a pool of 180 Calitornia Sandians,
the Science/Math Carnival visited 80 schools during the 1992-93 school year. Curriculum
materials for before and after the carnival are being developed for the classroom.

School Links Program — Sandia/California places volunteers math and science tutors, as
wellas other volunteers, in local schools. Last year 68 volunteers participated.

High School Science Student Honors Program — T'his two-week summer program is
designed to introduce high school honor students in science to a diverse range of engineering
rescarch topics, including solar energy, waste management, microelectronics, optoelectronics,
robotics, and other areas. Through laboratory activities, lectures, and tours, we bring the
excitement of engineering research to these students and offer them a deeper appreciation of
the challenges and rewards of technical achievement. In all activities under this program, we
stress the importance of respect for the environment, safety, and health.

Career Exploration for Students

Albuquerque Public Schools Career Exploration Program Half-Time— T'his program
provides half-time employment at Sandia/New Mexico for senior high school students. Students
work independently on projects with assistance and mentorship from engineers and scientists.

Work-Study Trainee Project— This project is directed toward economically disadvantaged
students enrolled in occupational education programs.

Youth Opportunity Training (YOT) Program — The YOI program is dirccted toward
economically disadvantaged high schooland post-secondary students. Program goals are for
students to understand principles learned in the classroom, determine occupational inclinations,
identity career options, experience the disciplines and rewards of work, and carn income to
continue their educations.

Teacher Training and Curriculum Development
Science Advisors Project— This project is designed to enhance the mathematics, science,
and engineering education of large numbers of students by helping teachers become more
knowledgeable and comfortable in teaching those subjects. The project assigns an engineer,
technician, orscientist to support the faculty at an elementary or middle school one day a
week foran entire school year. Currently, about 200 Sandians and 178 schools in New Mexico
participate in the program. One unigue benefit of the Science Advisors Project is that it does
not target a particular group of students, but rather maximizes the benefit for all children.,

Summer Teacher-Enrichment Project— This project provides an opportunity for middle
schooland high school teachers to upgrade their knowledge and skills through practical work
experience inareas related to their educational specialties and through exposure to programs
and projects at Sandia.

Teacher Research Associates (TRAC)— This DOE-sponsored program provides opportu-
nities for scientific and engineering research during the summer for outstanding high school
science and mathematics teachers. Under the auspices of the Association of Western Univer-
sities, TRAC ofters summer rescarch opportunities throughout the nation.
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Adventures in Supercomputing — 1his DOE-funded effort bolsters computer literacy and
scientific understanding among teachers. At no cost to schools, Sandia and two other national
laboratories offer participating schools the use of high-performance computers, software, net-
works, and expertise, A two-week summer institute ——at Sandia for New Mexico teachers—
introduces instructional materials for teaching computational science. Italso demonstrates
software applications and examples of high-level tools for modeling scientific problems.

Bay Area Science and Technology Education Collaboration (BASTEC) — Sandia/Calitornia
has joined with three other Bay Arca DOE laboratories, the Oakland Unified School District,
local businesses, industries, and other groups to improve mathematics, science, and technology
education in the Oakland schools. A Summer Technology Institute explores curriculum
development based vn Science/Math Carnival exhibits. Under BASTEC sponsorship, Sandia
also offers opportunities for summer employment to teachers and students and manages min-
igrants to support selected class projects,

Science Seminars—-Open to all teachers in the San Francisco Bay area, Sandia Science Seminars
comprise a series of lectures that describe the science behind the headlines. Sample lectures in
1992 were Groundwater Cleanup, The Search for Extraterrestrial Intelligence, and Nuclear
Archeology in [raq.

Science Education for Public Understanding Program (SEPUP) Collaboration —
Directed by the Lawrence Hall of Science, SEPUP develops strategies for teaching middle
school science in a societal context. In a stimulating, hands-on format, it presents the science
behind current events. Using SEPUP materials, Sandia/California has sponsored training for
master-teacher teams. They in turn train middle school science teachers in Livermore and
Oakland, California. Sandia staft provide technical expertise as part of the SEPUP curriculum
development team and furnish continuing support to schools in Oakland and Livermore. The
success of this collaboration has led to the creation of a month-long institute for teachers at
Sandia, “SUPER!” (Science Understanding Promotes Environmental Responsibility).

Math Through Applications— This program improves students” mathematics competency
and shows them how math relates to everyday life. The DO and NSF-funded projectisa col -
laboration between Sandia and the Institute for Research on Learning in Palo Alto, California,
as well as the School of Education at Stanford University. The project applies real-life perspec-
tives to math projects tor sixth through ninth grade students in inner-city schools. Instruction
modules comprise experimental demonstrations, computer simulations, and computer pro-
gramming. Ata Summer Institute, hands-on projects show inner-city teachers how mathematics
is used in various real-world applications,
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Educational Program Participation
(Estimates of individuals participating or affected)

Pre-College Projects:
Hands On/Minds On Technology
National Science Bowl
New Mexico Supercomputing Challenge
Rural/American Indian Science Education Project
Math/Science Carnival (California)
School Links Program (California)
Albuquerque Schools Career Exploration Half-Time
Work-Study Trainee and Youth Opportunity Trainee
Science Advisors Project
Summer Teacher Enrichment Project
Teacher Research Associates*
Adventures in Supercomputing
Bay Area Science and Technology Education Collaboration (California)
Science Seminars (California)
Science Education for Public Understanding Program
Math Through Applications (California)
High Schoot Science Student Honors Program

Undergraduate Projects:
Co-op Education
Histarically Black Colleges and Universities*
Las Positas College Scientific Honors Program (California)
Minority Engineering Program
Outstanding Student Summer Program
Science and Technology Alliance*
Summer Employment for Minority Youth

Graduate Projects:
Graduate Engineering Interns
National Consortium for Graduate Degrees for Minorities in Engineering
One-Year-on-Campus
Postdoctoral Internship
Postdoctoral Program

University Faculty Projects
Partnership for Environmental Technology Education (California)
University Faculty Summer Employment/Sabbatical
Sandia/UNM Distinguished Professor Program
Doctoral Study Program

* Program sponsored by DOE Headquarters
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Undergraduate Projects

Co-op Education— T'his program provides opportunitics for undergraduate students to
acquire meaningful laboratory experience by alternating work experience with college studics.
Work assignments arc caretully matched to individual interests, and the technical challenge
increases as a student’s education advances.

Historically Black Colleges and Universities— Sandia is an active participant in this DOE-
sponsored summer program that otfers summer employment to exceptional junior, senior,
and graduate enginecring and science students, as well as faculty, from historically Black col-
leges and universities. Students carn academic credit for participating in rescarch and prepar-
ing technical papers.

Las Positas College Scientific Honors Program — Through this initiative, academically
outstanding and financially disadvantaged, first-generation college, or minority students gain
summer work experience at the Sandia/California facility.

Minority Engineering Program— The program provides advising, tutoring, and mentorship
for Hispanic and American Indian engineering students at the University of New Mexico.

Outstanding Student Summer Program — Students of engineering and science from the
junior level through Ph.D. are offered opportunities for summer work experience in a labora-
tory environment.

Science and Technology Alliance — Sandia is a major participant in this DOE-sponsored
program. It is a consortium of three national laboratories (Sandia, Los Alamos, and Oak
Ridge) and three educational institutions (Fundacion Educativa Ana G, Mendez, New
Mexico Highlands University, and North Carolina A&T State University). AT&T has joined
as the first industry participant. The Science and Technology Alliance was created in Novem-
ber 1987 for the purpose of increasing the representation of Blacks, American Indians, and
Hispanics in the scientific and engineering programs of DOE and other government agencies
and private industry. [t was established as a developmental effort to assist participating univer-
sities in upgrading their infrastructures and increasing collaboration with national laboratories.

Summer Employment for Minority Youth— Begun in 1990, this program provides
summer employment for minorities who are high school juniors and seniors or university
freshmen and sophomores. The program is designed to provide real-world work experiences
in technology fields. It targets only students with mathematics and science interests and
imposes no financial criteria.

Graduate Projects

Graduate Engineering Interns— Similar to a co-op program, this program provides
opportunities for graduate students to acquire meaningful laboratory experience by alternating
work and academic experience. Itis available during the academic year,

National Consortium for Graduate Degrees for Minorities in Engineering— Sandia
participates in this consortium of university and industry members. It provides opportunitics
for minority students to obtain masters degrees in engineering through a program of paid
summer engineering internships and financial aid.
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One-Year-on-Campus— To help meet Sandia’s need for minority engineers and scientists,

bachelor-degree candidates are hired and allowed to attend school full-time for a year. In specific
disciplines where Sandia has difficulty recruiting at the masters level, bachelor-level employees
are hired and allowed to attend school full-time for two years to complete their masters degrecs.

Postdoctoral Internship — Sandia hosts postdoctoral students in areas of research where
Sandia expertise or facilities provide a good match for students’ interests.

Postdoctoral Program — Outstanding job candidates with Ph.D.s in technical fields are
exposed to the Sandia work environment through this postdoctoral program. The program
encourages a continuous flow of top scientists and engineers into Sandia.

University Faculty Projects

Partnership for Environmental Technology Education (PETE)— In partnership with other
DOE facilities, Sandia works with community colleges in five western states to develop envi-
ronmental and waste management programs. Sandia manages the PETE Summer Internship
Program, an eight-week, in-depth opportunity for college instructors to study hazardous-waste
management practices at DOE, NASA, and EPA facilities.

University Faculty Summer Employment and Academic Year Sabbatical — These two
programs attract outstanding professors from universities nationwide. Participating individuals
make meaningful contributions to Sandia’s technical expertise. At the same time, they have the
opportunity to engage in interesting, mission-oriented work. These professors are brought
on-roll as temporary employees to work on research and development projects specified by
Sandia organizations.

Sandia/UNM Joint Appointments Program— This collaborative program seeks new faculty
members for positions in fields important to both the University of New Mexico and Sandia.
Appointees devote half-time to teaching at the university and half-time to research at Sandia
for two years.

Sandia UNM Distinguished Professor Program — Under this arrangement, outstanding
professors join the University of New Mexico and are permitted to perform research at Sandia
under contract,

Sandia University Research Program — This faculty development program provides
research funds for faculty members at the three Ph.D.-granting institutions in New Mexico.
The program is limited to new faculty and is usually the first funding they have received. This
“seed money” is sufficient only to fund one graduate student, pay the summer salary of the
faculty member, and reduce the teaching load during the academic year. Funding is limited to
research that is of interest to the sponsoring Sandia organization and has a maximum dura-
tion of two years,
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Work for Other Department of Energy Locations,
Contractors, and Offices
Sandia performs work for other Department of Energy elements as requested to support program-

matic and institutional requirements. These elements may include field operations and facilities of
the nuclear weapons complex as well as special programs administered by DOE headquarters offices.

Summary of Programs for Work for Other Department of Energy Locations, Contractors, and Offices
(Operating BA in $ million)

B&R Code Program Title FY92 FY93 FY94 FY95

Office of Economic Impact and Diversity

WAS0 Minority Economic Impact Program 0.5 0.7 0.7 0.6

All Other 33. 30.8 394 41.2
Total 336 315 40.1 138
Percent of total operating funds 3% 2% 3% 3%

Minority Economic Impact Program (WA50)

Sandia conducts or participates in several minority education development and support programs
under the sponsorship of DOE’s Office of Minority Economic Impact and Diversity. They include:
DOE’s Science and Technology Alliance; the University of New Mexico Minority Engineering
Program Model; a joint Sandia/Los Alamos Middle School Rural Teacher Training Program;

. The Sandla Natlonal Laboratorles Engmeerlng Bualdmg atthe UnuverSnty ‘of Turabo ln Puerto RICO was so named to recognized the role

of several Sandlans who helped establish the umverssty s new: ‘School of Engmeerlng ‘The bualdlng was dedicated on March 4; 1993
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Sandia’s Science Advisors Program; and support of the engineering program at the University of
Turabo in Puerto Rico. Sandia played a major role in the development of the school of engincering
at the University of Turabo. These and other education outreach programs are discussed beginning
on page 7-80.

All Other

We assist other DOE locations with facility safeguards and security. We have a broad base of
experience in this field as it relates to nuclear materials and operations.

Sandia developed and delivered the Device Transport Vehicle (DTV) to DOE’s Nevada
Operations Office for use at the Nevada Test Site (NTS). This vehicle substantially upgrades the
safety and security of nuclear explosive test devices from their point of assembly at N'T'S to their
point of emplacement for detonation.

Wealso developed a software security system evaluation tool called ASSESS. This tool has
been used at many DOE sites to help identify security needs and the adequacy of upgrades.

Sandia is involved with the Portsmouth Gaseous Diftusion Plant in the design and implementation
of their alarm communications and display system. We are providing an integrated safeguards
system with Los Alamos National Laboratory at the Argonne National Laboratory West that will
provide physical security and materials accounting features. We are also consulting with a number
of other sites, including Savannah River, Y-12, Pantex, Allied Signal, Mound Laboratories, Lawrence
Livermore, and Bettis Naval Reactors.

We are playing a major role in the Waste Energy Conservation program sponsored by DOE’s
Oftice of Waste Reduction. This program is an alliance between DOE, including Sandia and Los
Alamos national laboratories, and industry for the purpose of stimulating the development and
transter of waste reduction and energy saving technologies to industry.

Research and Technology Development Programs
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Work for Non-DOE Entities
(“Work for Others”)

Approximately 25 percent of Sandia’s programmatic eftort is work for agencies other than DOE;
about 80 percent of that etfort is tor the Department of Defense. These programs exercise and
strengthen the capitalized resources we maintain for the nuclear weapons programs. They also
make cost-effective use of existing federal investment for technological needs in areas such as con-
ventional defense, strategic defense, treaty verification, microclectronics, manufacturing, transporta-
tion, biotechnology, and space. The technology base developed through our work for DOE has
established expertise and capabilities not usually found in industry or in other government agen-
cies; hence, opportunities to contribute technological solutions to agencies other than DOE not
only help solve national needs, but also help maintain our abilities to perform our DOE missions,

Before undertaking a work-for-others project, we ascertain that no interference with DOE
weapon programs will result. Acceptable projects will involve problems of national importance
that reasonably match our DOE missions and capabilities and are feasible in terms of program
goals and availability of required assets. We are allowed to undertake only work for which we have
special capabilities as a consequence of our technical expertise or facilities. Many of our work-for-
others sponsors utilize Sandia’s strong systems integration capabilities to provide rapid proto-
types to quickly identify and resolve critical technical issues. Often, this work is completed jointly
with or transterred to private industry, requiring our involvement only so long as needed to meet
the sponsor’s objectives.

Summary of Programs for Work for Non-DOE Entities (“Work for Others”)
{Operating BA in $ million)

Agency fY92  BY93  FY94  FY9S
Nepartment of Defense 2912 295.0 275.0 260.0
Nuclear Regulatory Commission 138 14.5 13.2 143
Department of Transportation 33 55 7.0 7.5
National Aeronautics and Space Administration 3.2 4.2 3.0 31
Department of State 0.5 05 0.3 1.0
Environmental Protection Agency 0.2 0.6 0.7 15
Other Federal Agencies 26.3 513 189 346
All Other 136 66 294 34.8
Total 3521 378.2 3415 356.8
Percent of total operating funds 27% 29% 25% 26%

Department of Defense

Air Force

Sandia has long collaborated with the Air Force in the development of satellite instrumentation,
weapon subsystems, and physical security systems,

We are continuing to support Air Force satellite programs with special flight instrumentation
systems, sensors, and ground processing capabilitics to meet unique requirements. These activities
include providing sensors and data processors for satellite tactical and surveillance missions and

Tetitugionad Plonc by 1ol jsun



providing ground-based calibration and data processing systems to support these missions, Currently,
anuclear burst detection sensor is being developed for the Air Force Space and Missile Systems
Center that will work in conjunction with the DOE-funded Global Burst Detector deployed on
the Global Positioning System satellite constellation.

Sandia has developed and is now installing and testing an Integrated Correlation and Display
System (ICADS) for processing data from nuclear detonation sensors. Both space- and ground-based
detection systems are under development. We are also developing a distributed network of computer
systems to assist in the monitoring of subsurtace phenomena (underground and underwater).

In programs for the protection of space assets, we are developing a laser sensor system and a
ground station capable of detecting, characterizing, and reporting laser irradiation directed toward
a satellite from ground-based or airborne sources. Sandia has achieved a state-of-the-art capability
in the design of high-data-rate, survivable, radiation-hardened, integrated communication systems
and is in the process of codifying the design rules for such devices for the benefit of detense electronics
manufacturers.

Sandia has unique technical capability in the area of mobile command and control centers
that can survive v a nuclear environment. We are engaged in a proof-of-concept project for a
transportable, survivable, multi-shelter command center for the Strategic Command and the
Strategic Target Planning Staft. Similar work will produce a prototype command center to meet
the requirements for mobile, survivable command centers for the North American Aerospace
Defense Command and the United States Space Command.

Hesearch and Techaology Develupmaent Progreos

Two Topaz Il space
nuclear power systems,
shipped from Saint
Petersburg, Russia,
arrived in Albuquerque
in May 1992.
Researchers from the
Air Force's Phillips Lab-
oratory, Sandia and Los
Afamos national labora-
tories, and the Univer-
sity of New Mexico are
studying the reactors.
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Sandia and the Air Force Central Inertial Guidance Test Facility are continuing the development
ofasmall, high-accuracy, ring laser gyro inertial navigation system. This system is being developed
for mancuvering reentry vehicle applications but will be used by the Air Force ina scoring system
to evaluate other missile guidance systems.

Sandia is working closely with the Air Force Phillips Laboratory to support the Department of
Defense thermionic space reactor program. The Thermionic System Evaluation and Test program
involves nonnuclear testing of a Soviet TOPAZ 11 reactor. Weare developing the test schedule and
providing the test director and technicians. In addition, we are developing computer software that
can be used to predict test results as well as the response of thermionic space reactor systems under
various transient conditions. Finally, we provide technical expertise to assess the potential of various
thermionic space reactor designs.

Activities in support of U.s. Air Force physical security programs include systems design and
development of weapon storage vaults; intrusion detection, communications, and assessment tech-
nology; and participation in evaluating the needs and appropriate application of these technologies
to specific sites. Air Foree organizations with whom these activities are undertaken include Electronic
Systems Division of Systems Command, Electronic Security Command, Tactical Air Command,
U.S. Air Force Europe, and other smaller organizations. These cfforts draw directly upon and sup-
plement our experience in providing security technologies for the DOE nuclear weapons complex.
Weare now soliciting proposals to transter some of these technologies to private industry.

Navy

Building on the successful relationship with the Navy that produced integrated arming, fuzing, and
tir g systems for the Mark 3 and Mark 4 reentry bodies, Sandia developed an integrated arming,
tuzing, and firing system for the Trident [1/Mark 5 weapon program that provides fuzing options
to enhance effectiveness against hardened targets. The Trident [I/Mark 5 development program was
completed in 1991, and first production to support initial operating capability is nearly complete.

Sandia supports the Submarine-Launched Ballistic Missile Effectiveness Enhancement Program
(sponsored by the Navy Strategic Systems Projects Office) with development and characterization
of flight processors and sensors and technical support for experiments. The effort utilizes Sandia’s
experience base in nuclear weapon development engineering and applies it to a related area that
could have significant strategic importance. The Laboratories’ experience in navigational guidance
and control with radiation-hardened microelectronics will be used in the development of a new
flight computer. In addition, alternative warhead designs for SLBMs are being prepared.

Weare also providing engineering services and technical evaluations of ordnance and explosive
components used on the C3, C4, and D3 missiles and D5 launch and closure dome removal systems.
The work involves conducting ordnar ¢ failure investigations and assisting in development of
corrective actions where required.

Materials modeling and structural analysis, developed by Sandia in earlier weapons development
work for DOE and Do, are being applied to Navy problems of assessing the lethality of conventional
warheads against various targets. This work for the Naval Underwater Systems Center uses analytical
and experimental techniques to determine the onset of material failure and the propagation of damage.

Sandia has performed reimbursable work in support of Marine Corps expeditionary force
capabilities. Drawing upon our expertise in sensor technology and rugged microelectronics, we
developed a family of remote, unattended ground sensors for perimeter security, battlefield route
surveillance, and support ofamphibious assaults,

Our experience with deployable sensor systems has led to the development of a Mini Intrusion
Detection System for the armed services and other federal agencies. This system provides advanced,
cost-effective patrol security for small installations. Sandia’s competency and experience base in
sensor-based security systems may have application to a variety of unique government requirements.
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Our capabilities in providing robotics for the physical security of DOE sites have led to the
development and demonstration of tele-operated battletield vehicles. We are also providing con-
sultation as these concepts are pursued by the Marine Corps and private industry for further
development and production.

Army

Because of our unique expertise in analysis, design, numerical modeling, gun testing, and evaluation
ot nuclear projectiles, the Army Human Engineering Laboratory and Army Rescarch Development
and Engineering Center requested that Sandia provide hardware, test support, and data processing
for a demonstration of the Video Iming Projectile designed and tested by Sandia.

The Army has further requested that Sandia assist in the precompetitive phase of a development
program for a reconnaissance projectile that will provide target identification, target location, and
damage assessment for field artillery units. This capability will be developed by integrating the Sandia
Video Imaging Projectile concept (which provides video images ofa target area) with the Harry
Diamond Laboratories’ Global Positioning Satellite fuse program (which provides spatial location
of the projectile). This joint program will provide the Army with suficient data to generate require-
ments and performance specifications for a competitive development of the reconnaissance projectile.

Sandia has unique experience in the design of safe, secure transportation containers for hazardous
and radioactive materials. The Army has asked Sandia to apply this expertise to the design, testing,
and development of a container for the transportation of chemical munitions on military installations.
Private sector fabrication of a fleet of such containers will be supported by Sandia.

Wearealso developing and qualifying a container for safe air transportation of the Army’s
tactical nuclear weapons, which must be returned to the continental United States for destruction.

Wehave developed an improved, all-electronic safing and arming system for the Patriot missile.
The safing and arming technology embodied in the Patriot system was deveioped in the DOE
nuclear weapons program. The design is being transferred to industry for production, and we are
currently qualifying a supplier for the Army.

Sandia also has unique experience in the design, integration, and testing of terrain-referenced
navigation algorithms. Using this experience base, we are applying the Defense Mapping Agency’s
Digital Land Mass System Level-1 Digital Elevation Data to the terrain-referenced navigation and
terrain capabilities of the Army’s JOHS58C helicopter.

Sandia’s parachute and control system technologies are being used to develop high-speed,
low-level, airdrop resupply systems. We are exploring guidance concepts to defeat high-value
battlefield targets and are studying the effects of low-observable materials on survivability in the
battlefield of the tuture.

Ballistic Missile Defense Organization

The Ballistic Missile Defense Organization sponsors a broad range of research on technologics
relevant to Sandia’s prime mission as well as to its own programmatic goals. We provide support
inanumber ofareas where we cither have special capabilities or unique facilities and where the work
complements our DOE mission responsibilities. We plan to continue working in the arcas of dis-
crimination, countermeasures, space power, pulsed power, threat definition, space survivability,
space experiments, and theater ballistic missile defense.

The countermeasures evaluation activity stems from our experience in nuclear weapon
design, our previous activities in reentry vehicle technology, and the application and evaluation of
concepts that could make strategic and theater nuclear weapons more robust against a strategic
defense. This work will help provide a baseline from which may be evaluated the cost-cffectiveness
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and cost to the adversary of deploying countermeasures should any specific concept be fielded by
the United States. Our activities in threat definition help provide a better understanding of both
near-term and long-term strategic and theater ballistic missile threats.

The Missile Defense Actof 1991 provided Congressional direction to develop the capability to
deploy limited ballistic missile defenses by 1996 or when technically teasible, This mandate placed
apremium on the timely execution of rocket missions that are needed in the development of ballistic
missile defense technology. Sandia’s rocket launching test facilitics in Tonopah, Nevada, and Kauai,
Hawaii, allow flight testing of instrumented vehicles. The Kauai facility has been upgraded and is
capable of launching STARS (Strategic Target Systems) boosters. Sandia will Hy up to four STARS
missions per vear during the next ten to twelve years. We anticipate continuing to use this upgraded
facility to support flight tests for both the Ballistic Missile Defense Organization and the DOE
nuclear weapons program.

Sandia builds unique, instrumented targets for experiments conducted for the Ballistic Missile
Detense Organization and the U.S. Army Strategic Defense Command. In order to provide more
uniform assessment of proposed strategic defense system elements, a baseline target set has been
defined consisting of target vehicles and potential penetration-aiding articles developed by Sandia.
The experiments are launched from Vandenburg Air Foree Base and from Kauai Test Facility.
The Operational Deployment Experiment Simulator (ODES) is a target deployment platform
being built for several experiments that will be lown on the STARS missile system,

Sandia has expertise in weapon system analysis that will be used to evaluate the utility of smart
mines in the Theater Missile Defense application. We will evaluate and demonstrate this innovative
concept for intercepting missiles during the boost phase of flight. The work will require detailed
concept definition ofall subsystems; rigorous analysis of the concept with regard to sensors, command
and control, and launch detection; and test planning and execution tor several demonstrations
against simulated targets. We will contract with industry for technical and hardware support in
the demonstration tests.

We have continued to develop our capabilities to model space nuclear power systems for strate-
gic defense applications, and we have produced comparative evaluations of the various systems
for the Ballistic Missile Defense Organization, DOE, Air Force, and Army. Our work also involves
developing instrumentation and control technology and independent analyses of safety features,

Sandia’s capabilities in the area of radiation hardening serve as a foundation for evaluating meth-
ods and penalties for enhancing the survivability of objects in space through hardening of the clectron-
ics and structure, as well as evaluating methods for maneuverability, shootback, and other features,

Capabilities developed primarily for the inertial confinement tfusion program and for above-
ground effects simulation are being applied for a future need to launch many satellites into low carth
orbit. The Sandia coil gun project, sponsored by the Ballistic Missile Defense Organization, has
advanced through concept feasibility. In addition, new split-cavity oscillator microwave sources
for high-power microwaves are being developed in the interest of more compact jammers, radars,
and weapons.

Finally, we provide direct support to the Ballistic Missile Defense Organization’s Phase One
Engineering Team (POET). In the past, we have chaired the threat specification group for this team.
We provide advanced computing capabilities and have developed massively parallel tracking and
correlating programs that can handle scenarios thousands of times larger and more complex than
was possible in previous etforts. The potential for real-time tracking and correlation in realistic
strategic defense scenarios will be demonstrated soon. We expect to continue to participate both
in threat specification evaluation and command and communications issucs.
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Advanced Research Projects Agency

Beginning in 1993, the Advanced Research Projects Agency (ARPA) is sponsoring the National
Center for Advanced Intormation Components Manufacturing (NCATCM) at Sandia to provide
aresource for integrating tederal and commercial rescarch and development of advanced infor-
mation components. This integration will provide the capability for the United States to greatly
compress the time to translate research and development into commercial and defense products.
The center will complement other Do) microelectronics, optoelectronics, and small-area, liquid-
crystal-based display programs. Los Alamos and Lawrence Livermore national laboratories will
also support the center, along with representatives from industries and universities,

By providing space and equipment to support development of agile manufacturing processes for
large tlat-pancl optical displays and microelectronics, the center will allow industry and government
researchers to exploit a wide variety of disciplines and competencies available at the Laboratorics,
These competencies include microclectronics and photonics, advanced electronics systems packaging,
materials science and processes, printed-circuit fabrication, and other product development tools,

Research will concentrate on agile manufacturing technologies associated with advanced silicon
integrated circuits, high-speed optoelectronic communications, and electronic systems and sub-
systems. Researchin large flat-pancl displays will benefit from the consolidation of supporting
technologies at a single site. Manufacturing research will focus on developing agile manufacturing
processes for Hat-panel products for both defense and industry.

Information components manufacturing programs will benefit from several DOE manufacturing
development facilities at Sandia, such as the Process Development Laboratory, Microelectronics
Development Laboratory, Compound Semiconductor Research Laboratory, Center for Advanced
Manutacturing Technology, Microelectronics Quality/Reliability Center, and the recently announced
Center for Microelectronics Technologies.

Beyond technology-specific assistance for the production of essential components, the center is
expected to address a systematic US. weakness in the development of advanced manufacturing
technologies. 1t will pioneer and refine approaches to assist the transtormation of U.S. manufacturing
to knowledge-based distribution and control systems for the factories of the future. By integrating
lessons learned tromits three associated pilot manufacturing centers, the center will develop rules
and systems tor distributed knowledge-based production methodologies featuring open architectures
and universal connedtivity.

Other work for ARPA includes the evaluation of kinetic znergy penetrators and the exploration
of the technical issues related to hypersonic weapon systems, Sandia’s Rocket Sled Facility provides
a unique testing capability to evaluate the key technical issues associated with deployment and
lethality at hypersonic speeds.

Othar Department of Defense Organizations

The Joint DoD/DOE Munitions Technology Development Program, enabled by the 1985 Dol)/DOE
Memorandum of Understanding, is a jointly funded etfort of research and development to pursue
innovative warhead, explosive, and fuze technologies and to improve nonnuclear munitions tech-
nology across all service mission arcas. Projects pursued under this program include energetic
materials, armor/anti-armor, guidance and control, smart mines, countermines, and systems studics,
Each topical area under this program is overseen by a Technology Coordination Group that acts
as liaison between DoD and DOE and establishes a channel for technology exchange. Composed
of technical experts from cach agency, these groups work to ensure maxinmum benefit from the
program. Technology Coordination Groups establish measurable deliverables and realistic schedules,
coordinate multiservice requirements, establish classification guidance, monitor activity, and
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provide semiannual reports on project status and potential new projects. They also conduct technical
reviews and provide written assessments to the Technical Advisory Committee. The Technical
Advisory Committee administers the prograny and provides policy guidance. It reviews technical
assessments from the Technology Coordination Groups, evaluates new proposals, and establishes
the program plan.

Because much of the technology base developed in nuclear weapons work is divectly applicable
to DoD needs in conventional munitions, this program has brought about major improvements
in conventional munitions. The program is consistent with long-range planning at the Department
of Defense and is an eftective mechanism tor leveraging capitalized rescarch and development
resources. At the same time, the costsasso “ated with maintaining many of the core competencies
required for the nuclear weapons program are shared by DoD, and the resources are further exercised,
challenged, and strengthened.

Sandia’s Microclectronics Development Laboratory supports several Dol agencies with tech-
nology development, custom device design, and limited production items through DOE or com-
mercial vendors. Similarly, Sandia provides unique components, such as high-voltage switch tubes,
and the consultation of various technology experts (¢.g., pyrotechnic device experts) as requested
by Dol agencies

Asan outgrowth of our research on novel warhead technologies, we are conducting rescarch and
development on methods tor quicting tuture US. submarines, We are also using our extensive
computer simulation facilities and expertise to demonstrate more lethal warheads for future torpedoes.

Sandia performs aboveground simulation of nuclear weapon effects for the Defense Nuclear
Agency (DNA) using the Saturn x-ray and Hermes H gamma-ray facilities. Weare also providing
explosively actuated closures for use on Defense Nuclear Agency tests at the Nevada Test Site and
are making diagnostic measurements related to experiment protection and containment. Also under
sponsorship by the Defense Nuclear Agency, we are developing improved security hardware,
aperational concepts, and tactics for military security forces.

With spansorship from the Office of the Seeretary of Defense, Defense Nuclear Agency, and
DOE, we are exploring means by which the survivability and security of nonstrategic nuclear forces
can be assured in the twenty-first centary. The Defense Nuclear Agency is also sponsoring the
rescarch, development, and adversary analysis of new systems and technologies for portal and
perimeter monitoring.

For the Defense Communication Agency, we have developed a broad range of technologies for
survivable command and control centers. These technologies — including a broadband data bus
with computer-aided remote control and monitoring — are being used tor classified operational
systems and proot-of-concept applications.

Extensive studies are continuing in the area of precision, quick response weapons ina regional
contlict context. The Sandia approach would provide a highly integrated target acquisition, data
fusion, retargeting, and hypersonic warhead delivery system to address time-critical targets ina
regional conflict.

Nuclear Regulatory Commission

Since 1973, Sandia has conducted a broadly based rescarch program for the Nuclear Regulatory
Commission (NRC) in probabilistic risk assessment, severe accidents of nuclear reactors, reactor
safety research experiments, engineering technology, low-level waste management, and safeguards
and security. Wealso provide technical assistance in the safety assessment and resolution of reactor
safety issues,

Wehave performed many of the risk assessments sponsored by the Commission, developed
state-of-the-art methods, participated in major technology transfer efforts, and addressed important
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regulatory issues amenable to solution by risk assessment. We have developed methods to analyze
power plant systems, operations, human performance, accident processes, transport of radioactive
materials, and health and cconomic impacts. We have placed major emphasis on the treatment of
uncertainties in analyzing potential plant accidents.

Our severe accident research program funded by the Nuclear Regulatory Commission involves
participation with the inernational reactor satety rescarch community. Several unigue experimental
facilities have been developed at Sandia for investigating the diverse physical phenomena that may be
important in postulated severe accidents. [n-pile experiments to study core-meltaccident progress
are performed using Sandia’s Annular Core Rescarch Reactor. Out-pile experiments to investigate
the loads imposed on reactor containment buildings by high-pressure melt injection accidents are
pertormed in the Surety "Test Facility and in a one-sixth scale model of a nuclear power plant con-
tainment. The theoretical work centers on the development and validation of mechanistic codes
(e.g. MELCOR, CONTAIN, and VICTORIA), which integrate severe accident knowledge. Results
of the severe accident researchare used for developing databases and models for improving hardware
and procedures to decrease plant risk, resolve safety issues, and provide the basis for accident
management and emergency response.

Sandia has conducted an extensive analytical and experimental containment integrity program,
including major tests on a one-cighth scale model steel building and a one-sixth-scale reinforced
concrete building. Testing has been performed to evaluate the hazards of turbine and external
missile impacts. Evaluations of seismic and fire risks are conducted in conjunction with testing
where needed. Test facilities have been developed for performing quantitative measurements of
fire behavior and the effects of smoke and combustion products. We have performed extensive
testing on nuclear power plant electrical equipment and components under simulated accident
conditions. Such tests support equipment qualification and plant life-extension activities.

Sandia is the lead laboratory researching the development and application of performance
assessment methodologies used in evaluating the suitability of nondefense, low-level waste disposal
facilitics. We are also evaluating methods tor classitying waste streams as “below regulatory concerns”
for use in setting de minimus standards for radioactive and mixed wastes.

Sandia continues to support the Nuclear Regulatory Commission in transterring technology
developed in DOE-sponsored sateguards programs to Commission staffand inspectors and the
nuclear atitities. Other technologies transterred to industry or other entities include advanced
computer codes and techniques tor materials and component design and evaluation.

Department of Transportation

Sandia pertorms research and consultation tor the Department of Transportation on issues related
to the transportation of hazardous materials, the development of intelligent vehicles and highway
svstems (IVHS), adreraft safety, and airport security.

The objectives of the hazardous materials program are to recommend packaging performance
requirements for hazardous materials transportation and review specifications for radioactive
materials packaging. We are also developing a microcomputer-based hazardous materials highways
routing guidelines document, incorporating a user-friendly moded and a users” manual to assist in
the application of the guidelines.

Experimental work on the thermal characteristics of shipping casks supports the Departinent
of Transportation’s ctforts to assure the integrity of hazardous material containers in fires. Weare
seeking to determine ifa generic boundary condition description can be obtained that will be usable
tor both thermally massive and nonmassive shipping casks, The work also assesses the effects of
the thermal mass ot a shipping cask on the heat transfer characteristics of a sooty engulfing fire,
Sandia’s radiant heat facility is being used to understand the radiative and convective behavior of
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Modal analysis uses vibration test data to determine a structure’s natural frequencies, mode shapes, and damping values. Dennis Roach
vibrates a section of aircraft fuselage with an instrumented hammer. Accelerometers on the surface collect modal data that can reveal

subsurface damage. The technique is one of many used at the Aging Aircraft Non-Destructive Testing Development and Demonstration
Center at Sandia,

heat transfer in such a fire. We have recently initiated a program with the Federal Aviation
Administration Technical Center to apply this technology to aircraft safety.

Weare assisting the Federal Aviation Administration by bringing our expertise in nondestruc-
tive testing to bear on the problem of aging aircraft. There is insufficient knowledge about the effects
ofage on the performance and safety of aircraft to accurately forecast when components should
be repaired or replaced. The program will develop procedures for commercial utilization of
advanced inspection equipmentalready in use at facilities of the Department of Defense. New
instrumentation will also be developed as required. The program is designed for rapid technology
transter, and Sandia is collaborating closely with industry and academia,

Wearealsoassisting the Federal Aviation Administration to develop and demonstrate advanced
airport security system coneepts at Baltimore-Washington International Airport.

Sandia provides support to the United States Coast Guard to develop systems for its intelligence
and law enforcement operations. The ADVanced Image Communication and Enhancement
(ADVICE) project was successtully completed in 1992, This study was directed at determining
whether the speed and efficiency of transmitting digitized images was an effective trade-off for the
reduced resolution inherent in digital images as compared to 33 millimeter photography.
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The Coast Guard Research and Development Center has requested a follow-on project to study
various clectro-optical sensor devices and their applicability to Coast Guard missions. The work will
involve integrating sensor information from a number of sensors on a C- 130 aircraft. The objective
of this project is to provide improved surveillance information for Coast Guard intelligence, counter-
narcotics, illegal immigration, and marine fisheries missions.

Sandia is currently a leader in the field of intelligent vehicles and highway systems. Our years of

experience in safely transporting and tracking nuclear weapons shipments and in the development
of tele-operated robotic vehicles have provided a technology base that is unique in the nation, For
example, we have a digitized database of all highways and roads in the United States. The Federal
Highway Administration is interested in applying this database in its Intelligent Vehicles and
Highway Systems program. The intent is to use this data in conjunction with our vehicle tracking
system based on the Global Positioning System to help develop intelligent vehicle and highway
systems that will reduce tratfic congestion. In addition, our robotic vehicle work provides a source
of sensor and intelligent control systems technology that is currently being applied to improve the
safety of commercial vehicles.

We are assisting the city of Denver to improve its ability to track and control the movement of
buses. Working with private industry, we provide design support for tracking systems that use
Global Positioning System satellites. This work is sponsored by the Federal Transit Authority.

National Aeronautics and Space Administration

Sandia provides a variety of technical support to the National Aeronautics and Space Administration
{NASA) and NASA-funded projects. Through previous collaborations on space instrumentation with
Los Alamos National Laboratory, Sandia has acquired unique capabilities in certain implementations
of signal processing and data handling applicable to astrophysical investigations. We provide
instrumentation to support experiments aboard rockets and space probes for which the science
partner is often an educational institution performing work with NASA funding.

Forexample, we support the Columbia University Astrophysics Laboratory in developing an
x-ray polarimeter experiment for the Russian Spectrum-X-Gamma satellite. We are providing design
support for the Mechanics of Granular Materials instrument, a microgravity experiment in collab-
oration with the University of Colorado and NASA. Similar design support is being furnished for
the optical monitor experiment for the European Space Agency X-ray Multispectral Mission satellite.

The Comet Nuclear Penetrator will be part ofa larger mission sponsored by the NASA Jet
Propulsion Laboratory called the Comet Rendezvous and Asteroid Fly-by. The University of Arizona
was selected to be the lead laboratory in cooperation with Ball Aerospace Systems Division. Sandia
has been asked to participate in the program by acting as a consultant on penetrator technology
and performing development testing of the penetrator.

We have a unique capability in radiation-hardened microstructures that we developed in the
nuclear weapons program. Such devices are usetul for space applications. We design, fabricate,
and produce radiation-hardened engineering prototypes of selected microprocessors for NASA.

Another of Sandia’s unique strengths in microclectronics is compound semiconductors. We
are working with NASA's Jet Propulsion Laboratory to employ this technology to develop longer
wavelength photovoltaic arrays for electrical power supplies in space. We seck to grow stable, strained-
layer superlattices that exhibit significant optical absorption at wavelengths to 15 microns and beyond.
The work includes buffer design and growth, x-ray verification of structure and composition, analysis
ofdefects, and photoluminescence characterization of the resulting superlattice. This work isa critical
phase of materials development for demaonstration of reproducible, spatially uniform material with
the desired infrared characteristics. The follow-on task will be fabrication and optimization of
detectorand array structures,
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Sandia is the world leader in the theory and design of high-performance parachute systems.
We advise NASA on the conceptualization, definition, and design of the high-speed parachutes
used to decelerate the Space Shuttle’s solid-fuel rocket boosters and other payloads. We are working
with the Johnson Space Center to develop a strategy for developing a capability fov soft landing
and recovery of spacecraft and reusable launch vehicle hardware. The strategy will identify critical
technology issues and improve the understanding of landing systems problems.

Drawing on yet another expertise developed in the nuclear weapons program, Sandia is using
two- and three-dimensional finite element modeling to redesign the explosively driven separation
systems used on the Space Shuttle booster.

Sandia’s Robotic Vehicle Range has been asked by NASA’s Langley Research Center to join with
them as the DOE element in a tri-agency consortium to develop a lunar rover program proposal
for the NASA Exploration Program Oftice. Sandia’s design, a four-wheel articulated Robotic All-
Terrain Lunar Exploration Rover (RATLER), provides high agility, reasonable payload capacity,
and good overall stability in a small, simple package. The unique chassis articulation permits all
four of the drive wheels to remain in contact with the ground, even while climbing over obstacles
such as boulders or depressions as large as one wheel diameter. Sandia’s project responsibilities
are primarily the vehicle control hardware and software.

Under joint sponsorship by NASA and the Ballistic Missile Defense Office, Sandia is evaluating
concepts for space power systems. The evaluation addresses three principal concerns: (1) power
system concept and technology evaluation and comparison; (2) safety; and (3) reliability, availability,
and maintenance.

Sandia’s one-of-a-kind hypervelocity gas gun facility is being used to evaluate proposed debris
shield designs for Space Station Freedom. The tests will determine the ballistic limits of various
shielding hardware at velocities up to 12 kilometers per second.

Also for NASA, we are investigating the teasibility of developing a 21-foot Sandia Winged
Energetic Re-entry Vehicle Experiment (SWERVE) as a hypersonic test-bed. The vehicle would be
launched from a Pegasus booster and potentially acquire data on engine performance. The feasibility
of flying nonintrusive instrumentation to measure flow field properties and validate computational
fluid dynamic codes is also being considered.

Department of State

Under sponsorship of the Department of State, Sandia provides direct technical support to the
International Atomic Energy Agency (IAEA) in its role of veritying compliance with the provisions
of the Non-Proliferation Treaty (NPT). The agency employs both material accounting procedures
and containment and surveillance techniques to provide the safeguards measures required by the
treaty. Currently, we are developing unattended closed-circuit television optical surveillance
equipment, verifiable seals, and monitoring equipment. Newly developed containment and sur-
veillance equipment is being demonstrated. We will assist in implementing the new equipment by
providing training, maintenance, and documentation. We will continue to provide containment
and surveillance consultants as requested. We will also assist the [AEA with training and inspection
of physical security systems.

Environmental Protection Agency

Under an interagency agreement and other developing cooperative efforts between the Department
of Energy, the Environmental Protection Agency (EPA), and various other government agencics,
Sandia provides technical assistance and proposes technical courses of action involving approaches
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for site characterization, sensor technology, remediation technologies, advanced analysis approaches,
and risk-based decision approaches.

DOE and EPA have a long history of coordinating science and technology projects, including
the Energy and Environment Program of the early 1970s, the National Acid Precipitation Assessment
Program of the 1980, and the National Laboratory Consortium formed by the National Acid Precip-
itation Act of 1980. EPA and DOE have entered into thirty-five memorandums of understanding
(MOUs) over the past two years for joint research and development under DOE’s environmental
restoration program. There have also been several MOUs on general cooperation and technology
transfer. These efforts are expected to accelerate, since DOE has recently committed to work closely
with the National Resources Cluster of the Cabinet to address national environmental issues.

For example, DOE and EPA have recently initiated a Joint Laboratory Directors’ Forum to foster
more cooperative environmental research efforts between the two agencies. The forum consists of the
directors of each agency’s research and development laboratories and is addressing active collaboration
in ongoing research and identifying topics for joint research for FY 1995 and beyond in the areas of pol-
lution prevention, waste minimization, vnvironmentally sensitive engineering and manufacturing, haz-
ardous and mixed waste treatment, ecological research, monitoring and assessment, and environmental
risk assessment—all in support of the shared goals of the DOE and EPA in environmental cleanup,
pollution-prevention, and waste management. Sandia, as one of DOE’s major research laboratories, will
be expected to provide technical assistance and leadership in improving site characterization, sensor
technology, remediation technologies, analysis approaches, risk based decisions, and public outreach.

Sandia has established a number of initiatives with the EPA to assist regulators and encourage the
use of innovative environmental technologies. An example is a joint effort with Sandia, industry, DOE,
and EPA to demonstrate innovative cleanup technologies at a DOE site. The program provides an
opportunity to develop a model for accelerated environmental cleanup operations throughout
the nation,

As part of a more regional effort, Sandia is supporting efforts by DOE, EPA, the Department of
Defense, the Department of Interior, and the Western Governors’ Association to accelerate environ-
mental technology development and cleanup activities while enhancing economic development in
the West. Beyond these broad-scope activities, Sandia is also providing focused technical support
to the EPA in decision support systems and air pollution measurements.

Other Federal Agencies

Sandia provides support and certain space-qualified hardware for NASA and the European Space
Agency. Weare providing a number of radiation-hardened, large-scale, integrated circuit devices
for the Venus Radar Mapping Mission. We also provide support to NASA for the development of
recovery systems for instrumentation sent into orbit. Sandia advised on the design of the high-speed
parachutes that decelerate the space shuttle’s solid-fuel rocket boosters as they fall to earth.

Sandia continues to support the National Security Agency in adversary analysis. This work
involves evaluation of communications security equipment, components, and design proposals
to determine and identify vulnerabilities having a potential for exploitation by an adversary.

A Sandia-developed safe diversionary grenade has been in use by military and law enforcement
agencies for several years. A practice version of this device has been requested and is now under
development.

Sandia’s experience in safeguards and security for nuclear materials and facilities has been
applied to other federal security needs. We are developing force protection systems for use by mil-
itary and nonmilitary personnel in special-operation, low-intensity conflict environments. We
helped develop and install an automated entry control system for the White House, and we have
been tasked to participate in a security upgrade of the Hoover Building of the FBI.
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Sandia National Laboratories is responding to requirements being brought forward by federal,
state, and local law enforcement agencies involved in the war against illegal drug trafficking. Sandia
was explicitly named a national technical resource in the Drug Abuse Act of 1989. Our response has
been sharpened by extensive interactions with interested agencies at all levels, from individual agents
patrolling the border to headquarters units involved in enforcement and research and development.

This effort has three focuses: attempting to match available technologies with requirements in
order to provide immediate solutions; defining and proposing long-term development efforts in
areas where Sandia has expertise; and offering systems analysis support to better define and prioritize
druginterdiction approaches. Immediate support is available in such areas as ground sensors, com-
munications, and radio-frequency beacons. Developmental areas include laser-induced fluorescence,
compressed video communications, and passive beacons.

The results of these efforts are contractual arrangements with several agencies, and it is expected
that these programs will expand as agency research and development budgets grow and the drug
war becomes better organized.

All Other Reimbursables

When appropriate, Sandia also enters into projects involving state governments, private industry,
universities, foreign governments, or other nonfederal entities. Criteria for these arrangements are
the same as for other work-for-others endeavors. Current projects comprise a variety of activities
and Sandia resources, including development of numerical models for rock blasting, computer
modeling to predict chemical behavior in methane-air jet flames, microelectronics development,
and studies to improve nuclear reactor safety.
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Laboratory-Directed Research and
Development Program

Laboratory-Directed Research and Development (LDRD) became a permanent program at Sandia
in FY 1983 as permitted by federal Inw (Public Law 95-39, Section 303) and DOE Order 5000.4A.
The LDRD program provides support for science and technology activities related to DOE’s missions.
Projects emphasize early exploration of forefront science and technology that enhance Sandia’s
research and development capabilities and core competencies.

LDRD projects must be relatively small, well-specitied, short-term (one to three years) projects
that look forward in terms of technology and application (i.c., projects that establish new capabilitics,
test new concepts, or investigate innovative approaches). LDRD funds are not used to substitute or
increase funding for tasks otherwise funded by DOE or other agencies or to carry projects beyond
the exploratory stage.

LDRD funds are derived from a tax on funding from all sources, including DOE programs.
The tax on DOE funds is being introduced gradually. In FY 1993, the program was funded at
about $53 million.

The LDRD program permits Sandia staft to explore innovative scientific and technological
opportunities that hold high potential for payoft in applications. Some of these projects have led
to tangible new DOE tasks and projects; others have enhanced the Laboratories’ core capabilities.

Forexample, an FY 1991 LDRD project led to the development ofa mobile robotic manipulation
and retrieval system. The project aavances the state of the art for machine intelligence in mobile
systems. This technology should find early application in hazardous waste removal operations at
DOE facilities. In addition, the work has implications for U.S. economic competitiveness, and we
are examining potential industrial applications. This project was beyond the scope of interest of
funded robotics projects and thus could not have been pursued without LDRD funding,

An FY 1992 project looked at developing biomimetic processes to grow ceramic materials in ways
analogous to the biological processes that occur in living organisms. Ultimately, the goal is to develop
biomimetic processing methods to produce materials for medical, semiconductor, optoelectronic,
and “smart” materials applications. For example, biomimetically grown calcium phosphates could
be used for biologically compatible interlayers for joint and bone replacements. Foradvanced ceramics
applications, biomimetic processing may facilitate fabrication of oriented crystalline ferroelectric films.

Selecting LDRD projects is a formal process. Each fall, the Sandia Program Council identifies a
number of core competencies and strategic initiatives that will comprise the LDRD program elements
for the following fiscal year. At this time, the Council also establishes LDRD budget targets for the
program clements. Next, a call for proposals is issued describing the intent of the program, the program
elements, and requirements for submittals. Investigators who wish to extend a project beyond one year
must submit a renewal proposal for continuation of funding. The renewal request must detail progress
achieved to date toward project milestones and describe the tasks to be performed in the next year.

Proposals are subjected to two independent evaluations. A technical appraisal team evaluates
the content of the proposed work, the technical approach proposed, and the technical potential of
the project. Proposals are also subject to a programmatic evaluation by one of several review boards,
In this evaluation, proposals are reviewed with regard to growth potentiai, impact on future laboratory
activities, and agreement with the Laboratories” strategic intent. The programmatic appraisal tcam
ranks the proposals in its program arca in order of funding preference.

Based on the review rankings and budget targets established by the Sandia Program Council, the
Laboratories” LDRID program manager prepares a proposed LDRD program. A program plan is then
prepared and submitted to DOE for a project-by-project review. Sandia and DOE then jointly
modify the proposal to develop a plan that meets all DOE requirements. DOE is respensible for
final authorization of the program.
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Summary of Projected Investment in Laboratory-Directed Research and Development Program
(Operating BA in $ million)

EYO3 FY94  FY95 Y96  FY97  FY98

Total funding 507 634 770 770 770 710

Note: Planned LDRD amounts are subject to approval in accordance with DOE Order 5000.4

Y99

77.0

Institutional Plan By 1994

1999






Information Resources
Management

Goals and Objectives

Sandia is dedicated to providing its scientists and engineers with a strategic computing capability that
can significantly affect the future of Sandia and play a major role in providing “exceptional service
in the national interest.” This dedication implies a vision of a high-performance computing environ-
ment ranging from advanced workstations to the latest supercomputer. The vision supports a fully
integrated distributed systen that ties together all the computational resources required to solve
problems and perform program work, including computational analysis, storage, multimedia,
computer-aided engineering (CAE), databases, billing services, and electronic mail/signature capability.

Information Resource Environment

Computational Facilities

Scientific Computing Resources

Sandia’s supercomputers include large vector architecture machines, such as the Cray Y-M1P systems,
and a growing number of massively parallel systems. Supercomputers are used primarily for solving
large scientific and engineering problems. Application areas include materials studies, nuclear safety
calculations, particle-beam calculations (for pulsed power and other research), weapon systems
development, missile defense and countermeasures analysis, facilities vulnerability analyses, combus-
tion chemistry, and more. With supercomputers it has become possible to model three-dimensional
effects and perform increasingly higher-resolution approximations.

In order to accommodate the computational demands of its missions, Sandia has developed a
number of interlinked networks of computers based upon increasingly more capable communi-
cations, Linkage of desktop computers and workstations to central systems is accomplished
through reliable, high-speed networks. Ethernets and Fiber Distributed Data Interface (FDDI)
rings are the preferred local area network technologies at Sandia. Higher-speed dedicated lines are
used for special applications; FDD is used for connectivity between centrally residing systems.
Asynchronous Transfer Mode (ATM) switches and Synchronous Optical Network (SONET)
technologies are being actively pursued as promising network technologies.

The major delineation in the networking realm is the separation of secure (classified) and
restricted (unclassified) computing resources. Individual computer systems reside in one or the
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other of these domains. The secure domain is capable of processing classified information
through Secret Restricted Data.

Sandia supercomputer systems have recently been consolidated at the New Mexico site.
Data communication capabilities are
available at 45 Mbs (megabits per second)
inorder to facilitate the use of these systems
by staffin New Mexico and California,
The secure network houses a Cray Y-MP8/
264 along with a two-terabyte Network
Storage Service. These machines are linked
to other systems within the secure parti-
tion. The restricted network houses a
Cray Y-MP/864. A terabyte file server
will be acquired to support this system.
Sandia/California has Central File Storage
to facilitate data caching for local access.

Massively parallel systems are also on
the unclassified network and are thereby
accessible to our industrial partners. In
this network we currently have a 1,024-
node nCUBE with 4 gigabytes of memory
operating at a peak rate of 2.5 gigaflops,
two 64-node Intel iPSC/860s with a peak
rating of 3.8 gigaflops, and a newly
acquired Intel Paragon with 1,827 nodes
operating at a peak rating of 130 gigatlops.

Sandia’s scientific computing acqui-
sitions during the FY 1994-1999 time
frame are intended to dramatically increase
computational power and simulation
capability and improve the performance

This Cray supercomputer was moved from Sandia/California and installed at Sandia/ f)fsupp()rt servers lfmh atthe central facil-
New Mexico in May 1993, completing the Laboratories' plan to consolidate supercom- 'Y and within distributed local area net-
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puters at a single location. Users at Sandia/California will be linked by high-speed works. Plans are also being implemented

data telecommunications.

to bring Sandia’s network technology
into the gigabit range during this frame.
Early in the planning period, massively parallel systems will become the major compute servers.

Itis our vision to implement leading-edge, industry-supported standards in all of our computing
environments. In order to realize this obicctive, we will conduct integrated research in communica-
tions, networking, algorithm developmen®, and computing technologies to lead in the development
and establishment of such standards.

This effort will require many collaborations with industry and with other national laboratorics.,
Several cooperative agreements are already in place. By integrating fiber optics, ATM (Asynchronous
Transter Mode) protocols, SONET (Synchronous Optical Network) technology, scientific algo-
rithms, and massively parallel systems, it will be possible to create a compnting environment that
will allow customers to solve a vastarray of engineering and scientific problems and visualize results
inatimely, effective manner. Theadvent of A'TM and similar technologies will also permit distributed
workstations to be clustered together as a single logical resource, Ultimately, it will be possible for
acustomer to log on to a network and have at her disposal any tool that is required to perform her
job ina seamless computing environment,
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Computer-Aided Engineering (CAE)

The business plan for Sandia’ Engincering Integration Center calls for continued acquisition of
resources in sufticient quantities to furnish appropriate computer assistance in the analysis, design,
and fabrication of products for which the Laboratories has responsibility. This thrust comes at the
intersection of two areas of technological expertise: information modeling and the application of
design-oriented software. These arcas are developing independently but ofter the largest contribution
where there is overlap. Computer-aided engincering is an integral part of Sandia’s programmatic
responsibilities in nuclear weapons production and stockpile support.

An integrated computer-aided engineering capal "ty provides for the application of computer-
aided engineering (CAE) technology to the configuration management, information modeling,
design, analysis, definition, and prototype manufacturing processes. Projects include the partici-
pation of various engineering design organizations at Sandia’s New Mexico and California sites
and manufacturing groups at Allied Signal Aerospace, Kansas City Division.

Integr.tion of engineering information systems is an important goal. Integration will provide
project continuity from one phase of development to the next as well as flexibility in applying
computer-aided tools to a broad spectrum of needs. NIRVANA, a project for electrical design and
fabrication, was implemented in 1991. A second project that addresses mechanical design, ACCORD,
was started in 1991 and is being implemented in 1993. The foundation of the project is a tightly
integrated solid-model production detinition that will be usetul throughout the development
cycle without data translations.

AsNIRVANA and ACCORD users learn the capabilities of their tools, the desire to exchange
design information between systems increases. The management of data for the ACCORD and
NIRVANA projects will be controlled by the Definition Configuration Management Project.
After the design data is complete, the information will be maintained in the Image Management
System for future access.

To complete the integration of such widespread systems requires close collaboration and fuil
development ofan ubiquitous classified and unclassitied network infrastructure. Other requirements
to support the integration include design and test databases and a configuration management system.

The integration effort reflects the need tor concurrent engineering— the simultancous participa-
tion of all contributors to a project, including design, fabrication, test, analysis, and manufacturing.
This need is addressed in an advanced network development project, Interactive Collaborative
Environments, that will allow real-time, shared use of computer-aided design and other engineering
tools by all project members, regardless of location. All integration activities are conducted in close
concert with Allied Signal, Kansas City Division. The integrated environment and associated informa-
tion systems will support future Department of Energy reconfiguration and dismantlement activities.

Administrative Information Systems

The Laboratory Information Systems Center strives to ensure that Sandia is capable of operating
as a successtul business entity. Over the next year, we will complete our UNISYS-to-1BM migra-
tion, complete Phase 2 of the Financial Information System, continue redevelopment of the
Sandia Reimbursement and Vouchering System, complete development of the Human Resource
Information System, and support development of the Library Information On-line Network
(LION). As we conduct these development projects, we will continue to support production sys-
tems as required by the needs of the business and the new contractor.

Sandia’s administrative application projects are managed under the Information Services Program
and are sponsored by the Administrative Management Committee. Projects are identified, selected,
and prioritized by the Computer Advisory Committee chaired by the director of the Laboratory

Information Resources Management
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Information Systems Center. Projects endorsed by these committees are typically accomplished
by project teams. The teams use system project methodologics, such as the system development
methodology SDM/Structured by AGS Management Systems and [nformation Engincering
Facility (IEF) by Texas Instruments. Application systems are developed with full customer partic-
ipation through the use of joint application design sessions and iterative prototyping technigues.

‘The administrative computer systems at Sandia/New Mexico are: IBM 9021-300 (LIS),
UNISYS 1100-72, IBM 9121-190 (CIS); IBM 4381 (OV), IBM 4381 (CVM); others may be added
in the future or existing systems removed as the business needs dictate.

In the future, all applications currently residing on smaller IBM machines will be candidates
for movement to a client/server architecture based upon the results of cost/benefit studies. An
important strategic goal in the planning for application development is greater accessibility of
administrative information at the desktop.

Telecommunications

Data Communications

An era with emphasis on parallel computing, outside collaboration, consolidation, technology
transfer, total quality management, and ES&H management makes data communications vital to
Sandia’s future. To meet the challenge, a variety of technologies are being investigated and deployed.
Fiber optic cables to the desk, very-high-speed local area networks, modern broad-band switches,
high-speed intersite links, video teleconference tacilities, and mode  network management systems
are all part of the arsenal of communications technologies being applied to this challenge. Sandia’s
recent initiatives have necessitated a new focus on unclassified communications while its traditional
mission demands ongoing support of secure communications.

Sandia operates an extensive internal secure communications system. A large customer base
receives services ranging from asynchronous terminal access through 100-megabit Fiber Distributed
Data Interface (FDDI) support. Numerous intersite links to a variety of DOE and Dol facilities exist
as well as video teleconferencing capabilities to several DOE facilities.

Sandia’s Engineering Science Center recently moved to a refurbished building. As part of the
move, we installed an extensive, state-of-the-art, optical-tiber distribution system to every desk in the
new facility. While full-bandwidth Ethernet on optical fiber will initially be installed, the distribution
system will support FDDIHocal area networks and video. This distribution system and the high-
speed networks will serve as a model for several other facilities at the Sandia/New Mexico location.

Anarchitecture that consists of 13 (45 megabits per second) intersite links, asynchronous transter
mode switches, switched multimegabit data service protocols, and high-performance routers is
being implemented as part of Sandia’s plan to locate all of its supercomputers at Albuquerque.
Thisarchitecture will become the standard for high-speed networking at Sandia. Additionally, the
Laboratories is a participant in the Experimental University Network (XUNET) sponsored by
AT&T, whichisa test bed for cross-country gigabit networking,

These activities constitute an aggressive approach to bringing the data communications infrastruc-
ture of the Laboratories up to the state of the art. The technical excellence and quality commitment
of Sandia’s networking and communications staffis evidenced by a number of recent accolades,
including an R&D 100 Award, “best paper™ at the NEXUS 90 and NEXUS 91 conferences, the
1991 INTEROP Achievement Award in the government sector, and several patents.
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Voice Communications

In the past, the Kirtland Air Force Base Communications Squadron provided local voice telecom-
munications service for Sandia’s New Mexico site as well as for all other Kirtland Air Force Base
tenants. However, recognizing the importance of teleccommunications service to corporate existence,
Sandia is assuming direct responsibility for providing quality, state-of-the-art services, Sandia is
movingand expanding the AT&T SESS digital electronic switch that forms the cornerstone ot its voice
and unclassified data telecommunications services. This switch will provide ubiquitous, enhanced
digital voice, video, and data services using Integrated Services Digital Networks (ISDN),

The Sandia SESS switch consists of a host system and optical remote modules (ORM) to service
the Laboratories’ remote areas. We have constructed a building to house the host SESS switch and
we have upgraded conduit systems to provide customer access. Over 1,200 lines are in service on
the first optical remote module, and over 1,100 lines are in service on the SESS host, which also
services other Department of Energy facilities on Kirtland Air Force Base, such as the Albuquerque
Operations Office, the Inhalation Toxicology Research Institute, EG&G, and Ross Aviation.

Sandia’s strategy for communications at the New Mexico site is to move the host into the new
switch building expeditiously, expand the SESS switch to serve all Sandia/New Mexico customers,
and assume operational control of all unclassified voice and data communications services.
Preparations for this project began in FY 1989 and funding will continue through FY 1996.

Sandia/California operates an AT&T 5ESS switch for its unclassified voice/data communications.
The 5ESS is an Integrated Services Digital Network (ISDN) switch capable of handling voice, data,
and signaling information over the same hue. It provides access to FT'S 2000 and the commercial
network for long-distance communications.

The Tonopah Test Range local voice telecommunications system terminates in a Northern
Telecom SL-1 switch with 24 trunks to the SL-100 switch at the Department of Energy Nevada
Operations Office. Tonopah Test Range personnel use the Federal Telecommunications System and
the Nevada Test Site tie-line network for the majority of their long distance telephone requirements.

A Motorola radio trunking system (selected by competitive bid) was installed at Sandia/New
Mexico in 1991. It is a basic five-channel system and will be expanded as necessary as users are moved
to the system from their current frequencies. The basic system has a capacity of approximately 600
radio users. The site currently has about 2,200 radio transceivers in use.

Initial radio networks that will be placed on the trunking system will include the motor pool,
transportation and storage, and reclamation services. The radio frequencies currently in use by
these organizations will be made available for other uses. As funding becomes available, most
other services, such as plant maintenance, safety, emergency operations, and health physics, will
have their radio communications transferred to the trunking system.

When fully implemented, the trunked radio system will become a part of Sandia’s National
Security Emergency Preparedness communications system. [t will fulfill emergency communications
requirements mandated by the Specification for Emergency Operations Centers in the Department
of Energy Albuquerque Operations Office Complex.

Initiatives

Initiatives related to information resources are incorporated in Sandia’s coordinated strategic initia-
tives described in Chapter 5, “Major Initiatives.” Initiatives related to information resources and
high-performance computing are described beginning on page 5-25.
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Environment,
Safety, and Health

Sandia is committed to protecting the environment and preserving the health and safety of individuals
and the community. The Laboratories conducts a comprehensive program to assure that operations
are in compliance with all applicable laws and regulations on environment, safety, and health (ES&H).
Our program has been structured to address environmental problems in a timely fashion and
thereby maintain public confidence in Sandia’s ability to conduct its operations without harming
the environment. A major part of our vision is to provide leadership within the DOE complex by
setting the example for a safe and healthful workplace.

ES&H Program Goals and Objectives

Sandia’s ES&H program has three general goals:

1. Make Sandia a safe, healthtul, and environmentally sensitive workplace;
2. Comply with applicable laws, orders, and regulations; and
3. Demonstrate this capability to DOE and the public.

A set of seven objectives supports achievement of these goals. These objectives employ both
long-term and short-term strategies.

Objective: Ensure safe and healthful workplaces for our employees, contractors, visitors, and
communities.

The focus of all ES&H activities in areas where we work is to protect all individuals and the
environment. This focus requires compliance with applicable laws and regulations. DOE orders,
directives, and requests are also requirements directed toward meeting this objective.

Objective: Use our quality process to achieve excellence in our ESEH program and to meet our
customers’ requirements.

Sandia will continue to employ recognized Total Quality Management methodologies for all
ES&H activities. Such methodologies will be used for developing and improving ES&H processes,
identitying root causes of ES&H problems, and applying lessons learned. Sandia’s Total Quality
Management Initiative establishes an overarching quality implementation strategy for all Laboratories
activities, including those in the ES&H program.

Objective: Require open, timely communication of ES&H problems, lessons learned, plans, and
status to achieve appropriate, uniform actions throughout Sandia.
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Sandia safety and health
professionals assist
staff in establishing
safety procedures and
prescribing appropri-
ate personal protection
equipment.

We continue to enhance communications on ES&EH issues both to Sandia’s ES&H professionals
and to other statt, Current communications on new requirements are achieved through a working
group representing all Sandia divisions and bargaining units, through lessons-learned processes, and
through training courses. Sandia has also established procedures whereby any employee may
anonymously express an ES&H-related complaint or concern or report an ES&I [-related prob-
lem or condition.

Objective: Team Sandia employecs, customers, supplicrs, and community representatives to
assure protection of the environment and the safety and health of all.

Our goal is to effectively use the capabil-
itics of all staftin ES&H activities. Current
cross-organizational projects with statt
having materials expertise, instrumentation
backgrounds, geoscience understanding,
ficld operation processes, and others are
continually being reviewed and increased.
University interactions oceur through
temporary employment of stadents, Sandia
participation in the university-based Waste-
Management Education and Rese ~ch
Consortium (WERC.), and contracts to
teachers. Sandians serve on various state
and local government organizations, and
statt from Sandia’s ES&H organizations
interact with regrulatory agencies both for-
mally and informally.

Objective: Manage EScH risks and
hazards through formal, established processes
coupled with the mindful action of every
Sandian.

A key step in identifying hazards is the
Preliminary Hazard Assessment (PHA)
required to be completed by line organiza-
tions for all facilities and activities. The
PHA identifies all hazards present in the
workplace or encountered in an activity.
ES&H Standard Operating Procedures
(SOPs) describe processes to control the
hazards identified in the PHA. ES&H SOPs
are intended for use by one or more orga-
nizations, and must include the following:

® Responsibilities

o Specific training/experience requirements
o Waste management requirements

o | fazard identification and mitigation

ES&H Operating Procedures (OPs)

are written and owned by organizations
conducting the operations. They provide
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step-by-step instructions for specific operations (normal, postulated abnormal, and emergency
operations) to ensure that activities are performed correctly, sately, and consistently.

Toassist in a graded approach in management of risks, all Preliminary Hazard Assessments are
assigned a Preliminary Hazard Classification (PHC) and all activities are assigned a Programmatic
Risk Classification (PRC). The combination of PHC and PRC values is used as guidance in estab-
lishing the appropriate level of rigor with which a facility or activity is managed and when facilities
oractivities are reviewed by upper management. Additionally, the PHC ratings establish both a
Sandia corporate and DOE understanding of the relative hazard level of all Sandia facilities.

Objective: Support our employees in personalizing Sandia’s vision both at work and at home.

The Laboratories will continue disseminating ES&H information helpful to the families of
Sandia employees, such as the periodicals TLC Newsletter, Family Safety, and Harvard Medical
School Newsletter. A recycling comumittee has been established to coordinate a recycling program
for the Laboratories. We have defined and implemented a process for recognizing and rewarding
vutstanding ES&H contributions at the corporate level and working level.

Objective: Ensurc that every Sandian has necessary and sufficient ESSH training, and require
that visitors and contractors comply with our ESSH requirements.

We maintain a record keeping system for tracking ES&H training requirements and the training
status of employees. A basic ES&H awareness module is included as part of the orientation process
for new employees. Experts from Sandia line organizations are involved in developing and improving
facility or function-specific training courses. Trainers will train additional trainers where possible
to allow staff to instruct their own organizations in good ES&H practices. Management is responsible
for ensuring that all visitors and contractors in their operations receive appropriate training regarding
the presence of hazards and protection trom those hazards.

Regulatory Environment

Laws and Regulations

There are many federal environmental laws and implementing regulations to which Sandia must
adhere. These laws include the Clean Air and Clean Water Acts; the Resource Conservation and
Recovery Act; the Federal Insecticide, Fungicide, and Rodenticide Act; the Toxic Substance Control
Act; the Comprehensive Environmental Response, Compensation, and Liability Act; the Safe
Drinking Water Act; the Oil Pellution Control Act; the Marine Protection, Research, and Sanctuaries
Act; the Noise Control Act of 1973; and others.,

DOE orders implement other federal laws aftecting Sandia, including the National Environmental
Policy Act, the Occupational Safety and Health Act of 1970, the National Historic Preservation
Act, the Coastal Zone Management Act of 1972, and the Mine Safety and Health Act. Finally, the
contract for the operation of Sandia National Laboratories by Sandia Corporation requires that
Sandia’s environmental, safety, and health operations be conducted inaccordance with all applic-
able DOE orders and directives communicated to Sandia by the DOE contracting officer.

Sandia must also comply with state and local legislation applying to laboratory sites in New
Mexico, California, Nevada, and Hawaii, as well as diverse field locations in the United States and
other countries. Examples of such legislation in New Mexico include the New Mexico Air Quality
Control Act, the Environmental Compliance Act, the Water Quality Act, the Hazardous Waste
Act, and the Solid Waste Act. [naddition, there are local regulations for air quality and sewage
pre-treatment.

Environment, Safety, and Health
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Examples of applicable legislation in California include the California Clean Water Act, the Air
Toxics “Hot Spots” Information and Assessiment Act, and the Tanner Act. Sandia’s California site
must also comply with such local regulations as the Bay Area Air Quality Management District rules.
Similar laws in Nevada and Hawaii affect Tonopah Test Range and the Kauai Test Facility.

An example of cooperation between Sandia and environmental agencies is the 1990 Agreement
in Principle between New Mexico and DOE to monitor cleanup and environmental activities. The
agreement was the result of an initiative called for in 1989 by the governors of several states with DOE
nuclear facilities. The agreement gives state officials access to DOE facilities to monitor (but not to
regulate) cleanup operations. Under this agreement, New Mexico's Environmental Department
has five full-time employees stationed at Sandia/New Mexico. DOE provides about $3 million per
year to the state for staff and equipment for this on-site monitoring at DOE sites in New Mexico.

Sandia ES&H Requirements Documents

The contract between Sandia’s operating contractor and DOE specifies that Sandia National Labora-
tories will comply with all applicable federal, state, and local laws and regulations and all applicable
DOE directives.

Requirements from laws, regulations, DOE orders, and other documents pertaining to ES&H
are forwarded to Sandia’s ES&H Program Management Center for action. The Director, ES&H
Program Management Center, assigns a responsible individual who determines whether laboratory
ES&H documents need to be amended ora new document needs to be written. Ifaction is necessary,
the document owner becomes involved. If requested, the Line Implementation Working Group
assists in developing implementation approaches. This process assures that requirements are
identified, assigned to an individual, tracked through the various stages, assessed for effectiveness,
and monitored for compliance.

Requirements are translated into specific actions that are delineated in Sandia ES&H requirements
documents. The first of these documents is the Sandia Laboratories Policy (SLP) 2001, Environment,
Safety, and Health (ES&H), which defines the Laboratories’ ES&H policy. It also defines a hierarchy
of ES&H requirements documents through which requirements flow from sources (i.e., laws, regula-
tions, DOE orders) to Sandia employees, on-site contractors, and visitors. Other ES&H documents,
such as Preliminary Hazard Assessments {PHASs), Safety Assessments, Safety Analysis Reports,
and plans for achieving compliance, augment the documents in the hierarchy.

Sandia’s ES&H Mar. Wl interprets requirements and delineates responsibilities and procedures
designed toensure (1)1 fety and health of employees, on-site contractors, and the general
public; (2) the preservation of the environment; and (3) performance of work activities in compliance
with applicable laws, regulations, DOE orders, and best management practices. The requirements
in the ES&-H Manual and its supplements are implemented by Sandia organizations.

The legal and regulatory environment affecting Sandia’s ES&H activities is likely to remain
dynamic with changes occurring as public concerns and government administrations evolve. For
example, the Federal Facilities Compliance Act of 1992 clarified the ability of the EPA and states
to enforce hazardous waste regulations at federal facilities such as Sandia. We anticipate a general
trend of laws and regulations requiring more attention to procedures, processes, and documentation
to ensure a greater degree of auditability in environmental compliance.
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ES&H Policies,
Organization, and Management

Sandia’s policy with respect to ES&H is set forth in the following statement:

Sandia National Laboratories considers the protection and preservation of the environment
and safety and health of its personnel, contractors, visitors, and the public to be critical to its success.

Accordingly, Sandia personnel shall design products, develop manufacturing processes, and conduct
operations while encouraging recycling, waste minimization, and reduction of the use of hazardous
materials. Sandians shall also ensure the protection of people and the environment while complying with
applicable federal, state, and local laws and regulations; agreements; consent decrees; and DOE directives.

Sandia employees who oversee contractors and who are hosts to site visitors shall assure that they
are adequately informed of this policy and of their obligation to comply with it. In addition, Sandia
shall continuously evaluate regulatory requirements, corporate policies, customer needs, and lessons
learned, and shall adjust its operations to meet these changing needs as we seek to continuously
improve ES&-H processes.

Concern and conduct in matters pertaining to the enviromment, safety, and health are the
responsibility of all Sandia employees, on-site contractors, and visitors. No job is more important
than your health, your safety, and the protection of our environment.

The president of Sandia National Laboratories has overail responsibility for environment, safety,
and health. He is advised on ES&H matters by the Sandia ES&H Council, which he chairs. The
president is ultimately responsible for promoting, communicating, and establishing a culture that
recognizes environment, safety, and health as top priorities.

All management levels and staff have the responsibility to assure the health and safety of partici-
pants and communities invelved in Sandia operations. Professional ES&H staff provide technical
support for safe and environmentally responsible operations. An ES&H Program Management
Center provides the laboratory-wide focus for ES&H requirements and processes.

The vice president, Environnwent, Safety, and Facilities Management Division, has overall
responsibility for developing and implementing Sandia’s ES&H program. The directors of the
ES&H Program Management Center, the New Mexico Satety and Health Center, and the New
Mexico Environmental Operations Center report to this vice president. The directors of the New
Mexico and California Medical Centers, and of the California Facilities and ES&H Center, report
to their respective vice presidents. The indirectly funded core programs for all centers are managed
through the ES&H Program Center.

The ES&H Program Management Center is responsible for overall management of Sandia’s
ES&H activities, including:

® Developing corporate ES&H strategic and business plans;

¢ Managing the ES&H work breakdown structure and the ES&H portion of Sandia’s indirect
budget;

® Defining processes and practices to meet laws, regulations, and orders;

® [ntegrating processes and practices into laboratory operations through the Line Implementation
Working Group;

® Providing an effective interface with external customers and stakeholders of Sandia’s ES&H
activities;

® Developing NEPA (National Environmental Policy Act) and other risk assessment processes,
and supporting Sandia organizations in their implementation;
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® Managing emergency preparedness and occurrence reporting processes, including investigation
of occurrences, notification of the appropriate agencies, root cause analysis, and development
of tracking actions, to prevent future occurrences; and

e Providing the main interface with external assessors, leading the development of responses
to assessments, tracking the progress on assessments, and maintaining appropriate records.

ES&H professionals at both the New Mexico and California sites support Sandia organizations
in improving the safety of work activities. This support includes:

@ Occupational medicine

o [ndustrial hygiene

 Radiation protection

® Safety engineering

o Fire, electrical and building codes integration

The Environmental Operations Center at Sandia/New Mexico and the ES&H and Facilities
Management Center at Sandia/California are responsible for managing Sandia’s environmental
restoration projects, ensuring that all permit requirements are met, and working with federal and
local environmental regulators. A major portion of their activities is coordinated with the DOE
Office of Environmental Restoration and Waste Management through Sandia’s Energy and Envi-
ronment programs sector (see page 7-52).

Independent internal assessments are performed by a department that reports directly to Sandia’s
vice president for Environment, Safety, and Facilities Management. In addition, each level of
management provides periodic self assessments to review its own operations.

Each of Sandia’s corporate divisions is responsible for the ES&H activities in its area. Every divi-
sion has a designated ES&H coordinator who works closely with the ES&H Centers at New Mexico
and California to assure that effective environmental, safety, and health processes are incorporated into
the programs for which it has responsibility. The division ES&H coordinator also serves on the Line
Integration Working Group. In addition, all of Sandia’s center directors (center directors report to
division vice presidents) have also designated ES&H coordinators who are available to work directly
with researchers doing studies of ES&H issues. Each level of management is responsible for oversight
and assessment of its own ES&H processes to ensure safe operations and to comply with requirements.

ES&H Plans and Initiatives

The DOE ES&H Tiger Team assessments of Sandia/California in 1990 and Sandia/New Mexico
in 1991 led to major changes in Sandia’s ES&H effert, including significant increases in financial
and human resources. Emphasis on compliance with DOE orders and directives resulted in major
restructuring of ES&H activities. Formal processes are currently in place or being developed to
achieve compliance and to accommodate expanding requirements.

A laboratory-wide ES&H strategic plan is being developed to provide direction for further
improvements in our processes. The plan will emphasize the safety and health of employees, contrac-
tors, visitors, and residents in surrounding communities. ES&H responsibilities will be increasingly
assumed by Sandia line organizations as a part of their normal operations. ES&H professionals
will become integrated into the line operations for more effective communications and support.

ES&H training is operated as a service center. Formal prioritization processes are being imple-
mented to focus training resources on areas of greatest importance. Training intensity will increase
as greater emphasis is placed on on-the-job training.
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Changes in DOE programs and Sandia management initiatives will influence the direction of
ES&H activities at the Laboratories. The growing number of requirements and requests occurring
during this period of diminishing budgets requires a strong prioritization system to identify the critical
activities to support. Regulatory inconsistencies between federal, state, and local agencies will continue
to require resources for resolution. We must improve our processes for handling the diverse ES&H
requirements at our permanent facilities as well as at many field operational sites throughout the world.

ES&H activities at Sandia are classified among tour major categories of sponsorship and funding;

1. Environmental Restoration and Waste Management Operations— The DOE Gttice
of Environmental Restoration and Waste Management directly funds specific environmental
restoration and waste management projects. Program plans and budgets are defined
directly with DOE through Sandia’s Energy and Environment programs sector.

2. Core Program—The core activities of the Laboratories’ ES&I program are funded through
its indirect budget under the management of Sandia’s Administrative Management Committee.

3. Landlord— DOE Defense Programs (DP) has the “landlord” responsibility for Sandia
National Laboratories. Accordingly, DP provides support for specific ES&H facility
changes that require upgrading to meet requirements.

4. Internal Direct— Individual projects support ES&H professionals directly for services
unique to their operations. This budget line also supports the ES&H service centers.

ES&H Work for the Office of Environmental
Restoration and Waste Management

The DOE Office of Environmental Restoration
and Waste Management manages research and
technology development programs for envi-
ronmental cleanup and waste management
processes (including the Waste Isolation Pilot
Plant). A portion of this funding is for Sandia
operations and is managed as part of our ES&H
program. Details of ES&H work performed
for the Office of Environmental Restoration
and Waste Management are discussed on pages
7-52 through 7-58 in the chapter, “Research
and Technology Development Programs.”

This funding by the Office of Environmental
Restoration and Waste Management (EM) is for
the remediation of hazards at waste sites and the
development of processes to handle hazardous
wastes. Projects are managed and updated
annually by EM. Guidance and support of non-
EM activities are then funded directly by other
programs or through Sandia’s indirect budget.

EM-sponsored environmental remediation
of waste sites is expected to continue during
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cleanup of critical sites and then decline. As processes are developed to handle hazardous wastes,
direct EM support is expected to decline while the indirect budget sustains funding to improve the
developed processes. Waste handiing costs will be charged to the generating organizations,

Core ES&H Programs

The core programs supported by Sandia’s indirect budget provide the base for all laboratory ES&H
efforts. This base includes the majority of activities in policy development and implementation, safety
and health, and specific activities in environmental operations. In addition, this budget supports
independentassessment and core training. The ES&H Program Management Center is responsible
for the processes to allocate and control ES&H programs sponsored through the indirect budget.

Program Management

Development of an ES&H strategic plan, including benchmarking with industry, will be a major
thrust for the next several years. Continued translation and integration of new laws, regulations,
orders, directives, and requests into effective operations is increasing in complexity due to changes
in requirements. New requirements are integrated into operations through Sandia organizational
ES&H coordinators as a part of the Line Integration Working Group.

Development and application of an eftective prioritization system is a high priority as require-
ments continue to increase and budgets decrease. The prioritization effort is being done as a part
of the DOE prioritization project. Key to effective resource utilization is the development of a risk
management program and improved line implementation of hazards assessments.

The overall tracking and management of occurrences and assessment responses is being
reviewed along with other management information systems to define the most cost-effective way
for maintaining and interconnecting databases. Better ways must be found to interface with the
data systems used by various DOE and other regulatovy agencies.

Risk management, including safety assessment and analysis reporting, is a growing effort.
Programs for managing risks and hazards are being implemented in compliance with DOE orders.
Hazard assessments of all sites are being completed to upgrade emergency preparedness.

Assessments

ES&H assessments of Sandia by external organizations are coordinated through the ES&H
Assessments Management Department. The department interacts with assessors to assure that
their logistical needs are met, works with all parties to develop appropriate responses to assess-
ment findings, tracks the status of all responses, submits closure documents, and is the official
records manager for assessment documents. Emphasis is now being placed on assuring that the
multiple assessments that occur are appropriately documented and tracked and that records stor-
age requirements are met. Quality review processes are being developed to assure that responses
to completed actions meet the intent of the findings.

The ES&H Assessments Department provides independent internal assessments of Sandia
operations and reports directly to the vice president for Environment, Safety, and Facilities Man-
agement. A major emphasis of this department is to develop effective root cause analysis, lessons
learned, and metric processes to reduce the need for assessments,

Self assessments are made in all Sandia organizations at all levels of management. Results are
reviewed by the Sandia ES&H Council, and information is provided to all vice presidents so they
can improve the processes under their own purview.
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Training

The ES&H Training Department, a part of Sandia’s Human Resources Center, is responsible for
developing and maintaining the structure and records system for ES&H training. Department
staff work with ES&H professionals to develop and present specific courses. Emphasis on training
will continue to increase and new methods will be developed.

Waste Management

Waste management projects implement steps to safely and efficiently manage the Laboratories’
hazardous, radioactive, and mixed wastes, This effort includes projects in minimization, treatment,
storage, disposal, and project management.

Sandia/New Mexico holds an operating permit for hazardous waste management issued in 1992
and an interim permit for thermal treatment of energetic and mixed wastes. Radioactive, hazardous,
and mixed wastes are generated. All radioactive waste is either stored on-site or sent to disposal facilities
authorized by DOE. Hazardous waste is temporarily stored in the Hazardous Waste Management
Facility, then transported off-site for recycling, treatment, or disposal at commercial facilities with
EPA permits. Mixed wastes are currently held on-site in storage areas that were included in the
interim status permit application for mixed waste units submitted to the New Mexico Environmental
Department in 1990. Also included in the permit application was a facility, not yet operational,
that will be used for repackaging and storage of low-level radioactive waste and mixed waste.

Sandia/California has received a Part B RCRA (Resource Concervation and Recovery Act) permit
for op.ration of its hazardous waste management facility. Hazardous wastes at Sandia/California are
disposed of at various permitted, commercial disposal facilities. Compatible waste streams are consoli-
dated at Sandia’s hazardous waste storage facility to decrease costs. These consolidated streams are ana-
lyzed before disposal in accordance with the hazardous waste facility permit that was approved by the
federal EPA and the California EPA. Low-level waste is disposed of at the Nevada Test Site (NTS) in
compliance with DOE orders, EPA and State of California requirements, and N'TS criteria (NV0-325).
“Scintillation cocktails” (small vials of low-level radioactive liquids) from the Tritium Research
Laboratory are transported to a permitted commercial facility for incineration. Other low-level
mixed waste streams will be stored at Sandia/California untit off-site disposal options are developed.

Hazardous materials generated at the Tonopah Test kange are shipped to commercial facilities
for disposal within ninety days of generation. The Nevada Test Site has stopped accepting radioactive
wastes, and several drums of legacy radioactive materials are stored on-site pending determination
of a repository. No radioactive wastes are currently generated by operations at Tonopah. No mixed
wastes have been or are generated at the site.

The Kauai Test Facility generates small quantities of hazardous wastes, which are handled
through the Navy Pacific Missile Range waste management program. No radioactive or mixed
wastes have been or are being generated at this facility.

Inaddition to the need for adequate funding to perform waste management operations, there
is an acute need for approved, off-site treatment and disposal facilities for hazardous, radioactive,
and mixed wastes. Such facilities are particularly needed for mixed wastes. The luck of treatment and
disposal facilities for mixed wastes is a significant problem for the entire DOE complex and results
in the storage of mixed wastes beyond the legally allowable time.

"This problem was recognized in the 1992 Federal Facilities Compliance Act, which exempted
DOE from penalties for excessively long storage of mixed waste. However, the act did not exempt
DOE contractors, such as Sandia, from such penalties. Sandia, rather than DOE, has physical pos-
session of its mixed wastes. Discussions are being pursued with EPA, the state of New Mexico,
DOE, and other parties to resolve this issue.

Environment, Safety, and Health 9-9
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Safety and Health

The occupational safety program at Sandia makes the safety of personnel its first priority. The bases
ofour technical support are the programs and procedures developed to reflect DOE orders, regula-
tions of the Occupational Safety and Health Administration (OSHA), and other safety laws and

, €. ) . .
Machinist Rick Anderson operates a vertical

..turning lathe with iga@yoved safety features.
: The machine-was cited as a Category | vio-
* lation (the most serious) by the DOE Tiger

Team during its examination of operations
at Sandia/New Mexico in 1991, Sandia cor-
rected the violation immediately by adding

re shielding, electrical interlocks, ancta

*keyed switch to prevent accidental sty up

best practices.

Weare working to insti-
tutionalize safety training and
procedures. Risk management
activities, including support
for satety assessments and
safety analysis reports, is a
large cffort that will continue
to grow. Sandia is completing
a hazard assessment for all
sites so emergency plans and
procedures can be upgraded.
Weare continuing our efforts
to improve programs in fire
protection and emergency
preparedness as well as elec-
trical, pressure, traffic, hoist-
ing and rigging, reactor, and
other areas of safety.

We are giving increased
attention to upgrading safety
procedures and implementing
safety programs at remote
sites such as Tonopah Test
Range. (n addition, an acute
need exists to modify older
facilities and obtain proper
equipment for safe operations
at such sites.

We have initiated a Jong-
term ergonomics effort that
will meet the requirements of
DOE orders and upcoming
OSHA regulations. This pro-
gram has the potential to
interface with other preventive
medicine programs such as
Total Life Concept and
Employee Assistance Program
and provide a vehicle for
addressing ES&H concerns.
In addition, the precepts of
the Americans with Disabili-
ties Act will be embodied in
this program.
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The objective of the health management program is to maintain the physical and psychological
health of Sandia’s work foree through timely evaluation, diagnosis, and management linked to
analysis and intervention of the work site and occupational environment. This objective requires
that we interpret and apply health codes, standards, and regulations promulgated by several federal
and state agencies and national standards organizations. Core activities provide protection from
chemical and physical hazards in the workplace and furnish oversight, monitoring, contamination
control, und other radiation protection assistance for workers. A medical services program provides
health examinations and emergency medical services, including counseling to promote safe and
healthful worker lifestyles.

A Radiation Control Officer maintains oversight of all activities involving radiation sources.
The officer is also responsible for assuring that processes are developed to comply with the Radiation
Control Manual. Planning for compliance with this initiative began in 1992 and will be modified
as requirements change.

Safety and Health program compliance activities conduct remedial actions necessary to move
Sandia toward compliance with applicable OSHA regulations and DOE orders. Specific remedial
activities address audit findings and concerns in accordance with a completion schedule
approved by DOE or other audit groups.

Environmental Protection

Environmental protection activities provide Sandia organizations the support necessary for compli-
ance with the Clean Water Act, the Clean Air Act, DOE Order 5400.1, and various other requirements
and permits issued by local, state, and federal agencies. Activities include management of sanitary
sewer waste, storm water uischarges, spills, air quality, and environmental compliance.

Enviconrment, Satety, and Health
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Tiger Team Corrective Action Plan Incremental Cost Estimates*
(Operating BA in $ million)

FY93 FY94  FY95 EY96  FY97  FY98  FY99

Total requirements 344 285 225 152 NS 100 8.0
* These “cross-cut” cost estimates are included in the functional area funding requirements reported in the
tables below.
Indirect-Funded Waste Management Plan Funding Requirements
(Operating BA in § million)
£Y93 FY94 EY95 EY9%6  FY97  FY98  EY99
Total requirements 47 5.1 6.9 6.9 6.9 6.9 6.9
Safety and Health (S&H) Plan Funding Requirements
(Operating BA in $ million)
FY93  FY94  FY95S EY9%6  FY97 FY98  FY99
Total requirements 333 347 462 456 414 414 414
Indirect-Funded Environment Plan Funding Requirements
{Operating BA in $ million)
FY93 FY94 FY95 Y96 EY97T FY98  FY99
Total requirements 74 142 135 14 1S 136 137

Notes: 1. Funding from the Oftice of Environmental Restoration and Waste Management for ES&H activities
is included in the table on page 12-10.
. “Landlord” funding is not included in the tables above,
. Internally funded ES&H support direcily charged to projects is not included in these tables.
. The budget numbers shown here differ from those in the March 1993 Defense Programs Five-Year Plan

- o

duc to recent changes in the indirect budget.
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Human Resources
Management

Sandia’s people are key to the Laboratories’ ability to succeed in its mission. In the current envi-
ronment of evolving work priorities, continual change, and tluctuating budgets, Sandia’s intent is
the maintenance and full utilization of a workforce of talented, creative people dedicated to
“exceptional service in the national interest.”

Toward this end, Sandia has developed a Strategic Human Resource Planning process for
evaluating and improving the management ot human resources to achieve long-term programmatic
goals within the context of changing work requirements and evolving demographic and societal
trends. "Chis process is employed as the mechanism by which workforce composition and utilization,
workplace environmental requirements, and the ongoing human resource processes to support pro-
grammatic goals and to meet legal and regulatory requirements are forecasted, planned, and delivered.
The planning process is carried out ina partnership between human resource program managers
and line executives, who are jointly responsible for strategy formulation and implementation. The
process is modeled on the Malcolm Baldrige approach to quality improvement, and the resultant
strategies embed the key Baldrige elements for Human Resource Development and Management.

The first Sandia National Laboratories Strategic Human Resource Plan (SHRP), covering the
time horizon from FY 1993 through 1997, was published in October, 1992. The plan outlined a set
of critical issues obtained from the analysis of laboratory requirements and employee needs. Four
areas of strategic focus were established to address the critical issues: (1) Laboratories Stafting, (2)
Leadership and Management Development, (3) Performance Management, and (4) Diversity. A
fifth focus on Human Resource Cost Management has been identified and will be published in FY
1994, The implementing initiatives for the four areas of strategic focus include:

I, Integrating the hiring, internal movement, and labor contracting processes to place the
right person in the right job at the right time based on near- and long-term forecasts of the
required skills mix and consideration of cost, morale, and other factors.

2. Continually improving the ability of people at the Laboratories to lead others and manage
organizations, programs, and projects in an environment of constant change and evolving
work priorities.

3. Establishing a line-of-sight tor expected performance outcomes from the strategic
through the operational level and continually improving the performance (both output

and behavior) of individual employees throughout the Laboratories.

4. Making those strides in diversity which will improve employees’ experience of fairness in
the workplace as well as our ability to attract the future workforce.

Present actions and future initiatives to implement the plan are discussed in the following sections.
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Laboratory Personnel

Sandia National Laboratories’ management is committed to preserving the vitality and quality of
the Laboratories” technical, management, and support staft. In general, Sandia has followed the
personnel practices of AT&T and Bell Laboratories, allowing for unique provisions to accommodate
local conditions and precedent. These practices include:

1. Conducting nation-wide recruiting etforts at leading universities for the best qualified
technical candidates from all disciplines of engincering and the physical sciences;

2. Continuing education, training, and related skills development for all segments of the work-
force, based on needs assessments of current job performance requirements and career paths;

o~

Fostering a work environment that emphasizes customer focus and quality improvement,
participation in local decision making, open communications, and self-management;

4. Compensating people based on performance results and recognizing specific accomplish-
ments through both monetary and non-monetary award programs; and

5. Providing cost-cftective employee benefits and services, such as work and family services,
health maintenance programs, and employee assistance programs.

Several initiatives are now underway to implement the Strategic Human Resource Plan. The
first of these is a Laboratories’ Stafting Initiative to critically examine the skills, education, and
experience needed over the next two-to-five years and the desired composition for the year 2000,
based on the changes in our revenue streams. For this purpose, the Laboratories’ Strategic Plan,
business planning outlooks, investment/disinvestment decisions, and core competencies will
supply the data for near- and longer-term determinations of skill mix requirements. At the same
time, the composition of the current population will be assessed both in terms of the inventory of
skills and projections of attrition and capabilities lost. This information will determine both the
near- and long-term gaps between needed and available skills. The present Laboratories’ work-
force composition is shown in the table below.

To fill the near-term gap, as well as to address the staft surpluses that will result as the Military
Application program downsizes, a statf realignment strategy is being developed. This strategy will
include policy formulation on statf retraining and retention, specitic identification and implemen-
tation of retraining programs, and modification of internal movement processes. An Employee
Development Center will open in Summer 1993 to implement the policies and coordinate
retraining and movement.

For the longer term, a process and structure will be established to dynamically assess the gap
between current and needed future skills mix, factor-in workforce projections and cost data,
determine hiring requirements, provide input to training and development needs assessments,
and update guidelines for the procurement of contract personnel. A major function of the
Employee Development Center will be to provide information to managers and other employees
on the trends in programmatic directions and their impact on skill needs, thus encouraging
employee responsibility for maintaining and developing relevant skills and capabilitics.

The second major initiative is a Performance Management process based on an annual cycle
of performance planning, employee development and ongoing feedback, and formal performance
evaluation of achievements against the planned outcomes. From these evaluations, compensation and
other reward decisions can be made. A design team has completed development and implementation
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Laboratory Staff Composition
PhD  MS/MA  BS/BA ther

Professional Staff:

Engineers 645 1165 258 17

Scientists 681 378 116 19

Other Technical 2 50 22 398

Management and Administrative 47 518 198 67
Support Staff:

Technicians 1 n 149 1379

All Other 29 193 242
Laboratory Total Staff 1376 2115 936 41122

ofa process for the executive levels of management. These personnel have been trained in the
process, and initial performance plans are documented. Managers and employees in represented
job categories, in collaboration with union officials, have also developed and implemented a per-
formance management system. Design teams are being formed to implement performance man-
agement for the remainder of the Laboratories’ population.

Future phases of the Performance Management initiative will integrate the process more fully
with the larger human performance system, including identification of competencies supporting
position roles and responsibilities, succession planning, career management, revised compensation
strategics, training and education, and work and organization design. As with Laboratories
stafting, the total human performance system will be driven by the Laboratories’ strategic and
business planning forecasts.

The Leadership and Management Development strategy is discussed in the section, *Continuous
Protessional Education,” in this chapter. The Diversity Strategy is being formulated by the Corporate
Diversity Team as discussed in the section on Affirmative Action and Equal Employment Opportunity.

Affirmative Action and
Equal Employment Opportunity

The Diversity and Equal Employment Opportunity/Affirmative Action vision for Sandia is to
become a national leader in valuing the diversity of all employees and integrating diversity into all
aspects of conducting business. At Sandia, diversity means creating a work environment in which
differences are valued and utilized to improve laboratory performance. Sandia continually strives
forawork environment where mutual respect and opportunity are fostered for all employees.
Respect for the individual, one of five corporate values articulated in Sandia’s strategic plan,
continues to be the foundation for human resources policies, including affirmative action and equal
employment opportunity. Although compliance with applicable employment laws and regulations
(suchas Title VL of the Civil Rights Act of 1964, as amended, Executive order 11246, the Age Dis-
crimination in Employment Act of 1967, the Rehabilitation Act of 1973, the Vietnam Era Veterans
Readjustment Act of 1973, and the Americans with Disabilities Act of 1990) is legally mandated,
Sandia’s commitment goes beyond mere compliance and is based on a moral commitment to all
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Members of a subgroup of Sandia’s 15-member Corporate Diversity Team discuss some of the issues
they're addressing as they help develop a strategic corporate diversity plan for the Laboratories. From left:
Brenda Barajas, Anthony McDonald, Bob Eagan, Gary Randall, and Gina Bell.

individuals regardless
ot race, religion,
gender, age, national
origin, veteran status,
ornon-job-refated
disability. We ensure
that our employment
and promotional
actions are in accord
with the principles of
equal employment
opportunity and aftir-
mative action by
basing employment
decisions on valid job-
related criteria. Terms
and conditions of
cmployment attected
by Sandia’s Equal
Employment Oppor-
tunity/ Affirmative
Action commitment
include recruiting,
hiring, training, pro-
motion, compensation,
benefits, transters, lay-
offs, returns from
layoft, Sandia-spon-
sored training, educa-
tion, tuition assistance,
and social and recre-
ational programs.

Itis Sandia’s policy to prohibit sexual harassment of its employees in any form. Policies and
practices conform to the Sex Discrimination Guidelines for Government Contractors (41 CFR
60-20). Both supervisors and employees are subject to complying with Sandia’s policy on sexual
harassment. Complaints of sexual harassment (or other forms of harassment or discrimination)
are investigated immediately. Appropriate sanctions may range from warning to termination.

With respect to job applicants or employees with disabilities, Sandia’s personnel process
assures a thorough and systematic consideration of qualifications, job requirements, and possible
accommodations. When appropriate, physical and mental job requirements are reviewed to
ensure that such requirements are job-related and consistent with business necessity and safety.

Self Assessment and Progress

The representation of women and minorities in all job classifications increased by 15.6% and 4.1%
respectively over the past five years. Based on U.S. census data for 1990, Sandia has not reached full
utilization of women and minorities in all job classifications. However, goals have been established
for each Sandia corporate division in which underutilization currently exists. These goals are a part

of each vice president’s affirmative action plan.

Institutional Plan kY 1994 - 1999




During FY 1992, goals for women were met in 15 of the 19 underutilized job groups while
minority goals were met in 10 of 13. At the beginning of FY 1993, using the 1990 census data,
women were underutilized in 21 of the 45 job groups. During the first six months of FY 1993,
progress in hires, promotions, and transfers was made in 11 of these job groups. Of the 293 place-
ment opportunities for women, 34.8% were made in job groups that were underutilized.

At the beginning of FY 1993, minorities were underutilized in 19 of the 45 job groups. Progress
was made in 15 of these job groups during the first six months of FY 1993, Of the total number of
minority placements, 61.0% were made in underutilized job groups.

A detailed profile of Sandia’s diverse work force and a description o our progress toward meeting
affirmative action objectives may be found in the Laboratories’ 1993 Affirmative Action Program.

Another method for assessing progress toward aftirmative action goals is the Internal Compliance
Review. This process involves an in-depth review and analysis of each component of the Affirmative
Action Plan and other relevant data, such as compensation and formal charges. An internal com-
pliance review is planned for FY 1993.

Sandia makes every effort to ensure equal employment opportunity for people with disabilities.
Employees who choose to identify themselves as disabled are also asked to provide information
necessary for possible accommodations. Self-identification is purely voluntary, and information
provided is used only in accordance with regulations. Consequently, it is not possible to provide
an accurate figure for the number of disabled persons employed by Sandia. However, based on data
from Sandia’s invitation to self-identify, approximately 117 individuals have self-identified as being
disabled. In addition to these, 30 individuals are currently employed through Sandia’s contract with
Career Services for Per-
sons with Disabilities.
In our efforts to ensure
that all appropriate
accommodations are
considered and made
for individuals with
either permanent or
temporary work
restrictions, cases are
reviewed by the Dis-
ability Accommoda-
tion Committee. Its
purpose is to review job
requirements and work
restrictions to ensure
that they are specific to
the job sought by the
disabled individual and
to determine what rea-
sonable accommoda-
tions can be made given
the required work
restrictions. Inaddition,
the committee may
review laboratory-wide
issues atfecting a group
ot disabled employees
or applicants.

Researcher Carol Ashiey prepares a solution of inorganic polymers using chemical synthesis procedures.
Sandia is increasing its numbers of women and minorities in all job classifications.
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Plans for Accomplishing Goals

Plans for achieving a diverse work force and full compliance with equal employment opportunity
and affirmative action regulations have included some recent changes in the management structure
in order to facilitate accomplishment of the established objectives. The new structure, which is
described below, involves those members of management who are in positions most critical to
effect the desired results.

The Diversity Leadership Center was established in 1992 to give higher-level visibility to diversity
issues and to implement a comprehensive diversity plan for the Laboratories. This new organization
comprises two departments, the Equal Employment Opportunity/Affirmative Action Department
and the Diversity Planning Department. The Diversity Leadership Center staff was increased during
FY 1993 in order to be more responsive to the needs of all customers and accomplish the goals
and objectives of the organization.

This center has also identified the need for the development and implementation of an informa-
tion system to meet the needs of all users of Equal Employment Opportunity/Atfirmative Action
data. Reliable and timely reporting and access to data are critical in achieving full compliance. The
current affirmative action management system is being upgraded and will be used to track and mon -
itor status and trends of formal and informal complaints filed by employees. The developmentand
implementation of an affirmative action information system and local area network are continuing,

Sandia Management Council’s Forum on Equal Employment Opportunity, Affirmative Action,
and Diversity meets quarterly and is composed of Sandia’s vice presidents. The purpose of this
group is to bring executive focus to aftirmative action issues, plans, and programs.

A Diversity Leadership Committee was appointed by this Forum. It consists of a director from
each division and is co-chaired by an executive vice president and the director of the Diversity Lead-
ership Center. This committee meets monthly to review corporate equal employment opportunity,
affirmative action, and diversity issues and make recommendations to the Sandia Management
Council. As necessary, italso charters teams to accomplish established objectives. Currently chartered
teams include Vice President Aftirmative Action Program teams and a Corporate Diversity Team.

The purpose of the Vice President Affirmative Action Program teams is to support implemen-
tation of corporate and division affirmative action plans. An Affirmative Action Plan is developed
for each division. These affirmative action plans include goals based on business and staffing plans
and projected opportunities, The goals are published and communicated to staff, and progress is
monitored and reported to the division vice president.

The Corporate Diversity Team was chartered to assist with the development of a strategic cor-
porate diversity plan and support the implementation of such a plan. Successtul implementation
of this plan will improve employees’ experience of fairness in the workplace and the Laboratories’
ability to attract the future work force. This fifteen-member committee represents a cross section
of employees from all areas and job classifications,

Weare confident that with this new structure (including the contributions of the action-oriented
programs described below) and continued employee support of Sandia’s equal employment
opportunity/affirmative action objectives, Sandia will continue to move toward full compliance
and diversity,

Action-Oriented Programs

Outreach/inreach and other action oriented programs play a vital role in achieving and maintaining
awork force that values individuals’ differences and recognizes diversity as a competitive advantage.
At Sandia, outreach/inreach committees have been established for American Indians, Asians,
Blacks, Hispanics, women, and the disabled. Each committee is composed of between 12 and 75
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members from both the technical and administrative staffs. The outreach programs contribute to
Sandia’s affirmative action efforts by using community contacts to identify women and minoritices
for possible employment at Sandia and increasing sensitivity and cultural awareness. Examples of
commnuittee activities include participation in career fairs, conferences, providing tours and lectures,
and sponsoring cultural celebrations.

Sandia also sponsors eight affirmative action employment programs in addition to the regular
recruiting program. The One-Year-On-Campus program, for example, has resulted in the
employment of approximately 91 minoritics at Sandia since 1983, For over ten years, Sandia has
also contracted with Career Services for Persons with Disabilities for employment and training of
penple with disabilities.

inaddition to the employment related programs noted above, Sandia continues to receive
recognition for its achievements in affording maximum opportunity to minority and women-
owned business enterprises to participate as suppliers and contractors. Sandia has had a very
active disadvantaged, women-owned, and small business program for many years and has
received awards from organizations such as the Small Business Administration, Department of
Energy, and others for its accomplishments.

Human Resources Management
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Sandia National Laboratories/New Mexico
Equal Employment Opportunity

Fiscal Year 1987

Grand Total Minority Other Black ___ Hispanic | Native American _ Asian
EEO Category [Total @ Male | Female = Male | Female Male | Female | Male 'Female | Male | Female | Male |Female | Male  Female
Workfore # %  # % ( # % # % % [ # % # %4 % # % # % 1 # % # % # % % %
Officials & Managers ’ 924} 863 934 61 66 109 11.8| 14 150 745 816! 47 15/ 14150 202 82 89| 8 09 6 06: 202 708 202 ’
Scientists & Engineers | 273912508 916 231 84! 229 84| 33 1212279 832| 198 72/ 17 06| 502139 51, 9 03 1104 201 622317 06
Management & Administrative | 514 | 313 60.9 | 201391 58 113} 46 89 255 496, 155302/ 10 19| 9 1.8 35 68' 26 51, 918 612, 408 510
Technicians | 19991722 86.1 . 277 1391 361181 68 34 . 209 105 47 2.4%12 06 255128 38 19 30 15 804 2915 10 05
All Others | 222111059 47.7 1162 523 | 592 26.7 | 503 226 | 659297 51 2366 3.0 464 209 342 154 60 27 79 36 17 08 16 0.7
Totals ; 8397%6455 770 1932 230 1349 16.1| 664 7.9 5116 60‘95 1268 15.11139 1.7%94 11 § 975 116 1423 50 /116 14.97 12 119 1450 06
Fiscal Year1992
Grand Total Minority Other | Black Hispanic . Native American Asian
EEO Category Total  Male | Female Male  Female : Male Female | Male | Female . Male Female '~ Male | Female . Male Female
Workforce # % | # % # % # %  # % | # % . # % # % # % 4 % # % # % # % & %
Officials & Managers 1028 ; 921 896 107 10.4: 155 151 26 2.5§ 766 7451 81 79 20 1.9% 505110107 18. 1.8 7 07 0 0.0: 1818 303
Scientists & Engineers 303532685 88.5“ 350 11.5° 262 86 58 192423 79.8§ 292 96 17 0.6§ 6 0.2 [ 153 500 18 06 16 05 ¢ 602 7625 2809
Management & Administrative = 587 | 295 503 292 4971 66 11.2 77 13.1 : 229 39.0% 215 36.61; 13 22 (322, 40 68 4 77 712012204 610 712
Technicians 1705 : 1482 847 . 268 153 335 19.1 73 4.2§ ey 65.51 195 1100 42 2412 07 228 13.0 - 44 25 37 21 704 2816 10 06
All Others 2231 949 4251282 575 553 248 548 246 396 177 734329 53 24 58 26 439 197 3% 17.7 50 22 76 341 1105 18 08
Totals 8631 6332 732 2299 266 1371159 782 9.1 4961 57.5 1517176145 17 94 11,970 112 521 60 117 1.4 101 117 139 16 66 08




Continuous Professional Education
Sandia’s corporate education policy states:

Sandia is firmly committed to the continuous improvement ot alt Sandians through education
and training and views it as a strategic investment in Sandia’s future. Sandia demonstrates that
commitment by providing corporate funds and other resources for educational activitics which
enhance Sandia’s competitiveness and support the achievement of Sandia’s strategic intent.

Sandia’s corporate training and development function is directly aligned with corporate strategies
and business plans and supports the corporate mission, values, and objectives. This alignment and
support is provided by offering individuals and groups a wide variety of high-quality, job-related
performance improvement and development opportunities. The scope of performance improvement
opportunities includes gaining and applying knowledge, skills, and abilities in the advancement of
technology, quality human processes, personal health and safety, and vrotection of the environment.

Training needs of the staff are determined through ongoing assessments. Curricula are devel-
oped to target specific job performance improvements. Current emphasis is on curricula in Agile
Manufacturing; Software Engineering; Project Management; Quality; Environment, Safety, and
Health; and Leadership and Management Development.

Leadership and Management Development is one of four top priorities spelled out in the Lab-
oratories’ Strategic Human Resources Plan (SHRP). The initiative will result in a corporate policy,
development model, and curriculum for leaders and managers to improve their skills based on
specific competencies required in Sandia’s changing culture. A design team with laboratory-wide
representation is currently engaged in the planning and design of these outputs, and implementation
will begin during the first quarter of FY 1994. This important work will augment existing training
and skills enhancement related to leadership and management. Traditionally, we have provided a
combination of internal courses and university or institute-based seminars and workshops. We
have also provided individual coaching of newly promoted managers and team supervisors.

Corporate training and development services for internal customers include:

[. Design, development, implementation, delivery, and evaluation of job-related training
and development courses, using a systematic design and development process for each
course or curriculum request; and

8]

Administration of major training and development programs, including;:

In-Hours Technical Education Courses (INTEC) — INTEC’s purpose is to support Sandia’s
mission and goals, to ensure continued technical expertise of the staff, to develop the staff’s
technical and analytical capabilities, to satisfy technical demands of current programs, and to
expand technical capabilitics for future programs.

Tuition Assistance Program (TAP)—TAP provides tuition payment for eniployees who
are pursuing university-based continuing education.

Doctoral Study Program (DSI',— DSP provides participants with the opportunity to pursue
a Ph.D). degree by attending school full time and by paying their expenses and a stipend.

One-Year-On-Campus (OYOC) Program — OYOC serves Sandia’s affirmative action

objectives by permitting bachclor-degreed new-hires to attend school full time to carn a
master’s degree and by paying their expenses and a stipend.

Human Resources Management
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The Distance Learning Program— This program provides the delivery of live seminars and
full semester courses transmitted via video link from off=site universities or other locations to
Sandia sites.

Environment, Safety And Health Training— T'his program offers a very large curriculum
of courses required to comply with DOE orders related to environment, safety, and health.

In 1992-93, the Corporate Training and Development Program had 48,207 course completions.

Sandia is committed to continuous improvement in its professional development activitics,
This commitment is evidenced in the recent tormation of the Corporate Education Directors’
Committec and the Corporate Education Process Management Team. These groups are focused on
the development, implementation, and management of training and development policies, practices,
and procedures. Goals include ensuring strategic alignment of all protessional development activitics
with Sandia’s corporaie values, mission, and objectives, including alignment with Malcolm Baldrige
National Quality Award criteria.
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Sites and Facilities

Sandia’s executive management offices and larger laboratory location are on Kirtland Air Force Base
on the southeastern edge of Albuquerque, New Mexico. Another Sandia laboratory complex in
Livermore, California, adjoins Lawrence Livermore National Laboratory. Test ranges are operated
near Tonopah, Nevada, and on the Navy Pacific Missile Range, Kauai, Hawaii.

Laboratory Description

A generalized description of Sandia National Laboratories’ facilities appears on page 3-10 of the
chapter, “Executive Overview.” Condition, age, and categories of use of Laboratories’ buildings
areillustrated in the charts on this and the next page.

Facilities Plans and Options

Site Development
Sandia’s Site Development Plan, updated annually, Condition of laboratory space
contains a comprehensive description of planned
facility changes. The plan describes an optimum site develop-
ment projection with short-range and long-range plans for
the three principal Sandia sites. In the current dynamic
environment, this plan is becoming an evolutionary
document in which site locations shown for future
facilities are tentative. Exact locations of tuture
facilities, site in{rastructure, and the types of activi-
ties they will support are determined both through
business planning and the results of site evaluations.
The intent of Sandia’s site development planning
is to relieve space shortages and construct permanent
buildings to replace temporary ones, while providing
for the conversion of the site to support more open
access and unclassified activitics. As the construction
progra.n permits, we will retire mobile offices, trailers,
transportable buildings, and other substandard space.
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Inaddition, our site development planning will be mindful of the requirements of the National
Environmental Policy Act and site environmental restoration activities.

Three essential factors under-
lie Sandia’s site and facilities plan,

)
2000 | Oncisaproblem that has existed
. from the Laboratories’ founding
1750 |- | . .
) | when the nation was in great
8 1500 © urgency to build a nuclear arsenal.
x \ The Laboratories did not have
§ 1250 | adequate permanent buildings
uw then, and the problem has never
o 1000 .
- | been fully corrected.
L& 750 “ The second factor recognizes
(7, ] ~
2 co0 that pmto'und cbang.cs have .
o | occurred in engincering practice
Yo and the supporting scientific dis-
, ciplines since Sandia was founded.
Lessthan10  11to 20 21t030 31t0 40 Over 40 l‘)urn.lg the ],95()5’, much of
. Sandia’s enginecering work was
Building Age (Years) straightforward and was checked
) B T with extensive field testing, But
for many years now, cost-conscious engineering has been intensely analytical, relying heavily on
elaborate, sophisticated instrumentation that requires control of temperature and vibration to
achieve repeatability and reliability. With this evolution, staff moved from the field to the labora-
tory. Laboratory work proliferated, the complexity of measurements and apparatus increased,
and professional requirements for staff were raised. The recent suspension of underground nuclear
testing, coupled with Sandia’s continuing responsibilities for ensuring stockpile reliability and
nuclear weapons surety, will increase requirements for both laboratory simulation and computa-
tional capabilities. These changes create new facility needs.
The third factor recognizes the dramatic changes in the international environment, including the
demise of the Soviet Union and Warsaw Pact and the shift from military to economic competitiveness,
and the consequent impacts on
[ S N Sandia’s future missions. Greater
3000, emphasis on technology transter,
Replace econonic competitiveness, and
Rehabilitate teamwork with private sector
2500 Adequate partners in unclassified research
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and development will require
conversion of the New Mexico
and California sites to more open
campus and rescarch park envi-
ronments. This change will
include site improvements to ease
access for unclassified activitics,
new facilities to support changing
missions, and accompanying
infrastructure investments to
support sitc conversion.

Sandia, like other national
taboratorics, is working much
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more closely with ULS. industry, especially non-defense industry. These close associations require

extensive on-site interactions with uncleared personnel and are generating much new unclassified
work. The tact that Sandia’s primary location is on a military installation can make doing business with
private-sector partners awkward. If this sector of the Laboratories” business is to grow significantly
and if industry is to have better aceess to the substantial government investment at the laboratories,
we must develop innovative means for overcoming these impediments while continuing to meet our
requirements to protect both classified and proprictary information as well as the security require-
ments of the host military installation,

This change will likely involve subdividing the New Mexico site into classified and unclassified
business arcas and making improvements in public access, traffic circulation, parking, and other
infrastructure. It will also require reconfiguring the California site to increase the areas of unclassified
access. Adequate funding to allow conversion to this more cost-ettective and accessible configuration
is not currently available. Significant investment will be required to allow Sandia to convert portions
ofits site to unclassified areas.

The changes in our mission and customer mix also provide an overarching requirement to
increase the timeliness of our responses to new initiatives. Construction is sometimes necessary to
provide laboratories, prototyping lines, and other facilities to support technology transfer and eco-
nomic competitiveness. The amount of time required to request and gain approval for construction

This illustration of Sandia’s New Mexico facility shows envisioned improvements in public access, traffic circulation,
parking, and other infrastructure that will allow the private sector to interact on-site more easily with the Labs.
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funding is incompatible with the needs of this dynamic environment. Theretore, to better respond
to these new missions and customer base, we must find a way to shorten the request-to-approval
time on construction projects to about two years and total project time to no more than five years,

Other important factors we must consider in our facilities planning are the need to conserve
energy; new ES&H (environment, safety, and health) regulations; changing physical security
requirements; and the requirement to provide special purpose buildings for certain applications.

Older structures, particularly temporary buildings, waste energy and are expensive to maintain,
More stringent requirements for providing for the protection of the environment and the safety and
health of our employees and visitors make continued use of some of these facilities impractical. Shifts
in physical security regulations (allowing the use of concepts such as islands of security) and in the
nature of the materials and data being protected (from weapons-related to proprietary information)
will allow for dramatic reconfiguration of the existing limited areas. New technologies and activities will
demand that facilities be designed to support unique requirements. Examples are buildings for equip-
ment to fabricate microstructures, inertial confinement fusion machines, special instrumentation
systems, environmental and energy research laboratories, fabrication facilities to support rapid
prototyping and the development of advanced manufacturing techniques, and computer centers
to support all of these applications.

The Laboratories must also reduce dependency on buildings borrowed from the military and
should consider reducing its use of off-site commercial leased space. Sandia’s New Mexico location
relies heavily on borrowed or leased Air Force buildings and sites for testing and warehousing, and

Sandia National Laboratories, Albuquerque, New Mexico
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should the Air Foree need these buildings and sites, they would have to be returned. While planned
construction will help relieve problems of building availability and aceessibility, consideration should
be given to consolidation ot test locations and/or pursuit of land transters from the Air Force to DOE
to accommodate tuture needs.

The amount of oft-site commercial leased space utilized in New Mexico has grown dramatically.
While certain types of space, such as a hangar for aircraft aging testing, are impractical to duplicate
onsite, other types, such as general office and light laboratories, could be accommodated. The primary
drivers causing some Sandia organizations to move oft-site have been the Laboratories persistent
space shortages and the impediments to public access presented by the current site configuration,
The impacts of these moves include both the costs involved in obtaining and occupying leased space
and the dispersion of personnel, leading to increased travel time and a loss of synergy among related
organizations and activities. Proposed construction and conversion of the site to better support
unclassified public access activities will help relieve these problems.

Facilities Maintenance

Sandia’s site maintenance plan was prepared in accordance with DOE Order 4330.4A, Maintenance
Management Program. The maintenance plan is intended to manage activities to reduce the main-
tenance backlog and identify special maintenance requirements likely to impact site missions,

Sandia National Laboratories, Livermore, California
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functional unit availability, or functional unit material condition. Major cost factors of site maintenance
are identitied, and site-wide maintenance program costs are summarized. The effectiveness of the site’s
preventive and predictive maintenance programs is analyzed, as well as the site’s performance with
regard to obtaining the maximum useful life from its functional units. Improvements to the main-
tenance program that have potential to lower costs or extend functional unit usetul lifetimes are
also discussed.

Energy Management

Sandia conducts a formal In-House Energy Management(IHEM) program to adhere to the require-
ments of DOE Order 4330.2D. The IHEM program is managed by Sa 1dia’s Facilities Program
Management Center asa part of the Maintenance Management Program Office. The Energy Program
Manager reports to the Maintenance Management Program Office and oversees the operation for
the Laboratories’ New Mexico, California, and Nevada sites. Inaddition, an Energy Conservation
Coordinator has been assigned for each site, responsible for day-to-day operations.

The IHEM program has established a comprehensive Energy Management Plan that maps out
the strategy to be used to attain the FY 1995 and FY 2000 efficiency goals set forth in DOE Order
4330.2D. These goals mandate energy efficiency improvements for buildings, metered processes,
vehicle fuels, and petroleum use against 1985 baseline consumption.

Condition Assessment

Sandia has been selected as one of four DOE sites to test and evaluate all aspects of the Condition
Assessment Survey (CAS) process under development as part of the Capital Assets Management
Program (CAMP). CASisa consistent, credible, and auditable process of assessing facility conditions
using standard industrial practices. The process involves the development and implementation of
deficiency standards, inspection methods, a Condition Assessment Iinformation System (CAIS),
an inspector training program. and a quality assurance program. CAS is intended to evaluate the
condition of all DOE propert: by visual and analytical standard inspection methods. The CAIS will
record annual inspection data and facility deficiencies refated to safety, security and the environment.

General Purpose Facilities Plans

General Purpose Plant Requirements

Consistent funding of general plant projects (GPP) is crucial for facility changes, structural improve-
ments, and non-line item buildings to meet special programmatic needs and upgrades to meet new
standards. Funding requirements approximate between 1.0% and 1.5% of total operating funds.
Nearly all of the required funding is provided by the Assistant Secretary for Defense Programs,
However, for the 1994 and 1995 fiscal years, Defense Programs funding for GPP projects will be
reduced to $3 million per year—less than half of what has been provided previously and well below
our requirement of $7 million per year. These reductions will have significant impacts on the
implementation of planned site and facilities ES&H, infrastructure, and programmatic projects.

We expect substantial GPP support from the Office of Environmental Restoration and Waste
Management in the future to support projects for environmental, safety, and health compliance.
Projected GPP requirements are shown in chapter 12, “Resource Projections.”
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General Purpose Equipment Requirements

General Purpose Equipment (GPE) is that equipment used by laboratory administrative and
management activities, Funding is provided by applying a surcharge of 10% on DOL capital
equipment and 0.5% on non-DOE funding,

Inactive Surplus Facilities Plan

Toidentity surplus facilitics, Sandia has taken a inventory of each of its major buildings and their pri-
mary missions, then categorized them according to their condition and status of mission. This process
revealed that a majority of the buildings housed multiple programs which change otten. The uscful life
ofaspecific building may be shortened more by mission change than by facility age or obsolescence.

Buildings judged to be surplus must be substandard or contaminated to such an extent that
they are unfit for reuse once they have been vacated. Because of the shortage of permanent space
in satisfactory condition, any satisfactory space that becomes available through organizational
movement or program reductions is quickly filled.

Facilities Resource Requirements

Some of our laboratory facilities are being upgraded and new ones are being proposed. Several new
construction projects address long-standing insufticiencies. Other projects accommodate changing
functions and requirements.

Environment, safety, and health concerns are actively addressed in planning for all facilities.
Accordingly, all new buildings and major renovations are reviewed internally and by DOE for ade-
quacy of ES&H design features. In thearea of environmental protection, DOE now requires that ail
contractors comply with the provisions of the National Environmental Policy Act. This law stipulates
that major construction projects be reviewed for potential impacts on the environment and for com-
pliance with environmental laws. For cach new facility and major renovation, Sandia prepares an
Action Description Memorandum tor circulation within DOE. [f DOL deems that further docu-
mentation is necessary, an environmental assessment or an environmental impact statement is
prepared and made available to the public.

Projects required to meet environmental laws, regulations, and DOE orders are included in
Sandia’s Five-Year Plan for Waste Management Operations and Environmental Restoration,
DOE also requires a satety review of new construction projects and major renovations.

Adequate funds to allow conversion to a more cost-etfective operation involving unclassified
areas are not currently available. Environment ! remediation activities are already placing a seri-
ous burden on operating tunds. Conversion o: portions of our sites to accommodate cconomic
competitiveness and other unclassitied activities will require significant investment and should be
budgeted and appropriated in line with our evolving integrated site planning,

Funded Construction

The principal goals of Sandia’s construction planare to provide tacilities needed to achieve program-
matic objectives, eliminate substandard conditions, and replace temporary space with permanent
facilities. Items listed in the table of major construction projects (pages 11-10 through 11-11) are
briefly discussed below. Inaddition to these items, a number of major renovation projects with an
average total project cost of less than halfa million dollars are performed using expense funds.
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The Integrated Manu-
facturing Technologies
Laboratory at Sandia/
California was com-
pleted in 1992. The
building will be dedi-
cated to programs that
develop advanced
manufacturing tech-
nologies for defense
and civilian industry.

Integrated Manufacturing Technologies Laboratory (IMTL) (California) — This facility,
now complete, will focus on the development and integration of advanced manufacturing tech-
nologies for DOE nuclear weapon programs. It will house activities in materials and process
research and development, process simulation, engineering design, and manufacturing technol-
ogy support. In addition, significant space will be dedicated to prototype fabrication research

andademonstratic- 1 foragile manufacturing, both for DOE and for the domestic industrial
n netal removal and welding, weld process simulation, composites

fabrication, hig imunication of manufacturing data, and on-line monitoring and

control. Special ¢ alinclude energy conservation, environmental monitoring and control

systems, and personnel access control.

sector. Initial fo

Explosive Components Facility (ECF) (New Mexico) — Sandia is DOE’s technology center
for ordnance for nuclear weapon systems. Four of Sandia’s departments will utilize the ECF:
Explosive Components, Neutronic Components, Power Sources, and Weapons Evaluation.
ECF capabilities include internal test-fire chambers, an x-radiographic diagnostic laboratory, an
explosive mild detonating fuze and timer development laboratory, remote postmortem and
disassembly areas, and a pulse heat laboratory. A significant feature of the ECF will be improved
explosives handling aid safety.

Technology Support Center (New Mexico)— This center will reduce the Tech Arca V popula-
tion to minimize potential radiation exposures by providing a new office, light-laboratory, and
conference center for staff who support the reactor facilities. An improved facility is particularly
important because Tech Area V' receives many visitors as a consequence of its development and
testing programs for DOE, DoD), and other agencies.

Main Electrical Service and Switchgear (California) — The main clectrical service and asso-
ciated switchgear are being upgraded to supply all site power requirements for the foresecable
future. The proposed service is dual-source, separate-direction, and will provide backup capability
and additional capacity when required.
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Robotics Manufacturing Science and Engineering Laboratory (New Mexico)— This
laboratory will facilitate progress in the development of robotics and automation technologies,
which have been identitied as strategically important. [t is evident that these technologies can
minimize the need to use humans in hostile environments or near potentially hazardous
materials; accomplish tasks that stretch normal human capabilities for complexity and relia-
bility; and reduce production and operating costs within both the weapons production com-
plex and the domestic industrial sector.

Investment Casting Addition (New Mexico)— This addition to Sandia’s melting and
solidification taboratory will provide space for a new casting furnace along with ancillary
equipment, a closed-loop cooling system, and a control center.

Nonnuclear Reconfiguration (New Mexico)— Extant Sandia buildings will be renovated
and modified to accommodate the functional requirements for assembly of neutron generators,
cap assemblies, and power sources.

Power Systems Modernization (New Mexico)— Elcctrical distribution systems at Sandia/
New Mexico are aging and obsolete, as is the series-connected security lighting system. The
project includes converting to higher distribution voltage, replacing aging and obsolete trans-
formers and switchgear, and replacing cable as required. It will also replace the remaining
series security lighting system and begin replacement of aging master unit substations.

The Explosive Components Facility at Sandia/New Mexico is under construction and will be occupied in 1995. The building will contain

an explosive components testing area, chemical and physical testing laboratories, propellant and pyrotechnic areas, a battery testing
area, a neutron-generator testing area, and other special facilities. The facility will provide the capability to support component devel-
opment for nuclear weapons.

Sites and Facilities 11-9
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Major Construction Projects
(Fiscal Year Budget Authority in Millions)

Total Total
Estimated  Project
Site Sponsor  Cost Cost

Funded Construction
Integrated Manufacturing Technologies Laboratory (A DASMA 456 458
Explosive Components Facility NM DASMA 278 27.9
Technology Support Center NM DASMA 30.0 30.2
Main Electrical Service & Switchgear CA DASMA 53 5.4
Robotics Manufacturing Science and Engineering Laboratory ~ NM DASMA 33.0 333
Investment Casting Addition NM DASMA 37 3.7
Nonnuclear Reconfiguration NM DASMA 74.8 95.3
Power Systems Modernization NM DASMA 342 346

Total DASMA
Center for National Security and Arms Control NM 1S 34.5 345
Combustion Research Facility, Phase |l (A ER 24.6 26.0
Proposed Construction
Site Conversion NM/CA DASMA 35.8 47.0
Processing and Environmental Technologies Lab NM DASMA 436 48.8
Jupiter X-Ray Simulation Facility NM DASMA 300 240.0

DNA

Program Support Center M DASMA 21.0 2.1
Siorm and Sanitary Waste Systems Modernization NM DASMA 10.5 10.6
Infrastructure Modernization (A DASMA 26.7 21.0
Water Systems Modernization ALL DASMA 6.6 6.8
Transportation Systems Modernization NM DASMA 79 8.3
Laboratory for Industrial and National Security

Applications of Computing and CAE NM DASMA 50.0 50.3
Aerodynamics Laboratory Building NM DASMA 65.0 65.5
Warehouse Complex NM DASMA 120 123

Total DASMA*
Consolidated Waste Management Complex NM EM 93.6 105.0
Geoscience Research Laboratory NM R 27.6 216

TotalProposed

* DNA contributions are not included in DASMA total
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Major Construction Projects (Continued)
{Fiscal Year Budget Authority in Millions)

BA
thru

Fror P2 RS P4 P95 FY96
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A0 130
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Center for National Security and Arms Control (New Mexico)— This facility will bring
together work in fourareas: (1) systems analysis and advanced concepts; (2) arms control and
verification technology; (3) intelligence; and (4) threats and countermeasures. The new facil -
ity will substantially improve Sandia’s ability to respond creatively and effectively in these areas.

Combustion Research Facility, Phase II (California)— This facility will provide resources
to adequately deal with the critical combustion research needs of the 1990s. Tt will emphasize
centralized, next-generation laser diagnostic facilities and specially designed laboratorics,
including a high-repetition-rate laser system. Phase 11 will also provide additional offices
required to support visiting researchers and staft.

Proposed Construction

As part of the last Capital Assets Management Program (CAMP) report cycle, all proposed line-item
projects were re-evaluated for sponsorship and validity in light of evolving DOE missions, The
process caused a number of projects to be deleted. Since the FY 1995 CAMP reportand the 1993
Site Development Plan were published, other changes have occurred which are noted in the following
updated list of proposed construction projects.

Site Conversion (New Mexico, California) — This two-phased project is intended to accelerate
the plan for transforming Sandia’s New Mexico and California sites into more open, research
park environments to better support new DOE missions in technology transfer and industrial
competitiveness. The resulting site features will achieve greater flexibility and create an open
and accessible research park image while maintaining appropriate assets-protection and admin-
istrative controls. The project includes various infrastructure improvements, communications
upgrades, and the construction of a business outreach/visitor’s center at each site.

Processing and Environmental Technologies Laboratory (PETL) (New Mexico)— This
construction item is part of the Nuclear Weapons Rescarch, Development, and Testing Facilities
Revitalization project. The goal of the PETL is to maintain and enhance Sandia’s capability to
provide high-quality engineering research and development to support the nuclear weapons
program while satisfying new requirements for environment, safety, and health and reconfig-
uration of the nuclear weapons complex. Work in the facility will develop, characterize, and
apply modern processes to ensure the safety of personnel and preserve the environment. This
research will provide direct support to the DOE Complex 21 reconfiguration program.

Jupiter X-Ray Simulation Facility (New Mexico)— Jupiter will be a cold and warm x-ray
facility which will permit testing of materials and components that currently can only be tested in
underground tests. It will produce x-ray energies from 1-20 thousand electron-volts over much
larger exposure arcas than are now possible with aboveground simulators. This capability will
provide excellent simulation fidelity for radiation effects testing, weapon physics research, and
x-ray physics testing with 5-20 megajoules of thermal x-rays. A fast-track schedule is being
pursued to support operational goals for this project. Facility costs will be shared with the
Defense Nuclear Agency.

Program Support Center (New Mexico)— This facility will centralize external interface
activities for the New Mexico site. It will serve as an information center and a central check-in
point for persons requiring access to the site. It will also serve as an initial meeting place for visitors
and their hosts, provide conference rooms for unclassified activities, and furnish temporary,
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private work space and communications for visitors. Work arcas will be provided for several
public interface and laboratory support organizations such as Public Aftairs, Technology
Transter, Educational Outreach, Purchasing, Benefits, Personnel, Medical, and Safety.

Storm and Sanitary Waste Systems Modernization (New Mexico)— This project will
rehabilitate storm drains and sanitary sewers, construct storm water monitoring stations to
check for contamination before discharge, and eliminate remaining septic systems.

Infrastructure Modernization (California)— This modernization project is a multiphase
effort to renew site systems, modify and add to infrastructure facilities, and upgrade structures
to meet current and anticipated regulations.

Water Systems Modernization (New Mexico, California, Tonopah) — T'his project will
rehabilitate water systems at the three principal Sandia sites.

Transportation Systems Modernization (New Mexico)— This project will upgrade and
replace roads, parking lots, and pedestrian circulation facilities.

Laboratory for Industrial and National Security Applications of Computing and
Computer-Aided Engineering (LISAC) (New Mexico) — Formerly called the Computing/
CAE Laboratory, LISAC will support Sandia’s thrusts in defense and industrial applications of
high-performance computing and communications and computer aided engineering (CAE).
It will be a hybrid open/secure facility for both national security and dual-use programs.

Aerodynamics Laboratory Building (New Mexico)— This building will correct the limiting,
crowded conditions that exist in the present facility and will provide adequate space for a more
desirable configuration of wind tunnel and parachute laboratory operations.

Warehouse Complex (New Mexico)— The warchouse complex will provide approximately
120,000 gross square feet for storage of classified and unclassified materials and property. It
will also include four igloos of approximately 2,000 square feet each for rocket motors and
Class-B explosives.

Consolidated Waste Management Complex (CWMC) (New Mexico)— The CWMC will
support all waste management activitics at the New Mexico location, including radioactive
and mixed waste, waste oil, explosive waste, and supporting facilities. Currently the complex
is scoped as a major systems acquisition project, but it is being re-evaluated for possibly being
divided into multiple other-line-item projects. Though itis expected that the project may slip,
the implications of re-scoping and the effects on the funding profile are not yet determined.

Geosciences Research Laboratory (New Mexico)— The Geosciences Research Laboratory
will provide a unique center for use by Sandia and the scientific community to study active
processes in the earth’s crust. This facility will allow Sandia to meet both its research and Drilling
Research Office responsibilities in the Continental Scientific Drilling Program. The laboratory
will also perform work in fossil and geothermal energy research as well as waste disposal and scis-
mic verification programs. The proposed facility will accommodate mechanical and geophysical
testing of large samples, as well as development and testing of advanced instrumentation systems.
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Resource Projections

This section presents a five-year budget projection for Sandia National Laboratories. Budget
authority dollars are in millions; personnel are in annual average full-time equivalents (FT'Es).

Amounts for operating, capital equipment, and general plant project (GPP) funds in fiscal years
1992-1995 are expressed in the dollars of their respective years. For FY (fiscal year) 1996 and
beyond, opcrating, capital equipment, and GPP estimates are in FY 1995 dollars. Estimates for
major construction projects are expressed in dollars of the year of commencement of each project.

Figures shown for fiscal years 1993 through 1995 are based on our FY 1995 Annual Budget
Submission. Amounts for fiscal years 1993, 1994, and 1995 conform to targets provided by DOE.
Because there is great difficulty in the current environment in estimating requirements for later
years, program projections for the fiscal years 1996-1999 are shown at the FY 1995 target level.
We will manage our resources and programs to live within the constraints of actual funding levels
as they become known.

Our strategy during the uncertain times ahead will be a conservative one. We will conserve
resources by encouraging outsourcing and entering into cost-sharing partnership arrangements
with other public and private entitics. We anticipate a continued substantial level of cooperative
research and development agreements (CRADAs) with industry; however, CRADA efforts cannot
be anticipated and budgeted in the same manner as other work. We will manage the flow of work
into the laboratory to maintain a reasonable backlog that can ameliorate the impact of a sudden shift
in funding levels. Stafting will be controlled within a range appropriate for anticipated conditions.

Resource Projections
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Work for Others

Total Operating
(apital Equipment
General Plant Projects
Major Construction

Total Funding

Proposed Construction

Laboratories Funding Summary
(Fiscal Year Budget Autharity in Millions)

FY92  FY93 FY94  FY9S  EY96

958.0  932.8 1027.% 10341 10336
3521 3782 3475 3568 356.8

13107 1311.0 13746 1390.9 13904
740 494 644 977 939
1n3 8.6 8.9 8.6 8.6
405 407 673 653 288

14359 1409.7 15152 1562.5 15217

24 327 666

£yo7

1033.6
356.8

1390.4
84.7
126

4.1

1491.8

69.9

£Y98

1033.6
356.8

1390.4
9.4
8.6
1490.4

89.8

£Y99

1033.6
356.8

1390.4
97.5
86
1496.5

63.0
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Personnel Summary by Major Sponsor
(Full-Time Equivalents)

FY92  FY93  FY94  FY9S FY96  EY97  FY98  FY99
Programs for the Departme: ! of Energy
Weapons and Waste Clec.up Programs
Defense Programs 2255 2204 1882 1822 1820 1820 1820 1820
Intelligence and
National Security 256 302 320 300 300 300 300 300
Environmental Restoration and
Waste Management 237 298 335 35 35 350 350 350
New Production Reactors 2
Energy Programs
Energy Efficiency and
Renewable Energy 14 140 157 194 195 195 195 195
Civilian Radioactive
Waste Management 62 52 76 89 89 89 89 89
Fossil Energy 44 39 50 4 x| 43 43 3]
Nuclear Energy " 15 13 16 16 16 16 16
Science and Technology Programs
Energy Research 107 105 137 136 136 136 136 136
Science Education and
Technical Information 1 1 4 5 5 5 5 5
Other DOE Work 1m0 10 12 w7 L1 YA | VA A VA 1 V)
Total DOE Programs 3245 3266 3086 3072 3071 3071 3071 307

Programs Other than for DOE
Department of Defense 798 751 760 755 755 755 755 755
Nuclear Regulatory Commission 52 54 4 4 44 44 44 44
Department of Transportation 19 18 20 20 20 20 20 20
National Aeronautics and

Space Administration 10 14 10 1C " 10 10 10
Department of State 3 1 2 2 2 2 2
Environmental Protection Agency 1 1 2 5 , 5 5 5
Other Federal Agencies 63 69 85 96 97 97 97 97
All Others 34 54 70 79 19 79 9 79

Total Work for Others 980 962 990 10M1 1012 1012 1012 1012
Total Direct Programs 4225 4228 4076 4083 4083 4083 4083 4083
Laboratory-Directed R&D 149 205 240 270 270 270 270 270
Direct Support* 1098 1877 1914 1877 1877 1877 1877 1877
Indirect 3000 2187 2220 2220 2220 2220 2220 2220
Total Laboratories 8472 8497 8450 8450 8450 8450 8450 8450

*Some indirect activities were reclassified as direct support in FY 1993
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Funding by Assistant Secretarial Office
{Fiscal Year Budget Authority in Millions)

£Y92 FY93 FY94  FY95S  FY%6

Weapons and Waste Cleanup Programs
Total, Assistant Se. .tary For Defense Programs

Operating 6518 5910 6174 6161 6156
(apital Equipment 617 393 448 750 741
General Plant Projects 8.6 73 4.0 8.0 8.0
Major Construction 255 307 588 563 198
Total Cost 747.6 6683 7250 7554 7175
Total, Office of Intelligence and National Security
Operating 66.5 798 1001 945 945
Capital Equipment 29 3.2 6.6 73 44
Major Construction 150 100 8.5
Total Cost 844 930 1152 101.8 989
Total, Office of Environmental Restoration and Waste Management
Operating 87.9 1266 1383 1444 1444
(apital Equipment 45 33 47 55 55
General Plant Projects 26 11 43
Total Cost 95.0 131.0 1473 1499 1499
Total, Office of New Production Reactors
Operating 71
(apital Equipment 13
Total Cost 8.4
Energy Programs
Total, Assistant Secretary for Energy Efficiency and Renewable Energy
Operating 492 460 579 609 609
Capital Equipment 0.8 1.0 2.5 2.7 2.7
Total Cost 500 470 604 636 63.6
Total, Civilian Radioactive Waste Management
Operating 166 156 252 254 254
(apital Equipment 0.2 0.3 0.4 0.4
Total Cost 168 156 255 258 258
Total, Assistant Secretary for Fossil Energy
Operating 9.7 88 121 8.5 8.5
Capital Equipment 04 05 0.5
Total Cost 9.7 8.8 125 9.0 9.0

Total, Assistant Secretary for Nuclear Energy
Operating 58 2.0 6.4 13 73

615.6
66.3
12.0

4.1

698.0

94.5
3.0
97.5
144.4
55

149.9

60.9
27
63.6

25.4
0.4
25.8

3.5
0.5
9.0

73

s
O
co

615.6
734

697.0
94.5
26
971
144.4

55

149.9

60.9
2.7
63.6
254
258
8.5

0.5
9.0

73

-
—<
D
O

|

615.6
79.6

703.2
94.5
25
97.0
144.4

55

149.9

60.9
2.7
63.6

254
04
258

8.5
0.5
9.0

73

Resource Projections
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Funding by Assistant Secretarial Office (Continued)
(Fiscal Year Budget Authority in Millions)

Y92 FY93  FY94  FY9S  FY96  FY97  EY98  FY99

Science and Technology Programs
Total, Office of Energy Research

Operating 288 287 215 332 332 332 332 33.2
(apital Equipment 2.6 26 48 61 6.1 6.1 6.1 6.1
General Plant Projects 0.1 0.2 0.6 0.6 0.6 0.6 0.6 0.6
Major Construction 9.0 9.0
Total Cost 315 315 329 489 489 399 399 399
Total, Office of Science Education and Technical Information
Operating 10 30 2.1 2.0 20 20 20 20
Capital Equipment 03 0.2 0.2 0.2 0.2 0.2
Total Cost 1.0 3.0 24 22 22 22 22 22
Work for Other DOE Locations, Contractors, and Offices
Total, Office of Economic Impact and Diversity
Operating 05 05 07 06 06 06 06 06
Total, All Other
Operating 333 308 394 412 412 412 42 41.2
Total DOE Programs
Operating 958.0 9328 1027.1 10341 1033.6 1033.6 10336 1033.6
(apital Equipment 740 494 644 977 939 847 914 975
General Plant Projects 13 8.6 8.9 8.6 86 126 8.6 8.6
Major Construction 405 407 673 653 288 4.1
Total Cost 1083.8 1031.5 1167.7 12057 11649 11350 1133.6 1139.7
Proposed Construction 24 177 466 359 488 630
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Assistant Secretary for Defense Programs
Deputy Assistant Secretary for Military Application
Resources by Major Program
(Fiscal Year Budget Authority in Millions)
£Y92 BY93  RY94  EY95  FY% EY97  FY98  EY99
GB0103 Research and Development
Operating 4019 3390 3096 279.7 2797 27197 2797 279.7
Capital Equipment 355 349 235 395 433 324 393 430
General Plant Projects 6.8 7.0 3.0 70 mo o 70 7.0
Major Construction 255 194 26 320 131 41
Total Cost 469.7 4003 3587 3582 3431 3272 3260 3297
Direct Personnel 1413 1274 910 800 800 800 80 800
GB0104 Testing
Operating 490 372 439 436 436 436 436 436
Capital Equipment 6.1 5.4 5.0 2.5 25 25 25 2.5
Total Cost 551 426 489 461  46.1 461 461 46
Direct Personnel 181 153 135 125 125 125 125 125
GBO106 Technology Transfer Initiative
Operating 194 502 76.6 1008 100.8 1008 100.8 1008
(apital Equipment 8.0 80 80 80 80
Total Cost 194 502 789 1088 1088 108.8 1088 108.8
Direct Personnel 30 108 200 250 250 250 250 250
GBO02 Inertial Confinement Fusion
Operating 314 300 219 219 279 279 279 279
Capital Equipment 3.0 16 0.7 0.7 0.7 0.7 0.7 0.7
Total Cost 344 316 286 286 286 286 286 286
Direct Personnel 82 74 65 65 65 65 65 65
GB03 Stockpile Support
Operating 1420 1220 1490 160.0 1600 160.0 160.0 160.0
(apital Equipment 71 29 132 42 195 26 28 253
General Plant Projects 18 0.3 1.0 1.0 1.0 1.0 1.0 1.0
Major Construction 2.3 04
Total Cost 1609 1227 1636 1852 1805 1836 1838 1863
Direct Personnel 529 562 540 570 570 570 570 570
GBO5 Program Direction
Operating 73 12 9.8 3.6 3.6 36 3.6 3.6
(apita! Equipment 0.3 0.1 0.1 6.1 0.1 0.1 0.1
Major Construction 80 358 243 6.7
Total Cost 73 195 457 280 104 37 37 37
Direct Personnel 17 30 30 10 10 10 10 10
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Assistant Secretary for Defense Programs (Continued)
Resources by Major Program

(Fiscal Year Budget Authority in Millions)

FY92  FY93  FY94  FY9S FY96  EY97  FY98  FY99
GB Weapon Activities
Operating 6510 5896 6168 6156 6156 6156 6156 6156
(apital Equipment 617 393 448 750 741 663 734 796
General Plant Projects 8.6 7.3 4.0 8.0 80 120 8.0 8.0
Major Construction 255 307 588 563 19.8 41
Total Cost 7468 6669 7244 7549 7175 6980 6970 7032
Direct Personnel 2252 2201 1880 1820 1820 1820 1820 1820
GE Materials Production —Reactor Operations
Operating 08 14 0.6 0.5
Direct Personnel 3 3 2 2
Total, Assistant Secretary for Defense Programs
Operating 6518 591.0 6174 6161 6156 6156 6156 6156
(apital Equipment 61.7 393 448 750 741 663 734 796
General Plant Projects 8.6 7.3 40 8.0 80 120 8.0 8.0
Major Construction 255 307 588 563 198 41
Total Cost 7476 6683 7250 7554 7175 6980 697.0 7032
Direct Personnel 2255 2204 1882 1822 1820 1820 1820 1820
Proposed Construction 24 177 430 306 288 457
lstitutional Plan Y 1u94 100y



Resource Projections

Office of Intelligence and National Security
Resources by Major Program
(Fiscal Year Budget Authority in Millions)

Fyo2 FY93 FY94 HY95  FY96

GC Verification and Control Technology; and
GJ  Export Control, Nonproliferation, and International

Operating 514 676 873 825 825
(apital Equipment 18 23 5.6 6.3 34
Major Construction 150 100 8.5
Total Cost 682 799 1014 888 859
Direct Personnel 19 246 265 255 255
GD Nuclear Safeguards & Security
Operating 11.6 9.1 94 8.6 8.6
Capital Equipiuent 11 09 1.0 1.0 1.0
Total Cost 12.7 10.0 10.4 9.6 9.6
Direct Personnel 57 44 40 35 35
NT intelligence
Operating 35 31 34 3.4 34
Direct Personnel 8 12 15 10 10
Total, Office of Intelligence and National Security
QOperating 665 798 10001 945 945
Capital Equipment 29 32 6.6 7.3 44
Major Construgtion 150 100 8.5
Total Cost 844 930 1152 1018 989
Direct Personnel 256 302 320 300 300

T
O
<

82.5
20

845

8.6
1.0
9.6

35

34

10

94.5

3.0

97.5

300

8.6
1.0
9.6

35

34

94.5
2.6

97.1

300

8.6
1.0
9.6

35

34

10

945

2.5

97.0

300
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Office of Environmental Restoration and Waste Management
Resources by Major Program
(Fiscal Year Budget Authority in Millions)

FY92  FY93  FY94  FY9S FY96  FY97  FY9B  FY99

EW Environmental Restoration and Waste Management

Operating 87.9 1266 1383 1444 1444 1444 1444 1444
Capital Equipment 45 33 47 55 55 55 55 5.5
General Plant Projects 2.6 11 43

Total Cost 950 131.0 1473 1499 1499 1499 1499 1499
Direct Personnel 237 298 335 35 350 350 350 350
Proposed Construction 3.6 3.7 8.0 83

Office of New Production Reactors
Resources by Major Program
(Fiscal Year Budget Authority in Millions)

FY92  FY93 FY94 FY9S FY9%6 EY97  FY98  EY99

NP New Production Reactors

Operating 7.1

(apital Equipment 13
Total Cost 8.4

Direct Personnel 21

12-10
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Resources by Major Program
(Fiscal Year Budget Authority in Millions)

Assistant Secretary for Energy Efficiency and Renewable Energy

FY92  FY93 FY94 Y95  EY9%6  FY97  EY98  FY99
AK  Electric Energy Systems
Operating 13 1.5 25 35 35 35 35 35
Capital Equipment 0.1 0.1 0.2 0.2 02 02 0.2
Total Cost 14 1.5 26 37 37 3.7 37 3.7
Direct Personnel 5 5 8 12 12 12 12 12
AL Energy Storage Systems
Operating 3.0 37 50 6.5 6.5 65 65 6.5
Capital Equipment 0.2 0.3 0.2 0.2 0.2 02 02 0.2
Total Cost 3.2 4.0 52 6.7 6.7 6.7 6.7 6.7
Direct Personnel 5 6 8 9 9 9 9 9
AM Geothermal Systems
Operating 50 7.1 15 74 74 74 74 74
(apital Equipment 0.2 03
Total Cost 5.2 74 15 74 74 74 74 1.4
Direct Personnel 16 18 20 22 2 22 22 22
EB  Solar Energy
Operating 300 265 313 312 312 312 312 N2
Capital Equipment 0.2 0.2 1.0 14 1.4 14 14 14
Total Cost 302 267 23 326 326 326 326 326
Direct Personnel 85 81 88 97 98 98 98 98
ED Industrial Sector
Operating 19 4.8 83 9.8 9.8 98 98 9.8
Capital Equipment 0.1 0.2 0.9 0.6 0.6 06 086 0.6
Total Cost 8.0 5.0 92 104 104 104 104 104
Direct Personnel 24 25 26 48 48 48 48 48
EE Transportation Sector
Operating 17 24 33 25 25 25 25 25
Capital Equipment 0.3 0.3 0.3 03 03 0.3
Total Cost 17 2.4 36 28 28 28 28 28
Direct Personnel 6 5 7 6 6 6 6 6

Resource Projection:
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Assistant Secretary for Energy Efficiency and Renewable Energy (continued)
Resources by Major Program
(Fiscal Year Budget Authority in Millions)

FY92  FY93 EY94  EY9S  FY96  FY97  EY98  EYY9
EC Buildings Sector; and
EF State and Local Programs
Operating 0.3
Total, Assistant Secretary for Energy Efficiency and Renewable Energy
Operating 492 460 579 609 609 609 609 609
(apital Equipment 0.8 1.0 25 2.7 2.7 2.7 2.7 2.7
Total Cost 500 470 604 636 636 636 636 636
Direct Personnel 141 140 157 194 195 195 195 195
Office of Civilian Radioactive Waste Management
Resources by Major Program
(Fiscal Year Budget Authority in Millions)
Y92 .93 P94  FY95S  EY9%6  EY97  EY98  FY99
DB Nuclear Waste Fund
Operating 166 156 252 254 254 254 254 254
(apital Equipment 0.2 0.3 0.4 0.4 0.4 0.4 0.4
Total Cost 168 156 255 258 258 258 258 258
Direct Personnel 62 52 76 89 89 89 89 89
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AA Coal
Operating
(apital Equipment
Total Cost
Direct Personnel

AB Gas
Operating

Direct Personnel

AC Petroleum
Operating

Direct Personnel

SA  Strategic Petroleum Reserve
Operating

Direct Personnel

Assistant Secretary for Fossil Energy
Resources by Major Program
(Fiscal Year Budget Authority in Millions)

FYo2  FY93  FY94  EY9S  FY96

45 35 4.1 2.5 2.5
04 0.5 0.5
4.5 35 4.5 3.0 3.0

16 14 18 14 14

0.4 0.6 13 1.0 10

2 2 2 2 2

29 26 42 2.5 25

15 10 18 15 15

19 2. 25 25 25

n 13 12 12 12

Total, Assistant Secretary for Fossil Energy

Operating
(apital Equipment
Total Cost

Dir -t Personnel

9.7 88 121 8.5 8.5
0.4 0.5 0.5
9.7 88 125 9.0 9.0

44 39 50 43 43

Y97

25
0.5
30

14

1.0

25

15

2.5
12
8.5
0.5
9.0

43

Fyo8

25
05
3.0

14

1.0

2.5

15

25
12
8.5
0.5
9.0

43

Y99

0.5
3.0

14

1.0

2.5

15

2.5
12
8.5
0.5
9.0

43

Resource Projections
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Capital Equipment

Direct Personnel

(D Uranium Enrichment

Direct Personnel

Capital Equipment

Direct Personnel

Assistant Secretary for Nuclear Energy
Resources by Major Program
{Fiscal Year Budget Authority in Millions)

-
(=]

FY92 FY93 EY94 Y95 FY9%6  FY97  FY98  FY99

AF Nudlear Energy Research and Development

5.2 1.2 6.4 73 73 73 7.3 73
0.1 0.1 0.1 0.1 0.1
52 1.2 6.4 7.4 74 74 74 7.4

10 " 13 16 16 16 16 16

Total, Assistant Secretary for Nuclear Energy

58 2.0 6.4 73 13 73 73 13
0.1 0.1 0.1 0.1 0.1
58 20 6.4 7.4 74 74 74 74

n 15 13 16 16 16 16 16

Institutional Plan FY 1994
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AT Magnetic Fusion
QOperating
(apital Equipment
Total Cost

Direct Personnel

KC Basic Energy Sciences
Operating
Capital Equipment
General Plant Projects
Major Construction
Total Cost

Direct Personnel

Operating
Direct Personnel

KS Superconducting Super Collider
Operating

Direct Personnel

Total, Office of Energy Research
Operating
(apital Equipment
General Plant Projects
Major Construction
Total Cost

Direct Personnel

Proposed Construction

Office of Energy Research
Resources by Major Program
(Fiscal Year Budget Authority in Millions)

224
23
0.1

24.8

84

KP Biological and Environmental Research

0.8

1

288
2.6
0.1

315

107

FY93

6.5
0.7
7.2
25
218
19
0.2
239

76

0.4

28.7
26
0.2

315

105

211

0.6

25.6

103

0.1

0.1

215
48
0.6

329

137

26.0
5.2
0.6
9.0

40.8

104

0.3

0.1

332
6.1
0.6
9.0

489

136

26.0
5.2
0.6
9.0

40.8

104

0.3

0.1

33.2
6.1
0.6
9.0

489

136

26.0
5.2
0.6

318

104

0.3

33.2
6.1
0.6

39.9

136

26.0

0.6

318

104

0.3

0.1

33.2
6.1
0.6

39.9

136

12.0

26.0

0.6

318

104

03

0.1

332
6.1
0.6

39.9

136

9.0

Resource Projections
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Office of Science Education and Technical Information
Resources by Major Program
{Fiscal Year Budget Authority in Millions)
FY92  FY93  FY94  FY9S Y96  FY97  FY98  FY99
KV University and Science Education
Operating 1.0 3.0 2.1 2.0 20 2.0 20 20
Capital Equipment 03 02 0.2 0.2 0.2 0.2
Total Cost 1.0 3.0 24 22 2.2 2.2 2.2 2.2
Direct Personnel 1 1 4 5 5 5 5 5
Work for Other DOE Locations, Contractors, and Offices
(Fiscal Year Budget Authority in Millions)
EY92 P93 FY94  FY9S  FY96  EY97  EY98  FY99
Office of Economic Impact and Diversity
WA50 Minority Economic Impact Program
Operating 0.5 0.7 0.7 0.6 0.6 0.6 0.6 0.6
Direct Personnel 1 1 2 2 2 2 2
All Other
Operating 331 308 394 412 412 412 42 412
Direct Personnel 110 110 M2 w7 117 n 17
Total, Other DOE Locations, Contractors, and Offices
Operating 336 315 401 418 418 4018 4018 418
Direct Personnel m 10 13 119 119 19 119 19
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Work Other than for Department of Energy
Resources by Major Reimbursable Sponsor
(Fiscal Year Budget Authority in Millions)

FY92 Y93 Y94  FY95  FY9%6

Department of Defense

Operating 2912 2950 2750 260.0  260.0

Direct Personnel 798 751 760 755 755
Nuclear Requlatory Commission

Operating 138 145 132 143 143

Direct Personnel 52 54 41 44 44
Department of Transportation

Operating 33 55 7.0 75 7.5

Direct Personnel 19 18 20 20 20
National Aeronautics and Space Administration

Operating 3.2 42 30 3. 31

Direct Personnel 10 14 10 10 10
Department of State

Operating 0.5 0.5 0.3 1.0 10

Direct Personnel 3 1 2 2 2
Environmental Protection Agency

Operating 0.2 0.6 0.7 1.5 1.5

Direct Personnel 1 1 2 5 5
Other Federal Agenc’

QOperating 263 513 189 346 346

Direct Personnel 63 69 85 %6 97
Ali Other

Operating 13.6 66 294 348 348

Direct Personnel 34 54 70 79 79
Total Work Other than for DOE

Operating 3521 3782 3475 3568 3568

Direct Personnel 980 962 990 1011 1012

Proposed Construction 150  20.0

-
\O
~

260.0

755

143

44

7.5

20

31

10

34.6

97

348

79

356.8

1012

34.0

260.0

755

143

44

75

20

31

10

10

15

34.6

97

348

79

356.8

1012

41.0

260.0

755

143

44

1.5

20

31

1.0

1.5

34.6

97

348

79

356.8

1012
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Subcontracting and Procurement
(Budget obligation dollars in millions)

Supplier type:
Commercial business
Government transfers
Educational/nonprofit/GSA/
state, local, and other governments

Total activity

o1 R92 Fv93
$490 $596

62 57

36 49

$588 $702 $848

Small and Disadvantaged Business Procurement
{Budget obligation dollars in millions; percent of total commercial procurement)

FY91
Small §287 56%
Disadvantaged 51 10%
Woman-owned 49 10%

Y92 £Y93
§321 54% $427  59%
61 10% 79 1%
49 8% 58 8%

nstitutional Plan FY 1994
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A Note on Acronyms
In an effort to make this document easy to read, acronyms are generally avoided. When unfamiliar acronyms must be used, they are explained in the proximate
text. Acronyms that occur freely in popular or news publications—acronyms such as DOE, DoD, EPA, and NASA —occur in the document without explanation.

This report was prepared as an account of work sponsored by an agency of the United States Government, Neither
the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer,
or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government, any agency thereof. The views and opinions expressed herein do not necessarily state or reflect
those of the United States Government or any agency thereof.

This work performed at Sandia National Laboratories under contract to the US Department of Energy.
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