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PREFACE

The Institute for Defense Analyses was tasked by the Defense Advanced Research
Projects Agency (DARPA) to assess the agency’s role in effecting fundamental change in
defense capabilities for the advantage of US military forces, focusing on what has been
termed the post-Cold War “Revolution in Military Affairs” (RMA). The Overall
Assessment from this task was documented in Transformation and Transition: DARPA’s
Role in Fostering An Emerging Revolution in Military Affairs, Volume 1, dated April
2003.1 The overall assessment was derived from a set of detailed case studies of DARPA
program areas that were identified as being major factors in the RMA. Volume II
documents the individual case studies of the technology areas that were the basis of the

overall assessment.

The authors wish to thank John Jennings, the DARPA task manager for this
project, for his detailed review and comments on all of the chapters in this volume. His
review led to greatly improved clarity on our part in both depicting the flow of technology
development and the roles of various organizations and individuals in this flow. He also
provided a superb sounding board for the observations and conclusions we draw as to the
factors that either fostered or impeded the movement of these technologies into military

application.

For each chapter the individual authors interviewed numerous participants in the
development and the management of specific technologies and their applications.
Throughout these chapters we cite interviews from many of these individuals who were
most forthcoming and generous with their time. Some of these individuals provided
insights and details about several technology thrusts and applications in which they were
directly involved in overseeing—especially former Secretary of Defense and former
Under Secretary of Defense for Research and Engineering William Perry; former Under
Secretary for Research and Engineering Malcolm Currie and former DARPA Directors
Steven Lukasik, George Heilmeier, Robert Fossum and Larry Lynn. In addition there
were many DARPA office and program managers, former military service technology

managers—both civilian and military officers—and a number of technologists, strategic

1 Richard H. Van Atta and Michael J. Lippitz with Jasper C. Lupo, Robert B. Mahoney and Jack Nunn,
Transformation and Transition:. DARPA’s Role in Fostering An Emerging Revolution in Military
Affairs, Volume I—Overall Assessment, Alexandria, Virginia: Institute for Defense Analyses, IDA
Paper P-3698, April 2003.
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thinkers, military service users, and defense industry managers who provided valuable
perspectives regarding specific technologies, programs, and applications. The authors
wish to thank all of these contributors for the invaluable data and the candid observations

they provided.

We recognize that it is difficult to adequately represent the views—and indeed at
times differing perspectives—even in these more detailed cases studies. Moreover, we
are aware that there are many other contributions made by individuals and organizations
to the various technology developments covered in these chapters that we did not include.
Retrospectives such as those contained in this volume always will be selective and only
partial representations of reality. We endeavored to capture these developments in as an
objective and accurate manner as possible within constraints of time and space available
in such a document. Any errors in representation of history are solely those of the authors

and not the contributors, reviewers, or current DARPA management.
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INTRODUCTION AND SUMMARY

OVERVIEW OF DARPA AND THE RMA

DARPA’s primary mission is to foster advanced technologies and systems that
create “revolutionary” advantages for the US military. Consistent with this mission,
DARPA is independent from the Military Services and pursues generally higher-risk,
higher-payoff research and development (R&D) projects. DARPA program managers are
encouraged to challenge existing approaches to warfighting and to seek results rather than
just explore ideas. Hence, in addition to supporting technology and component
development, on occasion DARPA funds the integration of large-scale “systems of
systems” in order to demonstrate “disruptive capabilities.” Disruptive capabilities are
more than just new technologies; they are transformations in operations and strategy

enabled by synergistic combinations of technologies.

The combination of stealth, standoff precision strike, and advanced intelligence,
surveillance and reconnaissance (ISR) demonstrated in Operation Desert Storm is an
example of disruptive capabilities. It allowed the US to change the rules of conventional
warfare in a manner that many consider to be the forefront of a broad “Revolution in
Military Affairs” (RMA) in which the ability to exercise military control is shifting from
forces with the best or the most individual weapons systems toward forces with better

information and greater ability to quickly plan, coordinate, and accurately attack.

This report provides detailed individual discussions of DARPA-sponsored
developments of disruptive technologies and capabilities in the areas of stealth, standoff
precision strike, and advanced ISR and hence to an emerging RMA. It is a complement
to the previously published Transformation and Transition: DARPA’s Role in Fostering
An Emerging Revolution in Military Affairs, Volume I, which gave an overall assessment
of these developments and highlighted and discussed management practices that

facilitated the development and exploitation of these disruptive capabilities.
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Volume II provides chapters covering these technology thrusts as listed below:
Chapter L. Stealth Combat Aircraft
Chapter II. ~ Developing the Navy’s 21st Century Ships

Chapter III. ~ The Development and Deployment of Precision Guided Munitions
(PGMs) for Standoft Attack

Chapter IV.  Assault Breaker

Chapter V. = DARPA’s Role in the Development of Precision Weapons in the
Post-Cold War Era

Chapter VI.  Unmanned Aerial Vehicles

Chapter VII. Discoverer II

The individual chapters generally cover first Stealth (Chapter I), Standoff
Precision strike (Chapters III-V), and ISR (Chapters VI and VII). Chapter I on Navy
ships begins with a focus on stealth (the Sea Shadow), but then changes in focus to
standoff strike, as the application focus became one of providing a naval capability for
littoral strike (Arsenal Ship). The substantive shift in this chapter represents in the small
a characteristic of the set of technology developments reviewed in this study: They were
an interlinked set of technology developments that provided much larger “system of
systems” capabilities. Stealth enabled the use of other technologies for strike. ISR
provided by sensor developments as well as alternative platforms for their use—
unmanned aerial vehicles and satellites—enabled standoff precision strike. Moreover,
these technologies have been shown to be highly fungible across missions and
applications. The initial focus for these developments was the Cold War and the specific
threat of the Soviet Union and Warsaw Pact. The technologies and the integrated
capabilities built upon them have become key elements of the post-Cold War military
capabilities that address fundamentally different threats. The evolution of these
technologies, as depicted in these chapters, captures some of the perturbations caused by
this shift in the global arena and their effects on developing and implementing technology

solutions to national security problems.
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IMPLEMENTING DISRUPTIVE CAPABILITIES

As discussed in Volume I, DARPA played a formative role in central technologies
of the Offset Strategy—stealth; standoff precision strike; and advanced intelligence,
surveillance, and reconnaissance (ISR)—not only by supporting the development of
technologies but also by following through to turn technologies into military capabilities.

The individual chapters provide further detail on these developments.

Stealth Combat Aircraft (Chapter I)

Based on a concept from the Office of the Director of Defense Research and
Engineering, DARPA solicited ideas from industry and funded studies on the possibility
of building stealth combat aircraft. The stealth concept—essentially eliminating the
electronic observable characteristics of military systems—had been employed in
classified reconnaissance aircraft but not in weapons platforms. Lockheed and Northrop
presented credible breakthrough concepts. Given the magnitude of the proposed
advances, DARPA decided that a full-scale flight demonstration would be needed to
make the results convincing. Under pressure, the Air Force agreed to co-fund the
demonstration program—HAVE BLUE—provided that subsequent acquisition funding
would not come out of higher priority Air Force programs. (At the time, the Air Force
saw limited value in a stealthy combat aircraft, given its inherent limitations in speed and
maneuverability and the fact that it would only fly at night.)

Lockheed was selected to build two HAVE BLUE prototype aircraft to test out
stealth concepts, while meeting limited but realistic operational requirements. Successful
flights of the HAVE BLUE planes persuaded Under Secretary of Defense William J.
Perry to initiate a stealth aircraft acquisition program, Senior Trend, which became the
F-117A. In order to obtain the largest possible technical lead, the development program
was conducted in high secrecy, and the program was designed to deliver the first
operating aircraft in only 4 years, forgoing the normal development and prototyping
stages. Dr. Perry closely monitored the program through a special executive review
panel, which he chaired. Classified subcommittees of the House and Senate Armed
Services Committees were established, as well as an umbrella program office that
included stealth programs for ships, satellites, helicopters, tanks, reconnaissance aircraft,
cruise missiles, unmanned aerial vehicles, strategic bombers, and stealth

countermeasures.
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The Air Force made provisions to deploy an operational wing of F-117As,
undertook an extensive testing program, and developed new operational practices to take
advantage of its special capabilities. In 1991, F-117A stealth aircraft helped the US
achieve early air superiority in Operation Desert Storm in the face of the same type of
Soviet integrated anti-aircraft systems that had caused so much trouble for US-made
tactical aircraft in Vietnam and the 1973 Yom Kippur War. It was exactly the type of
“secret weapon” capability DARPA and top OSD leadership had envisioned.

Naval Stealth and Standoff Precision Strike (Chapter II)

Starting in the 1970s, DARPA and the Navy undertook a series of surface ship
programs—Sea Shadow, Arsenal Ship, and DD-21—aimed at revolutionary naval combat
capabilities. But without a strong impetus for change, consistent high-level imprimatur, a
focused mission (distinct from existing ships), and an independent development
organization, the Navy has neither fully developed nor acquired the envisioned disruptive

capabilities.

The Sea Shadow began in 1978 as a highly classified program in the Lockheed
Skunk Works, leveraging stealth developments for the F-117A. Under contract to
DARPA, the Lockheed team developed a scale model of a stealth surface ship. Under
Secretary Perry was impressed enough by initial data from this model that he ordered the
Navy to fund R&D for a full-size stealth ship even though the Navy’s leadership was not
interested in it, due to its cost and the challenge it posed to existing ships. (Perry
addressed Navy budget concerns by keeping funding stable for other Navy ship
programs.) Under a new DARPA contract, the Sea Shadow was built and tested for
2 years, yielding excellent results. However, Navy leadership terminated further
investment in Sea Shadow when they interpreted a reduction in funding for the DDG-51

Destroyer by the next administration as a move to redirect funds to pay for Sea Shadow.

To support the Navy’s post-Cold War concepts for projecting naval power ashore,
Admiral Mike Boorda (Chief of Naval Operations) and John Douglass (Assistant
Secretary of the Navy for Research, Development and Acquisition) strongly supported the
concept of a sea-based precision strike platform. But they were skeptical about the
Navy’s ability internally to embrace such a disruptive concept—it threatened the role of
carrier-based naval aviation in many early shore engagements—and turned to DARPA to
help develop what became known as the Arsenal Ship. DARPA Director Larry Lynn
approved DARPA taking on the program, although he was concerned with the Navy’s
poor record in implementing DARPA-developed technology.
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DARPA had already developed many of the necessary Arsenal Ship technologies
during the Sea Shadow Program. To deliver munitions early in an engagement, Arsenal
Ship would have to be forward-deployed and under the control of the theater commander.
It would require secure communications, reliable data linkages, and a remote targeting
and launch system. It would also need to have a low radar signature and be survivable.
Acquisition goals included a life-cycle cost less than one-half of a traditional surface ship,
suggesting that the ship would have to be highly automated so that it could be operated by
a very small crew (though small crews tend to reduce survivability by making damage

control—e.g., fighting fires—more difficult).

DARPA specified a relatively small number of broad performance characteristics
and assigned full design responsibility to competing contractor teams. The government
program office was kept small, and the contractor was free to apply modern, efficient,
management practices. A top-level DARPA and Navy Executive Committee reviewed
the program at major decision milestones, evaluated program costs, and provided
redirection as necessary. But with the untimely death of Admiral Boorda, the Arsenal
Ship lost a strong advocate. Soon thereafter, the Navy changed the nature of the program,
redefining it as a demonstrator for risk reduction. Congress then reduced its funding, and

the Secretary of the Navy canceled the program.

The Navy has continued to consider but not implement radical new ship designs
aimed at enabling disruptive capabilities. After canceling the Arsenal Ship, the Navy
initiated the DD-21 Program, promoted as the first of a family of surface combatant ships
to replace the fleet designed for sea control in the Cold War environment. DD-21 was to
be armed with land attack weapons like Arsenal Ship and survivability features from
Sea Shadow, and it was to be highly automated. But in November 2001, the Navy shifted
again, issuing a revised Request for Proposal (RFP) for the Future Surface Combatant
Program, with DD-21 renamed DD(X) with many of the features explored earlier in the
DD-21 program. On April 29, 2002, Northrop Grumman Ship Systems was selected as
the lead design agent for DD(X).

Standoff Precision Strike (Chapters I1I-V)

In the 1970s, DARPA-sponsored concept development studies defined
alternatives for defeating massed Soviet armor using precision guided conventional
weapons rather than nuclear weapons. By combining several ideas from different
sources, DARPA’s Robert Moore, at that time Deputy Director of DARPA’s Tactical
Technology Office (TTO), conceived the Integrated Target Acquisition and Strike System
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(ITASS) concept for attacking armor deep in enemy territory using airborne
reconnaissance to guide long-range missiles carrying terminally guided submunitions.
The Defense Science Board reviewed an array of technologies, concluded that they could
be integrated, and recommended a demonstration. The DARPA Assault Breaker
Program, which embodied the ITASS concept, supported contractors in bringing various
component technologies up to the necessary performance levels, tested different
contractor approaches in parallel, and attempted gradually more complex integrations. In
the end, a standoff precision strike capability was demonstrated in December 1982 at the
White Sands Missile Test Range. A missile guided by airborne radar dispensed
five submunitions above five target tanks scattered in a field. Using terminal guidance,

the submunitions homed in on the targets and made five direct hits.

Despite the technical success of Assault Breaker, implementation as an integrated,
joint capability proved to be circuitous and incomplete. The Air Force focused on
delivering munitions from manned aircraft, while the Army focused on ground systems
and helicopters. However, joint programs created in 1983 in response to congressional
pressure led to several system developments based on Assault Breaker. The Joint
Surveillance Target Attack Radar System (JSTARS) flight test aircraft and the Joint
Tactical Missile System (JTACMS, which became Army Tactical Missile System,
ATACMS) were employed successfully in Desert Storm. Terminally-guided precision
munitions are beginning to be deployed today, but not as part of the type of integrated

reconnaissance/strike capability envisioned by Assault Breaker.

After Assault Breaker, DARPA turned its attention to the mission of attacking
mobile, elusive targets, such as Soviet mobile missiles. The DARPA Smart Weapons
Program sought to develop weapons that could search large areas and precisely deliver
munitions on targets. In Desert Storm, Iraqi Scud missiles could not be found and
destroyed with manned aircraft in spite of a massive sortie rate. To address the problem,
an accelerated Smart Weapons spin-off program (Thirsty Warrior) was initiated to
integrate Smart Weapons capabilities into a cruise missile. However, the impetus for
deployment waned rapidly after the war, and “smart weapons —precision guided
weapons capable of both searching for and attacking mobile and elusive targets—remain

an unfilled prospect.

Intelligence, Surveillance and Reconnaissance (ISR)

Early ISR systems were largely “national assets” controlled by intelligence

organizations. The National Reconnaissance Office (NRO) was established in 1960 to
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centralize operations and reinforce high-level civilian control. The capabilities of
national ISR assets have improved dramatically over the years, but their separation from
operating forces; their centralized, hierarchical operating procedures; and classification
issues have made it difficult for them to provide timely information to tactical
commanders. The information requirements of precision weapons have also increased
the demands on ISR systems. Unmanned aerial vehicles (UAVs) and small satellites are

two examples of ways that DARPA attempted to address these issues.

Unmanned Aerial Vehicles (Chapter VI)

Experimental DARPA remotely piloted vehicles (RPVs, a type of UAV) were
used during the Vietnam War for training and for tactical reconnaissance missions deep
behind enemy lines. In 1971, DARPA initiated the Mini-RPV Program to address
problems associated with reliability, communications, control, sensors, and operations.
Two RPVs resulted from this effort: Praeire and Calere. In 1977, DARPA Director
George Heilmeier reported to Congress that DARPA had developed RPVs sufficiently for
transition to the Services for acquisition and deployment, and hence the Mini-RPV

program was ended.

The path to deployment of RPVs and UAVs by the Services would prove long and
difficult. US forces were substantially reduced following US military involvement in
Vietnam. This included the elimination of Air Force UAV organizations in 1976. Air
Force interest in unmanned platforms shifted to cruise missiles. The Air Force built but
never adopted Compass Arrow and Compass Cope UAVs. DARPA and the Navy
supported Boeing’s Condor but failed to gain support for production. The Army’s Aquila
Program emerged from the initial DARPA-Army collaboration on Praeire. However,
mission requirements imposed by the Army were not controlled, due in part to disputes
over which branch of the Army would ultimately own the capability. As a result, the cost
of the Aquila program increased almost tenfold, and the Army abandoned the program in
1987. DARPA funded the Amber system, a long endurance UAV with sophisticated
sensors, with the Navy joining in after a successful demonstration. In the midst of the
Amber program, Congress transferred all UAV research, development, test, and
evaluation from the Services and DARPA to a new joint program office. Through the
joint program office, both the Army and the Navy shifted their priorities to short-range
UAVs that fit their existing operational concepts. The resultant UAVs—Hunter and
Outrider—did not involve DARPA. Funding for Amber was cut, and then the program

was terminated (though its technology would live on and was later incorporated in the
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Gnat 750 and the Predator which received continued funding through another agency).
Subsequently, Hunter suffered three test flight crashes, leading to cancellation of that
program. The Outrider became bogged down with proliferating requirements from the
Army and the Navy, resulting in an expensive system that did not do any particular

mission well.

In the US military, the first successful UAV acquisition and deployment occurred
when Secretary of the Navy John Lehman directed the acquisition of UAV systems. Two
Pioneer systems—an Israeli system based on DARPA’s Praeire—were procured in
December 1985 for an accelerated testing program and subsequently deployed. Based on
the Navy’s success, the Army fielded Pioneer. In 1991, Pioneers flew nearly

300 reconnaissance sorties at the beginning of Operation Desert Storm.

Operation Desert Storm highlighted serious deficiencies in airborne ISR,
particularly for wide-area coverage. Three endurance UAV concepts were proposed as
solutions. The Gnat 750, a version of Amber that was already flying, became known as
Tier I. Tier II would be an improved version of Amber which became the Predator UAV;
Tier III would be a classified, stealthy, long-range UAV requiring significant technology
developments. Concerned about the affordability of the Tier III proposal, DoD leadership
launched an internal review headed by Deputy Under Secretary Larry Lynn. The 3-month
study, which covered all wide-area ISR including satellite and airborne, concluded that
(1) there needed to be central leadership in UAVs; (2) Tier II should be accelerated; and
(3) Tier III should be terminated and replaced by “Tier II+”"—a large UAV with a unit
cost of $10 million. Lynn did not believe that the Services could maintain the
$10 million cost focus of Tier II+ and persuaded DARPA Director Gary Denman to have
DARPA manage the program. In the meantime, Lockheed submitted an unsolicited
proposal for development of Dark Star, which became known as “Tier III-”, a stealthy
UAV for the penetrating reconnaissance role, but with the same $10 million cost
objective. OSD decided to proceed with Tier II, Tier II+ and Tier llI-programs, with
funding coming primarily from the newly created Defense Airborne Reconnaissance
Office (DARO), the realization of Lynn’s first recommendation.

The Tier II, known as Predator, and Tier II+, Global Hawk, became fielded
systems. The Tier IlII- Dark Star was canceled due to flight test failures and budget
overruns. The Predator (Tier II) was delivered for user experimentation in just 6 months
using the then experimental Advanced Concept Technology Demonstration (ACTD)
method, which allowed a streamlined management and oversight process, early
participation of the user community, and a tight schedule. For Global Hawk (Tier II+),
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DARPA pioneered several new acquisition methods that allowed traditional rules and
regulations to be waived in favor of greater contractor design responsibility and
management authority. Predator was successfully employed in Bosnia (just a year after
its first flight), Kosovo, and the no-fly zone in Iraq. Both Predator and Global Hawk
were used in Afghanistan—including the use of Predator as a weapons platform firing
Hellfire missiles—despite the fact that they were still prototypes provided to regional

combatant commanders on an experimental basis.

Discoverer II: Space-Based Radar Lightsat (Chapter VII)

A 1997 DARPA-sponsored study proposed developing an experimental small
light satellite (lightsat) space-based radar, founded on DARPA technologies, which
would be capable of ground moving target indication and synthetic aperture radar
imaging. Named Discoverer II, the system was intended to demonstrate the following
capabilities:

e Deep, broad-area, near continuous, near real-time, tracking of ground

mobile forces

e High resolution target classification with three-dimensional position
information to support precision targeting

e Direct tasking by and data downlink to joint task force commanders

Due to perceived overlap with NRO missions, a joint DARPA-Air Force-NRO
program office was established to develop Discoverer II. In parallel, the Army was to
provide an interface for ground force commanders. However, because of its high cost
(about a billion dollars), Congress viewed Discoverer II as an acquisition program, not a
demonstration, and demanded the formal documentation typically required for a major
new start. Ultimately, Discoverer II was canceled, although the capabilities envisioned
for it remain DoD priorities.
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I. STEALTH COMBAT AIRCRAFT

Michael J. Lippitz and Richard H. Van Atta

Superiority in conventional aviation had been one of the United States’ primary
conventional force advantages since 1944. During the Vietnam War, it became apparent
that Soviet integrated air defense systems (IADS) challenged this superiority. While it
was possible to counter Soviet IADS using jamming, defense suppression, and other
active means, this required a very high level of effort. A case in point is the 1972 raid in
which F-4 Phantoms firing laser guided bombs destroyed the Paul Doumer Bridge.
Payloads during the primary raid were carried by 16 F-4s. They were accompanied by
8 F-4s that dropped chaff, 4 EB-66 electronic countermeasures aircraft, and 15 F-105G
Wild Weasel aircraft to attack the radars that guided surface-to-air missiles. More aircraft

were deployed to protect the primary mission than accomplished the attack.!

The 1973 Middle East War provided an additional demonstration of the potential
lethality of modern TADS. Israel lost more than 100 combat aircraft—a significant
fraction of its front line posture—in only 18 days. Egyptian air defenses were not
neutralized until late in the war, and then only by Israeli ground forces.2 Israel’s
American-made aircraft were among the most advanced and capable in the US fleet, with
capable pilots. If the NATO air forces were to suffer the same loss ratios against the
Warsaw Pact, they would be destroyed in weeks.3 Various concept development studies
of Central European battlefield scenarios also predicted that NATO forces would be
defeated, in part because of the effectiveness of the Soviet/Warsaw Pact IADS.4

In 1974, Chuck Myers, director of Air Warfare Programs in the Office of the
Director of Defense Research and Engineering (DDR&E), mentioned to Robert Moore,
Deputy Director of DARPA’s Tactical Technology Office (TTO), an idea he called the
“Harvey concept,” named after the invisible rabbit in a popular play and movie. The
concept was to create a manned tactical combat aircraft with greatly reduced radar,

infrared, acoustic, and visual signatures. A primary objective was to use only passive

' George and Meredith Friedman, The Future of War. Power, Technology and American World
Dominance in the Twenty-First Century, New York: St. Martin’s Griffin, 1996, p. 239.

2 David C. Aronstein and Albert C. Piccirillo, Have Blue and the F-117A: Evolution of the Stealth
Fighter, Reston, VA: American Institute of Aeronautics and Astronautics, Inc., 1997, p. 11.

3 Ben Rich and Leo Janos, Skunk Works, Boston: Little, Brown and Company, 1994, p. 17.

4 Aronstein and Piccirillo, p. 14. See also Volume I of this report, Section IIA.
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measures (coatings and shaping) rather than depending on support aircraft carrying
jammers.5 By making it difficult for an enemy to find and attack such a plane, new types
of deep air attacks would be possible, replacing the “air armada” tactics that had become

the norm in Air Force and Navy aviation.

The Harvey idea was not entirely new, as low observable characteristics and
radar-absorbing materials had been employed in classified reconnaissance aircraft (both
manned and unmanned) during the 1960s. However, previous efforts addressed stealth as
an afterthought and incorporated stealth features to the extent that aerodynamic
performance was not significantly affected.® Furthermore, there were no serious efforts
to employ such capabilities for a weapons platform, though a 1971 Air Force study had
recommended undertaking prototyping experiments in order to prove out various
laboratory concepts.” Myers wanted to fund aircraft companies to propose conceptual
designs. Coincidentally, shortly after the Myers-Moore meeting, DDR&E Malcolm
Currie sent out a memo stating that he was not satisfied with the innovation he saw
coming out of DoD research, and he invited organizations to propose radical new ideas.
For DARPA’s TTO organization, Moore nominated the “Harvey” idea, renaming it “High
Stealth Aircraft.”8

Around the same time, Ken Perko came to DARPA from the Air Force Systems
Command at Wright-Patterson Air Force Base. TTO director Kent Kresa had recruited
him to build up a tactical air division within TTO.? In the Air Force, Perko had worked
on DARPA-sponsored “low-observable” research for drones and remotely piloted
vehicles. Moore asked Perko to talk to leading aircraft designers at defense contractors to
determine their interest in investigating stealth aircraft. He ultimately funded small
preliminary studies at Grumman, McDonnell-Douglas, and Northrop. Three formal study
contracts followed, awarded to McDonnell-Douglas, Northrop, and Hughes (for its radar

expertise). While these studies were underway, Lockheed’s Russ Daniels learned of the

5 Interview with Robert Moore, July 30, 2001. See also Richard H. Van Atta, Sidney Reed, and
Seymour J. Deitchman, DARPA Technical Accomplishments, Volume II: An Historical Review of
Selected DARPA Projects (IDA Paper P-2429), Alexandria, VA: Institute for Defense Analyses, April
1991, p. 10-4.

6 Aronstein and Piccirillo, p. 10.
7 Ibid., p. 11.

The term “stealth” was borrowed from anti-submarine warfare, in which the problem was to prevent
submarine detection. The eventual plane built under this program was much larger than had been
envisioned by Myers in Project Harvey.

Aronstein and Piccirillo, p. 13.



project during a visit with Myers. Lockheed had not been invited to participate initially
because it was not considered active in tactical aircraft. Furthermore, Lockheed’s work
for the CIA on low observables during the 1960s for the SR-71 Blackbird was a closely
held secret. Once Lockheed obtained permission from the CIA to share its radar cross
section (RCS) results from that program, Ed Martin, director of Lockheed science and
engineering, contacted DARPA and requested permission to participate in the first phase
concept development. Lockheed’s proposal could not be funded because it arrived after
the contract competition.  Lockheed requested permission to proceed without
compensation (and hence without having to share the rights to its technology). After

much deliberation, DARPA Director Heilmeier granted this request.10

The initial study objectives were to identify precisely the signature levels that
would permit a tactical aircraft to avoid detection (with emphasis on radar detection) and
to define a technical approach for achieving such levels of reduction in RCS and other
signatures. Perko’s old Air Force organization, the Remotely Piloted Vehicle System
Program Office, managed the contracting and provided technical assistance. McDonnell
Douglas was the first to identify what appeared to be appropriate RCS thresholds.
Hughes Aircraft confirmed these. DARPA defined these thresholds as program goals.

It was clear that Lockheed and Northrop were far ahead of the others in terms of
stealth aircraft design. Northrop had a more comprehensive RCS prediction capability
than Lockheed, but, at the time, both capabilities were based on heuristics and empirical
testing. However, in 1975, a Lockheed engineer named Denys Overholser came across a
1966 technical paper, “Method of Edge Waves in the Physical Theory of Diffraction,” by
Pyotr Ufimtsev, the Chief Scientist at the Moscow Institute for Radio Engineering, which
had just recently been translated by the Air Force Foreign Technology Division. The
paper showed how to predict radar cross sections for certain geometries. Using these
formulae, Overholser realized that it would be possible to develop computer software that
could predict the RCS of entire aircraft, as long as the aircraft were composed of these
distinct geometric shapes. Working on a tight schedule, ECHO I, Lockheed’s first
computational model for RCS prediction, was completed in less than 6 weeks. Over the
course of the stealth program, this code was refined, to include incorporation of other

findings from Soviet open literature. RCS models validated the code’s predictions.!!

10 Ibid., pp. 14-15, Rich and Janos, pp. 23-25, and interviews with Robert Moore, July 30, 2001, and
George Heilmeier July 13, 2001. Lockheed aggressively sought to be included, lobbying several high-
level OSD and Air Force officials to be brought into the project. (Rich and Janos, p. 63.)

11" Rich and Janos, pp. 19-27.
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Hence, Lockheed possessed not only models that predicted RCS, but also a quantitative
tool for designing aircraft with low RCS.12

In the summer of 1975, Perko; Robert Moore, who had become Director of TTO;
and DARPA Director Heilmeier met to develop a strategy for bringing these technical
advances to fruition in a real weapons system. Given the magnitude of the anticipated
advances, they decided that a full-scale flight demonstration would be needed to make the
results convincing. (The 1971 Air Force prototyping study cited earlier had come to the
same conclusion, but not with the same ambitious goal.)!3 Heilmeier insisted that the
program could not go forward without Air Force backing. Air Force support was highly
uncertain, as the Air Force saw limited value in a stealthy strike aircraft, given the severe
operational limitations that would be required to achieve a very low radar cross section.
The proposed stealth aircraft would be relatively slow and unmaneuverable, giving it
limited air-to-air combat ability, and it would have to fly at night—a far cry from the
traditional Air Force strike fighter. There were also competing R&D priorities, most

notably the Advanced Combat Fighter program (which eventually became the F-16).14

As part of his effort to obtain OSD support for Stealth, Moore went to
General John Toomey in Director Defense on Research and Engineering (DDR&E)
Organization, who had strong credentials in radar technology. DDR&E Currie was
briefed on the concept and supported it.!5 Thanks to Currie’s earlier efforts to build
relationships with the Service leadership, he was able to discuss the problem directly with
General David Jones, the Air Force Chief of Staff, and General Alton Slay, the Air Force
R&D Director. Although the Air Force remained skeptical as to a stealth strike fighter’s
value, Currie and Jones brokered a deal to obtain active Air Force support for the
DARPA stealth program—provided that funding for the stealth development would not

come out of existing Air Force programs, especially the F-16.16

12 Aronstein and Picacirillo, p. 19.

13 Ibid., p. 11.

14 Moore believes that DARPA should have been prepared to proceed without Air Force agreement:

“I knew the Air Force would have to come on board if we were able to fly by a radar undetected.”
(Interview with Robert Moore, July 30, 2001).

Working around the bureaucracy, Moore went back to Myers at DDR&E and suggested that he ask
DDR&E Currie to request a briefing on the stealth work. Currie requested the briefing and was very
excited about the idea, urging Heilmeier to proceed. (Interview with Robert Moore, 7/30/01.)

16 Interview with Malcolm Currie, June 11, 2001.
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Both Lockheed and Northrop presented concepts that were predicted to meet or
exceed the signature goals. Both were awarded Phase 1 contracts for 4-month projects
that would conclude with model tests and selection of one firm for a Phase 2 award.
Early in Phase 1, the program was classified “Top Secret.”17 At the conclusion of Phase
1, both contractors had achieved objectives. Dr. William Perry, who had taken over for
Currie, asked the Air Force Tactical Air Command for input. Gen. Bob Dixon and
Gen. Larry Welch, based on their experience with the Skunk Works on high-risk, high-
classification projects, gave positive feedback. Lockheed won the sole Phase 2 award,
and the Tactical Air Command became the key logistical and operations point of contact
for the Air Force side of the program.!® However, DARPA wanted to preserve the
expertise that Northrop had developed. It encouraged Northrop to maintain its team,
which shortly thereafter engaged in DARPA-sponsored design studies for the Battlefield
Surveillance Aircraft, Experimental (BSAX) program. These studies led to the TACIT
BLUE program, which, in turn, provided data and technology for the B-2 stealth bomber

program,!® as well as advanced cruise missiles.

The Phase 2 program—HAVE BLUE—began in 1976. HAVE BLUE was a
proof-of-concept aircraft designed to test out Lockheed’s concepts for “very low-
observable” capabilities while meeting a set of realistic operational requirements.
Phase 2 was conducted as a classified, Special Access Program managed by a special
office within Air Force Systems Command and utilizing special oversight procedures for
congressional review. Nonetheless, Lockheed’s Skunk Works managed the program in
an environment open to experimentation and flexible problem solving, with a high degree
of communication among scientists, developers, managers, and users. OSD leadership
kept the program focused and moving forward—Phase 2 was deliberately limited to
demonstrating that the RCS objectives could be achieved—in the face of many
fundamental uncertainties.29 Two HAVE BLUE demonstrators were contracted. They
were kept as small and simple as possible to minimize cost. There was no mission
equipment, the cockpit was unpressurized, and the aircraft had no air-to-air refueling
capability. Only the second aircraft had radar absorbing material (RAM) coatings.
HAVE BLUE was approximately one-quarter scale to the eventual F-117A: 38 feet long,

17" Gen. Jasper Welch had initially suggested this approach during previous conversations with Moore.
(Interview with Robert Moore, 7/30/01.)

18 Rich and Janos, pp. 41-42.
19 Aronstein and Piccirillo, p. 33.
20 1bid., pp. 60 and 137.
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22.5-foot wingspan, 12,500-pound maximum take off weight, 2,850-pound thrust in each
of two engines, compared with the F-117A at 66 feet long, 43-foot wingspan,
52,500 pound, and 10,800 pounds of thrust per engine.

The first flight test was 20 months following contract award. Subsequent test
flights clearly demonstrated that such planes could attain the very low RCS and perform
within the posited specifications. While both aircraft were lost in crashes during the
demonstration program—when HAVE BLUE 2 was lost, only two or three planned
sorties remained to be flown—they had succeeded in the proof-of-concept of a stealthy
aircraft. Concurrent with demonstration that an extremely low RCS was achievable, the
Air Force Systems Command conducted studies and demonstrations of the additional
technologies that would be needed for such an aircraft to be a mission-capable system.
(A 1977-1979 demonstration of a passive infrared fire control system was particularly

critical.)

Based on these results, and guided by the high priority of countering Soviet
numerical superiority with US technology, as outlined in the Offset Strategy, USD(R&E)
Perry sought an accelerated development of a real weapons system. Studies were
conducted of alternative concepts for employing a full-scale version of such an aircraft—
as a fighter, a bomber, or a surveillance-reconnaissance system. While there were
advocates for all these alternatives, its employment as a penetration-fighter was selected
as the first development effort. Secretary of Defense Brown agreed to make the
development of stealth aircraft “technology limited” as opposed to funding limited. The
DARPA stealth program was immediately transitioned to a Service acquisition program
(SENIOR TREND) with an aggressive initial operating capability (IOC) of only
4 years—forgoing the normal development and prototyping stage. To obtain the required
support from the Air Force, Perry, like Currie before him, worked closely with General
David Jones, the Air Force chief of staff, and General Alton Slay, the Air Force R&D
Director. The objective was to build and deploy a wing of stealth tactical fighter-bombers
(75 planes) as rapidly as possible.2! Furthermore, in order to obtain the largest possible
technical lead, it was deemed necessary to hide the SENIOR TREND acquisition as a
highly secret “black” program, similar to HAVE BLUE.22

21 Interview with William Perry, June 6, 2001.

22 This created a complication because the existence of a stealth research program was already in the
open. So it was continued as is, with the actual development of a weapon system kept hidden.
HAVE BLUE was a black program. (Interview with William Perry, June 6, 2001.)
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Perry established efficient and effective stealth program management processes.
Changes in mission and redirection of funding are the common issues in the traditional
development process, in which a program must regularly defend its budget against other
programs and respond to the preferences of members of Congress. These forces were
blunted by Perry’s hands-on management efforts and the fact that this was a “black”
program. Perry chaired special executive review panels, which met every 2 months. He
retained decision authority—there was no voting. The Air Force PM was instructed to
highlight problems with bureaucratic delays and with technology, which Perry would
address personally. (After a few such interventions, there were far fewer bureaucratic
obstructions.) Perry created a special umbrella program office that included stealth
programs for ships, satellites, helicopters, tanks, reconnaissance aircraft, advanced cruise
missiles, Unmanned Aerial Vehicles (UAVs), and strategic bombers, as well as stealth
countermeasures.23 This created a mechanism through which different stealth programs
at different stages could experiment with different approaches and learn from each other,
as well as maintaining support for the underlying technology base.2* Because the
program was highly classified, special subcommittees of the House and Senate Armed
Services Committees were established. = Congressional support was secured and
maintained through honest communication of both successes and problems. This built
trust with the committees, which was indispensable. The counterstealth programs
maintained under the umbrella stealth program helped to ensure that the high level of

classification did not result in lack of independent review and criticism.

The Air Force supported Lockheed’s development of the aircraft, made provisions
for an operational wing to be deployed, undertook an extensive testing program, and
developed new operational practices to take advantage of the F-117A’s special
capabilities. Despite a variety of problems discovered during operational testing—such
risks, arising from concurrent development due to the accelerated schedule, were
understood and accepted and hence did not disrupt the program—the first F-117A was
delivered in 1981, and 59 were deployed by 1990.25 In 1991, the F-117A helped the US

achieve early air superiority in Operation Desert Storm in the face of the same type of

23 Colonel Paul Kaminski eventually became the head of this program office, which helped ensure
continuity of development efforts beyond the F-117A. DARPA’s TACIT BLUE program for a stealthy
reconnaissance aircraft led to the B-2 Stealth Bomber. The Sea Shadow tested stealth concepts on a
surface ship for the US Navy (see Chapter II of this volume).

24 Aronstein and Piccirillo, pp. 175-176.
25 Ibid., pp. 108 and 127.
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Soviet anti-aircraft systems that had caused so much trouble for US-made tactical aircraft

in Vietnam and the Yom Kippur War.

In championing stealth, DARPA harnessed industry and Service lab ideas to
pursue a radical new warfighting capability. The notion of low-observable systems had
been raised before but had not been pursued in a concerted manner because the Services
had little interest in such a radical, non-traditional concept. With high-level support from
civilian leadership in different administrations, DARPA overcame that resistance, set out
priorities, and obtained funding for the considerable engineering work to develop a proof-
of-concept demonstration system. This demonstration enabled top civilian and Service
leadership to proceed with confidence. OSD and Service leadership, once persuaded,
rose to the challenge, and provided funding and support to implement a full-scale
weapons program with limited, achievable objectives. “Despite unforeseen and serious
challenges a small team was able to develop a radically new and important weapon
system in record time, safely, and without compromising the initial objective.”2¢ The
F-117A was developed and fielded under the highest levels of secrecy, leading to a
“secret weapon” capability for several years and giving the US more than a decade
advantage over any adversary—exactly what DARPA and top DoD leadership had

envisioned.

Indeed, an F-117A was not lost to anti-aircraft fire in combat until March 27,
2001, during Operation Allied Force in Kosovo, 10 years after Desert Storm. The loss is
significant. Combined with advancing anti-stealth technology, it portends the end of the
unfettered advantage conferred by the F-117A. For instance, after the F-117A was shot
down in Kosovo and a second was damaged, Navy EA-6B Prowlers jamming aircraft
accompanied all F-117A and B-2 aircraft.2’ Also, rather than confront NATO airpower
directly, Serb forces undertook strategies to disrupt operations. They used their weapons
sparingly and only when they had a reasonable chance of success, which was enough to
keep NATO aircraft above 15,000 feet, where they were ineffective against the targets

associated with the ongoing ground operations in Kosovo.28 On the technology side, a

26 LTC R. Mosely, “Senior Trend Test Program from Concept to Initial Operational Capability: Planned
vs. Actual,” briefing dated December 20, 1983, with cover memo from Colonel Michael E. Sexton to
Colonel Paul G. Kaminski dated December 21, 1983, as quoted in Aronstein and Piccirillo, p. 111.

27 Scott Truver, “Today Tomorrow and After Next,” published at <http://www.navyleague.org/
seapower/today_tomorrow_and_after next.htm>.

28 Earl H. Tilford, Jr., “Operation Allied Force and the Role of Air Power,” Parameters, Winter 1999—
2000, pp. 24-38.
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recent report on Chinese military modernization noted efforts to build ultrawideband and
bistatic/multistatic radars and to fuse data from networks of sensors in order to reduce the
value of stealth aircraft.2? Samples of the radar-absorbing material from the downed
F-117A likely found their way to Russian anti-aircraft design houses. In general, “history

tells us that defeated armies learn the lessons of technology better than the victors.”39

Looking forward, the US military continues to require revolutionary concepts to
address the changing threat environment. “The F-117A development is not a pattern for
every program but rather a useful example of how a unique technological opportunity can
be quickly and effectively exploited to provide a valuable military capability at relatively
moderate cost.”31 But the key is to have underlying understanding of strategic challenges
so that the potential of new technologies can be recognized and developed into disruptive
military capabilities. The task for the US today may be to look beyond the emerging

RMA and move in entirely new directions, fostering the next RMA.

29 Mark A. Stokes, China’s Strategic Modernization: Implications for the United States, Strategic
Studies Institute, US Army War College, September 1999.

30 Neil G. Kacena, Stealth: An Example of Technology’s Role in the American Way of War, Air War
College, Air University, April 14, 1995, p. 86.

31" Aronstein and Piccirillo, p. 194.
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II. DEVELOPING THE NAVY’S 21ST CENTURY SHIPS: DARPA’S
ROLE IN FACILITATING NAVAL INNOVATION

Jack Nunn and Alethia Cook

BACKGROUND
With the end of the Cold War the US Navy faced profound changes in the nature

of the military threat, in the future peacetime and military operations it might undertake,
and ultimately in the naval force structure that would need to be maintained. A 1992
Navy study entitled ... From the Sea: Preparing the Naval Service for the 21st Century
concluded that the new situation was “a marked change from the scope of global conflict
envisioned under the Maritime Strategy during the Cold War—a strategy which required
independent, ‘blue water, open ocean’ naval operations on the flanks of the Soviet Union.
By restricting enemy access to the open sea, thereby protecting vital sea lines of
communication, our naval forces were to provide important but indirect support to the
land campaign.”! In contrast, the post-Cold War world presented sharply different

circumstances:

Today, the absence of a global naval threat has virtually eliminated the
need to conduct separate, independent naval operations far at sea. [The]
operational focus has shifted to littoral warfare and direct support of
ground operations. By exploiting their access to littoral regions, naval
forces enable the introduction of heavier follow-on forces from other
services.

Littoral warfare in direct support of ground fighting brings naval forces squarely
into the joint warfighting arena. From the Sea clearly states that Joint Operations—or

“Jointness”—is an essential element of every military operation:

Naval Operations in littoral regions transform the classic Air-Land battle
into a Sea-Air-Land-Space battle.  This confluence of complex
environmental and warfighting challenges demands specialized warfare
skills, available only through a completely integrated joint force.2

' US Department of the Navy, ...From the Sea: Preparing the Naval Service for the 21st Century
(Washington DC: Pentagon) September 1992. From the Sea was a White Paper signed jointly by the
Secretary of the Navy, the Chief of Naval Operations, and the Commandant of the Marine Corps and
widely quoted in subsequent discussions of Navy strategy.

2 Ibid.
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The Sea-Air-Land-Space battle concept represented a doctrine distinct from that
employed for the Navy’s Cold War missions. From the Sea emphasized more versatility
in sea operations combined with the ability to project maritime power ashore, returning to
an expeditionary role for both the Navy and Marine Corps. In addition to this change in
strategic threat, it also acknowledged significant changes in the technology that might be
exploited to meet future threats. The combination of new technologies and new
operational concepts for exploiting them represent the Navy’s role in the emerging
Revolution in Military Affairs (RMA).

From the Sea postulated four key operational capabilities necessary to achieve the
Navy’s national security mission in this new era: command, control, and surveillance;
battlespace dominance; power projection; and force sustainment.3 Attaining these
operational capabilities required the exploitation of the new technological developments

through sophisticated systems integration:

...surveillance efforts will continue to emphasize exploitation of space and
electronic warfare systems to provide commanders with immediate
information, while denying and/or managing the data available to our
enemies. Integrated information and netted sensors will allow [the Navy]
to use surveillance data from all sources—national and combined—and to
target and strike from a variety of land, sea, and air platforms.

...Battlespace dominance means that we can maintain access from the sea
to permit the effective entry of equipment and resupply...Naval Forces
must also have the capability to deny access to a regional adversary,
interdict the adversary’s movement of supplies by sea, and control the
local sea and air...

Power projection from the sea means bombs, missiles, shells, bullets, and
bayonets. When Marines go ashore, naval aviation aboard aircraft carriers
and—if required—Iland based expeditionary aircraft will provide them
sustained, high-volume tactical air support ashore to extend the landward
reach of our littoral operations...4

3 Ibid.
4 Ibid.

II-2



DARPA’S ROLE

The Defense Advanced Research Projects Agency (DARPA) was involved in
several efforts since the 1970s to better understand the interrelationship between
technology and future operational capability, including new surface ship concepts.
Elements within the Navy had been considering fundamental changes to ships for several
years, but there was strong resistance to change. Even incremental introduction of new
technology into the surface Navy has been difficult. Contractors have long complained
that “nothing can be used on a new Navy ship that has not been certified, and nothing can
be certified until it has been used on a Navy ship.”> DARPA, as an outside organization,
played an important role in testing new ideas and ultimately helped to incorporate new
technologies into surface vessels.

Starting in the late 1970s, the Navy undertook several major surface ship
developments that involved DARPA, or DARPA-developed technology, new operating
concepts and new acquisition methods designed to encourage commercial firms to
participate and stimulate innovation. These development efforts—in areas such as
stealth, automation, and target acquisition and attack technologies—have been
incorporated into today’s Navy’s Surface Combatant for the 21st Century (SC 21)
development effort,® but no ship embodying the full range of these technologies and
concepts has actually been deployed. The initial efforts to develop new capabilities were
insufficiently funded and terminated short of full deployment. Sea Shadow, the first ship
development effort in this series, was deactivated after initial testing but has since been
used from time to time as a technology demonstrator. The Arsenal Ship was terminated
by the Navy prior to any serious demonstration effort. Technologies and concepts
developed for Sea Shadow and Arsenal Ship were transferred to the DD-21, the third
effort. The DD-21, now termed DD(X), is currently under consideration for development
and deployment. (See Table II-1.)

Based on authors’ interviews with Navy pump and small motors suppliers during research on the
defense technology and industrial base in 1993.

6 The Joint Requirements Oversight Council approved the Twenty-First Century Surface Combatant
(SC21) Mission Need Statement (MNS) in September 1994. The MNS’s required capabilities
included: Power Projection; Battlespace Dominance; Command, Control and Surveillance; Joint Force
Sustainment; Non-combat Operations; and Survivability / Mobility. The Defense Acquisition Board
(DAB) gave approval to Milestone 0 for SC 21 Acquisition Phase 0 (Concept Exploration and
Definition) in January 1995. SC 21 was to include a family of new ships. The first was the DD-21, a
destroyer with both land attack and maritime dominance capabilities. The Navy planned to acquire
32 DD-21s, <http://www.fas.org/man/dod-101/sys/ship/dd-21.htm>.
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Table 1I-1. Comparison of Surface Ship Concepts

Characteristic Sea Shadow Arsenal Ship
Power Plant Diesel electric Electric or auxiliary Integrated power
power system
Available Design SWATH (Small Water | Low radar signature Low radar and
Details Plane Area Twin Hull) | (stealthy); double hull; | acoustical signatures,
Length, 164 feet; size between highly survivable,
Beam, 68 feet; Draft, 500-800 feet; Crew, improved targeting,
14.5 feet; 0-50; highly delivers high rate of
Displacement, automated; may be fire up to 100 miles
560 tons; CreW, 10 remote controlled inland; CreW, 95-150
Purpose Technology Platform for 500-cell Land attack support
demonstration Vertical Launch for ground forces
platform System
Status Reactivated in 1999 as | Terminated Under development
a DD-21 technology
test platform
Start Date Early-1980s 1995 Contract award for
the first ship FY 2005,
delivery anticipated
2010
Terminal Date Placed in dry dock in Funding terminated in | NA
1994, reactivated 1999 | FY 1998 budget

Sources:

Sea Shadow, US Navy, “Fact File,” Downloaded from <http://www.chinfo.navy.mil/navpalib/factfile/ships/
ship-sea.html> on 10/1/01.

The Center for Defense Information, “Arsenal Ship,” Downloaded from <http://www.cdi.org/issues/naval/
arsenal.html>.

Sea Shadow

Sea Shadow focused on evaluating stealth technology on surface vessels. It also
served as a platform for the integration and evaluation of other new technologies,
including ship control systems, structures, automation for reduced manning, sea keeping,
and signature control.” The focus on stealth technology made Sea Shadow a highly
classified program managed by DARPA, the Navy, and Lockheed Martin Missiles and
Space Company.

7 Sea Shadow, US Navy, “Fact File,” <http://www.chinfo.navy.mil/navpalib/factfile/ships/ship-
sea.html>.
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Development Chronology

The idea for a stealthy naval surface vessel occurred to Ben Rich in 1978, when he
was Director of the Lockheed Skunk Works. The project photographer working on the
model for the first stealth aircraft complained about defects in a recently purchased

Polaroid camera. Rich wrote that the photographer told him:

I’ve been taking instant view shorts of the stealth model, and I’'m getting
very fuzzy pictures. I think I’ve got a defective lens,” he remarked. I
[Rich] slapped my head, knowing we had accidentally stumbled onto an
exciting development. “Time out! There isn’t a damn thing wrong with
your new camera,” I insisted. “Polaroid uses a sound echo device like
sonar to focus, and you are getting fuzzy pictures because our stealthy
coatings and shaping on that model are interfering with the sound echo.8

The Skunk Works immediately began investigating stealthy submarines
undetectable to sonar. They purchased a small model submarine, put faceted fairings on
it, and tested it in a sonic chamber. These changes reduced the sonar return from the
model sub by three orders of magnitude, a result that Rich termed “as rare an occurrence
as an astronomer discovering a new constellation.” 9 Lockheed designed a stealthy sub
with the traditional cigar-shaped hull “shielded by an outer wall of flat, angular surfaces
that would bounce sonar signals away and also muftle the engine sounds and the internal
noises of crewmen inside the vessel.” After running acoustical tests Rich took the results

to the Navy submarine R&D office, where they were rejected.

Lockheed’s involvement in Navy stealth might have stopped there had it not been
for a company engineer just back from a Pearl Harbor business trip who mentioned to
Rich that he had seen a catamaran-type ship that the Navy had built experimentally. This
prototype SWATH (Small Water Area Twin Hull) ship was proving to be amazingly
stable in heavy seas and was considerably faster than a conventional ship. Rich felt that a
catamaran SWATH ship held real promise as a model for a stealthy surface ship, so he
presented the idea Dr. William Perry, the Under Secretary of Defense for Research and
Engineering. Rich suggested they could test several stealth-related technologies on the
ship. Dr. Perry agreed and arranged for DARPA to issue a study contract.!0 This small
contract was aimed at developing a workable model catamaran and testing it against

8  BenR. Rich and Leo Janos, Skunk Works, Boston: Little, Brown and Company, 1994, p. 271.
9 1Ibid., pp. 271-272.
10 1bid., p. 273.
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Soviet X-band radar. Rich wrote, “Shape was the key to defeating Soviet radar. Coatings
accounted for only 10 percent effectiveness in deflecting radar. The rest was quietness of
a vessel’s engines and minimizing its wake.”!! The Lockheed team developed a model
with a pair of underwater pontoon-type hulls that propelled the ship with twin screws. It

had good stability in rolling seas and produced very little wake.

The subsequent prototype resembled the F-117A stealth fighter (see Chapter I)
with a series of severe flat planes at 45-degree angles. “Diesel-electric propulsion would
power the ship’s counter-rotating propellers. Careful shaping of the pontoons and the
propellers cut down sharply on noise and wake.”!2 In addition to stealth design structure,
Sea Shadow had an “A-frame” design to reduce the surface area of the ship coming in
contact with the water in an effort to reduce the ship’s signature. The SWATH
configuration incorporated two submerged pontoons that supported the upper structures
while increasing ship stability. It also minimized the ship signature through the sloped
design of the hull.

AN

G O

Sources:
Federation of American Scientists. “Military Analysis Network, US Navy Ships—Sea Shadow,”
downloaded from <http://www.fas.org/man/dod-101/sys/ship/sea_shadow.htm> on 10/1/01.

Figure II-1. Sea Shadow Schematic

11 bid.
12 Ibid., p. 274.
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The Sea Shadow concept was focused on the Soviet Blue Water threat—
specifically the Soviet long-range fighter-bombers that were threatening the US Navy
with new look-down, shoot-down radar-guided missiles. The Navy’s Aegis missile
frigate was being procured with the objective of destroying incoming cruise missiles.
Lockheed argued that its ship would cost only $200 million (compared with the billion
dollar Aegis frigate), would be armed with Patriot-type missiles that could attack the
cruise missile carrying bombers, and would be invisible to the Soviet radars. The ship
“could be sent out hundreds of miles ahead of the carrier task force to shoot down the

Soviet attack aircraft before they got within missile range of the fleet.”!3

On reviewing the test data, Dr. Perry ordered the Navy to fund R&D of a stealth
ship. Perry was adamant about proceeding although the Navy was highly resistant. In a
meeting with the Chief of Naval Operations he responded to the Navy’s reluctance:
“Admiral, we are going to build this ship; the only question is whether the Navy is going
to be part of it.”14 Perry tried to soften the blow by stating that the funding would not

come out of other Navy ships.

The Sea Shadow was constructed in modules in several shipyards and then
assembled inside a huge submergible barge. It was made of very strong welded steel,
displaced 560 tons, and was 70 feet wide. The ship had a four-man crew—commander,
helmsman, navigator, and engineer.!5 These figures went up over time and subsequent

tests carried up to 24 people—still far less than on normal Navy craft.16

A number of impediments to development were reported. Many of these appear
to have been bureaucratic. In his book, Rich is scathing in his evaluation of both Navy
resistance to new concepts as well as the approach of Lockheed’s own shipbuilders. In
recent interviews, Ugo Coty, the chief Skunk Works designer of the Navy stealth concept,
reported that he had shared many of Rich’s concerns about the development project.
Coty said that a major problem is that the Navy “never builds experimental ships.”!7
Instead, the Service builds the first ship of a class of ships—and may not build the rest of
the class. Thus the people Rich had called “bureaucrats and paper pushers” in his book,

13 Rich and Janos, p. 274.
14 Interviews with William Perry (June 6, 2001) and Robert Fossum (February 7, 2002).
15 Rich and Janos, p. 277.

16 paul A. Chalterton and Richard Paquette, “The Sea Shadow,” Naval Engineers Journal, May 1994,
pp. 296-308.

17 Interview with Ugo Coty, December 1, 2001.
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were simply a typical part of a standard shipbuilding program, and to them the demand
for paint lockers (on a ship that would not be regularly chipped and painted) made perfect

Sensc.

Once constructed, the Sea Shadow was towed to Long Beach to begin its tests off
Santa Cruz Island. All tests were at night against the most advanced Navy hunter planes.

Rich reports that tests were extremely successful:

One typical night of testing, the Navy sub-hunter airplanes made fifty-

seven passes at us and detected the ship only twice—both times at a mile-

and-a-half distance, so that we would have shot them down easily long

before they spotted us. Several times, we actually provided the exact

location to the pilots and they still could not pick us up on their radar.!8

The tests continued over 2 years. All reports indicate that the Sea Shadow
performed well.19 Nevertheless, although individual technologies were applied to Navy
ships, the ship itself was never introduced into the fleet. Rich’s view was that the
admirals who ran the surface fleet were against it. He wrote that they told him the design
was too radical. They told him, “If the shape is so revolutionary and secret, how could
we ever use it without hundreds of sailors seeing it? It’s just too far out.” He noted,
“Although the Navy did apply our technology to lower the radar cross section of their

new class of destroyers, we were drydocked before we had really got launched.”20

When Dr. Perry left office, the next administration’s OSD Comptroller reduced
funding for the DD-51 in the following year’s budget request, which the Navy interpreted
as redirecting funds to pay for Sea Shadow. In response, Chief of Naval Operations
Admiral Hayward cut the program out of the budget. Coty went to Hayward and asked
why and was told it was because the Navy Program Manager was asking for too much
money. The PM had submitted a request for missile development to arm the new ships
and everything to go with them. In Hayward’s view these requirements had come “before
the ship had even been shown to be stealthy.”?! Coty said that after a fast reeducation of
the new Administration, money was restored. But stealth supporters such as Rich and

Coty believed the Navy brass largely disapproved of the development.

18 Rich and Janos, p. 279.

19 Ibid., see Chalterton and Paquette for a more restrained but still supportive view.
20 Rich and Janos, p. 278.

21 bid.
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Sea Shadow was deactivated from 1987 until 1993, when it was reactivated for
additional equipment testing. In 1993 and 1994, it was openly tested, serving as a
platform for testing several concepts including combat systems developed by Lockheed
under contract with DARPA. Two Combat System prototypes, the Automated Combat
Identification System (ACIDS) and the Tactical Action Advisor (TAA), were tested. The
ACIDS was a decision aid to automatically identify air and surface tracks based on sensor
and intelligence information as defined by the tactical operators. The TAA system was a
decision aid to support a Tactical Action Officer or Warfare Commander. The testing and
demonstration of both the ACIDS and TAA prototypes were a part of the DARPA-funded
High Performance Distributed Experiment (HiPer-D) program, and the versions of the
ACIDS and TAA prototypes that were tested used software technology funded by
DARPA for civilian and defense applications.?? The testing was again reported to be

successful.

According to Lockheed representatives, the tests also proved out the use of
commercial-off-the-shelf (COTS) technology in the systems and were the basis for using
COTS in the Aegis system. As a result, each of the developed Aegis employed more
COTS in its computer hardware and software, and the Aegis 71 is now fully COTS.23

The Sea Shadow was once again placed in lay-up status in 1994. Although it did
not enter the fleet, its design did contribute to follow-on programs like the Arsenal Ship
and the DD-21 as well as other ships. The ship was reactivated in 1999 in anticipation of
using it to test new technologies being developed for the DD-21.24 Specifically, the Navy
said that the Sea Shadow would help support risk reduction efforts for the DD-21 and
other future ships and facilitate the testing of automation systems and information
technologies that are key to reducing manning and increasing ship survivability.25 Tests
have focused on design concepts for the destroyer. The Sea Shadow continues to be used
to test DARPA concepts, including a platform for DARPA’s High-Performance
Distributed Computing experiment.26

22 Gerard J. Mayer, “Aboard the Sea Shadow, Lockheed Martin Advanced Technologies,”
<http://www.atl.external.Imco.com/overview/papers/SEASHADOW.htmI>.

23 Interview with Mr. Gerard Mayer, Lockheed Martin, November 29, 2001.

24 «Sea Shadow”. Military Analysis Network, US Navy Ships—. Federation of American Scientists,
<http://www.fas.org/man/dod-101/sys/ship/sea_shadow.htm> on 10/1/01.

25 «Sea Shadow Reactivated for Technology Testing of Future Surface Ships,” Navy Wire Service,
March 18, 1999.

26 Mayer, “Aboard the Sea Shadow.”
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Sea Shadow Technology and Acquisition Innovations

Following are some of the processes/technologies tested on Sea Shadow:

e Command and Control
o Improved ship control
o Automated ship control
o The Communicator

e Materials and Structures

o Structural design for reduced signature angled surfaces, rounded edges, and
a single, lightweight mast

o Advanced structures

o Twin hull construction employing a unique hull design with two thin struts
to support the deck structure and two submerged, submarine-like pontoons
known as the Small Water Plane Area Twin Hull (SWATH)

e Propulsion

o Jet, counter-rotating engines (jet not installed, used diesel instead, but
proved stealth principal of the counter-rotating engines)

e Sustainment
o Automation for reduced manning

e  Weapons
o Automated Combat Identification System (ACIDS)
o Tactical Action Advisor (TAA)

Several key technologies related to sea-based stealth were developed and
demonstrated, as was SWATH technology; new communication, command and control
approaches; and automation for reduced manning. From all evidence, the stealth
component worked very well. This was apparent in the early 1980s, but only slowly
penetrated the Navy leadership. Reduced manning was also fully demonstrated.
However, such reductions continued to be opposed by many among the uniformed Navy
leadership who worried about the ability to respond to battle damage with much reduced

crews.2’

Summary

Overall Sea Shadow has proven to be a very valuable test vessel. DARPA played

a significant role in its funding and development. The Program demonstrated many of the

27 Interview with John Douglass, February 5, 2002.
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problems that are likely to occur when DARPA works with the Services to introduce
novel technologies that might have significant impact on the Services’ force structure and
operations. The stealthy Sea Shadow immediately came into competition with other
Service priorities (Aegis). It had no powerful Navy advocate. It ran up against an
acquisition process that made it difficult to succeed (e.g., Was it the lead ship of a new
class rather than a demonstrator?). And, with Dr. Perry gone, it had no powerful advocate
anywhere in the DoD. It sank into the background. Still, it is possible to track
technologies developed here to the ill-fated Arsenal Ship, the current DD-21 and today’s
DD(X).

Arsenal Ship

Whereas the Sea Shadow development was intended to help defend the US fleet
on the high seas against the Soviet navy, the Arsenal Ship development was directed at
supporting the Navy’s new post-Cold War concept of littoral conflict. “The basic
requirement for the Arsenal Ship, established in a joint Navy-DARPA Memorandum on
March 18, 1996, was to satisfy joint naval expeditionary force warfighting requirements
in regional conflicts by providing the theater commander with massive firepower, long-
range strike, and flexible targeting and possible theater defense through the availability of

hundreds of vertical launch system (VLS) cells.”28

A number of studies had suggested the concept. According to a RAND
Acquisition Process report written at the time, the concept was derived from several
studies addressing the future Navy contribution “to the conduct of land-based warfighting
capabilities, especially in providing artillery-like fire support to lightly armored Army and
Marine forces.”?® The concept was viewed as “consistent with the Defense Science
Board (DSB) Summer Study, Tactics and Technology for 21st Century Military
Superiority, published in October 1996; the Army’s long-term vision as outlined in Army
After Next; and the Marine Corps’ philosophical commitment to innovative change as
embodied in Sea Dragon.”3% Two Navy studies examined the concept just prior to its
formal initiation. An internal Navy study conducted by the Office of Naval Research

considered the concept for a “missile barge” in the spring of 1995 and the Naval Surface

28 Charles S. Hamilton, Arsenal Ship Lessons Learned, Arsenal Ship Joint Program Office, December 31,
1997, p. 1.

29 Robert S. Leonard with Jeffrey A. Drezner and Geoffrey Sommer, The Arsenal Ship Acquisition
Process Experience, Santa Monica: The Rand Corporation, 1999, p. 97.

30 1bid.
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Warfare Center considered the feasibility of combat systems later that summer.3! All

these efforts envisioned a changed world from the Cold War.

However, despite the changed mission from Sea Shadow, there were many
commonalities among the technologies investigated and with the development approach
for the two vessels. Admiral Charles Hamilton, who as a Captain was the Program
Manager of the Arsenal Ship, indicated that the technology for the program was well
informed by the earlier development of Sea Shadow.32 Commonalities included testing

technologies designed for reduced crewing, low radar signature, and reduced unit costs.

The Arsenal Ship was to be a floating weapons platform for projecting naval
power ashore. A forward observer located somewhere onshore could call in the fire,
select the type munitions (missile or gun), and direct it on the target from his location.33
This concept promised to provide more timely and accurate fire support ashore.

Proponents argued:

The pre-positioned ships would provide the unified commanders in chief

(CinCs) with massive firepower in the early hours of a conflict-much

sooner than could be provided by bombers traveling from the continental

United States or from aircraft carriers, unless they happened to be nearby

during a crisis.34

The Arsenal Ship concept threatened the almost exclusive role that naval aviation
played in many early shore engagements as well as the role that the Air Force bombers
were carving out for themselves in the post-Cold War period (e.g., Global Reach).
Hence, it was viewed as competition for both Navy carrier aviation and the Air Force’s
B2 bomber.3> The Program’s estimated costs also put it in competition with the DD-21.

Hence, it had only mixed support among the top echelon of the uniformed Navy.

The Arsenal Ship concept had the support of both the Chief of Naval Operations,
Admiral Jeremy Boorda (who was not an aviator), and the Assistant Secretary of the
Navy for Research, Development and Acquisition, Mr. John Douglass, who earlier as an
Air Force Officer had headed that Service’s Precision Guided Munitions Office. When

31 1bid.
32 Interview with Admiral Charles Hamilton, January 22, 2002.
33 Douglass interview.

34 Katherine Mclntire Peters, “Ship Shape,” Government Executive, August 1, 1997. Also see Lt. Dawn
Driesbach, USN, The Arsenal Ship and the US Navy: A Revolution in Military Affairs Perspective,
Monterey, CA: Naval Postgraduate School.

35 Tbid.
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Admiral Boorda and Mr. Douglass decided to launch the development, they sought to
include DARPA to help implement it, as well as a complementary source of research and
funding.3¢ The DARPA Director, Larry Lynn, was intrigued by the possibility that the
ship, having a very small crew or perhaps none, might be built so as to be virtually
unsinkable. He approved DARPA taking on the program although he was concerned
with the Navy’s poor record in implementing new technology developed in the past with
DARPA. He was not optimistic that the Navy would implement an idea as radical as
Arsenal Ship. After further discussions, however, DARPA did become involved and a
Memorandum of Agreement (MOA) was signed (Attachment A).37

The MOA laid out the technological and acquisition objectives of the program, as
dictated by the operational concepts for the ship. The ship would be designed to deliver
large amounts of munitions to a Ground Commander early in an engagement. It would
therefore be forward deployed much of the time and under control of the Theater
Commander. Major goals of the Arsenal Ship development program included:

e Flexible support of ground forces which drove secure communications,

reliable data linkage, and a Cooperative Engagement Capability (CEC) for the
remote targeting and launch system

e Rapid and sustained support which drove the number of weapons onboard

e Forward basing, which drove reduced manning requirements and survivability
concerns including low radar signature and defense against sinking (size of
ship or double hull design)

The Program also wanted to test a streamlined acquisition process. Here the
objectives included:

e Significantly compressed development timeline—from concept design
through fabrication in just 5 years and

e A fixed unit sail away cost of $450 million with a life-cycle cost less than one-
half that of a traditional surface ship.38

36 Douglass interview.
37 Larry Lynn, private correspondence, June 2002.

38  Compiled from: Alan Abramson, The Arsenal Ship Measures Up to Joint Vision 2010, Newport, RI:
Naval War College, November 1997; “Arsenal Ship,” Military Analysis Network, US Navy Ships—,
Federation of American Scientists, downloaded from <http://www.fas.org/man/dod-101/sys/ship/
arsenal_ship.htm> on 10/1/01; and The Center for Defense Information, “Arsenal Ship,” Downloaded
from <http://www.cdi.org/issues/naval/arsenal.html> on 10/1/01. Also see Leonard, The Arsenal Ship
Acquisition Process.
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The demonstration program was required to show that production ships of this
class could operate on a 90-day mission, had the communications and data links
necessary for the CONOPS, could salvo 3 Tomahawk missiles in 3 minutes, fire a single
Standard Missile (SM2) using the Arsenal Ship as a remote magazine for a Cooperative
Engagement Capability, and single launches of the Tomahawk remotely and a single
weapon using “digital call for fire.”3® The MOA noted that the missile packages did not
necessarily exist so that some of the “proof” would have to be through exercising data
links. These links were a critical part of the demonstration. As already noted, the ship’s
concept pared down on-board systems and directed the effort toward the prime function
of transporting and launching massive numbers of munitions (specifically Tomahawk
Land Attack Missiles or perhaps a Navy version of the Army Tactical Missile System)
against inland targets. There were to be no elaborate surveillance and fire control sensors
on the Arsenal Ship system. Rather, the ship would use secure, sophisticated data links to
utilize information first from JSTARS or AWACS and later from ground observers.
“This concept allows for remote missile selection, on-board missile initialization and
remote launch orders, and provides remote ‘missile away’ messages to the control
platform.”#0 These were some of the same data issues that had been confronted earlier in
the Sea Shadow. DARPA had developed these communications and data systems
through its Common Data Link efforts that were applicable to both Sea Shadow and its

Unmanned Aerial Vehicles efforts.

A small crew size (0—50 members) was essential in order to minimize operations
costs for the ship since manning reportedly accounts for approximately 40% to 60% of
the total life-cycle costs of a typical surface ship. Automation and the potential for
smaller crews had been investigated in the Sea Shadow trials. Many of the ideas on crew
reduction for the Arsenal Ship appear to have been an outgrowth of the Navy’s “Smart
Ship” Project established in 1995 and ongoing during the period of the Arsenal Ship. The
Smart Ship Project was initiated as a result of a report by the Naval Research Advisory
Committee’s (NRAC) panel on Reduced Manning. Its objective was to reduce crew size
and workload through the implementation of mature technologies, as well as changes in

policies and procedures.#! The Arsenal Ship planned to reduce its crew complement

39 «Arsenal Ship Lessons Learned Report,” Tab B, <hitp:/www.fas.org/man/dod-01/sys/ship/docs/arsenal/
secl.html>.

40 «Arsenal Ship,” The Center for Defense Information.

41 Leonard et al., The Arsenal Ship: Acquisition Process Experience, MR-1030-DARPA, Appendix A,
p. 98.
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“through systems automation, utilization of capabilities indigenous to other fleet assets,
and a low maintenance design emphasis for the hull as well as shipboard systems.”42
However, crew reduction proved difficult. There were concerns about arrangements to
carry out everyday tasks like cooking, cleaning, and systems maintenance. Automation of
many of the on-board tasks was a possible answer, but this raised significant technology
and operational challenges. One of the greatest concerns among senior Navy personnel

was damage control and whether reduced crews could save a damaged ship.*3

As for munitions, at the time of the Arsenal Ship development, Lockheed was the
sole-source developer, manufacturer, and provider for the Navy of the MK 41 Vertical
Launch System (VLS), the only operational VLS that would accommodate all the
munitions expected to be used by the Arsenal Ship. Early in Phase I, Lockheed offered
the system to all of the Arsenal Ship competitors, but the offer price was more than
30 percent of the Arsenal Ship’s cost goal. Moreover, this price quote included neither
Lockheed Martin’s Launch Control System (LCS), which was the only LCS that was
weapons-certified for use with the MK 41 VLS, nor updated technical manuals for the
MK 41 system. The complete cost of the MK 41 VLS for earlier use (e.g., the
procurement and installation price in 1994 for a 64-cell system) was $26.3M, which
equals about $29M in FY 1998 dollars—$232M for the anticipated 512-cell Arsenal
Ship.44 By the end of Phase II, all three of the teams (including the Lockheed team) had

decided to design their own new VLS systems.

Arsenal Ship was set up under DARPA management as the Arsenal Ship Joint
Program Office (ASJPO). This early DARPA lead would “take advantage of the
Agency’s Section 845, Other Transaction Authority (OTA), and help to facilitate transfer
of its innovative business practices to the Navy acquisition community.”*> The program
was to transition to Navy leadership at a later phase. The use of Other Transaction
Authority allowed the use of relatively few, broad performance characteristics and the
assignment of full design responsibility to the competing contractor teams. Technically,
the Arsenal Ship was required to use stealth technology, but other than that mandate,

contractors could use any approach to meet the other broad operational requirements.46

42 Leonard et al., The Arsenal Ship: Acquisition Process Experience, Appendix A, p. 99.

43 Douglass interview.
44 Leonard et al., The Arsenal Ship: Acquisition Process Experience, p. 61.
45 Hamilton, “Arsenal Ship Lessons Learned Report,” Section 1.2.

46 Charles Hamilton interview.
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There was also more industry investment in the project in the form of cost-sharing. This
approach changed the traditional contracting management relationship and placed more

risk on contractors.

The use of limited performance requirements and the assignment of additional
responsibility to industrial design teams made it possible both to limit the size of the
program office (initially to two people each from DARPA, NAVSEA, and ONR and
growing to three from each organization) and to develop a design that could
accommodate the affordability constraints in the project.4” A Steering Committee was

established composed of DARPA and Navy personnel, as follows:48
e Director, TTO—DARPA Chairman
e Deputy Assistant Secretary of the Navy (DASN, Ships)
e Assistant Director, TTO for Maritime Programs—DARPA

e Director, Surface Warfare Plans/Programs/Requirements Branch—OPNAV
(N863)

e PEO for Surface Combatants

e Office of Naval Research (ONR33)

The Program Manager was responsible for developing a program plan including
major decision milestones, and for the development of a program transition plan. The
Steering Committee approved the initial program plan, conducted quarterly reviews to
assess progress, and provided guidance to the PM. An Executive Committee was
responsible for reviewing the program at major decision milestones, evaluating the

validity of program cost thresholds, and providing redirection as necessary. The
committee members were as follows: 49

Executive Committee

e Assistant Secretary of the Navy (RD&A)
e Director of Surface Warfare (N86)

e Director, DARPA

e Commander, NAVSEA

e Chief of Naval Research

47 Leonard et al., The Arsenal Ship: Acquisition Process Experience, pp. 26-28.
48 Hamilton, Arsenal Ship Lessons Learned Report, Section 1.2.
49 Tbid.
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The project was to be undertaken in several phases. The Phase I Solicitation was
termed a “radical departure from a traditional DoD Request for Proposal (RFP), in that
‘offerors are requested to propose their own unique program approach which will best
satisfy the Department of Defense’s objectives.” Also, each offeror was asked to propose
an Agreement for evaluation, rather than the government specifying a contract to be
negotiated.”0 Six industry teams were each awarded $1 million contracts to generate
Arsenal Ship Concept Designs and proposals for Phase II. The Phase I funding was
awarded by DARPA in July 1996. Phase II contractors were selected in January 1997.
The teams were a mix of old line Navy shipbuilders and newer entry defense firms with
more electronic and weapons experience. The teams were:

e General Dynamics, Marine/Bath Iron Works, General Dynamics

Marine/Electric Boat, Raytheon Electronic Systems, and Science Applications
International Corporation

e Lockheed Martin-Government Electronic Systems, Litton Industries/Ingalls
Shipbuilding, and Newport News Shipbuilding

e Northrop Grumman Corporation, National Steel and Shipbuilding Co.,
Vitro Corp., Solipsys, and Band Lavis & Associates, Inc.5!

Once a selection among the three teams had been made, the winning team was to
complete a detailed design of their proposed ship. Phase IV would consist of
performance testing and evaluation, and Phase V would have been the production phase.
However, with the untimely death of Admiral Boorda on May 16, 1996, Arsenal Ship lost
a strong advocate. Three months after the Phase II selection, the Navy informally
announced a change in focus for the program (at a meeting with Navy industry) and
designated it the Maritime Fire Support Demonstrator (MFSD). This change shifted the

Arsenal Ship’s role to that of a demonstrator for risk reduction for the SC 21 program:

ASJPO formally notified the contractor teams that same week, but the
form of its notification did not reflect the magnitude of the reorientation.
The letter stated, “The Navy is planning on using the Arsenal Ship
Demonstrator, in parallel with its primary tests to evaluate the military
utility of the Arsenal Ship, to evaluate various SC 21 technologies.” The
letter went on to state that the “testing can be accommodated within
current demonstrator designs.” It then provided a list of SC 21
technologies envisioned to reduce risk via sea testing on the demonstrator.

50 Leonard et al., The Arsenal Ship: Acquisition Process Experience, p. 8.

51 Federation of American Scientists, “Military Analysis Network, US Navy Ships—Arsenal Ship,”
downloaded from <http://www.fas.org/man/dod-101/sys/ship/arsenal_ship.htm>.
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The ASJPO viewed the motivation behind the change as the need to justify
research and development funding with greater return on investment. It
felt that Arsenal Ship technologies demonstrated through the MFSD were
intended to support not just the SC 21 program, but the CVX 5 as well.52

With the loss of top naval support, and with the Navy’s shift in program focus,
Congress cut the program’s funding.53 The Secretary of the Navy announced on
October 24, 1997, that the Arsenal Ship program was canceled.># In an October 30, 1997,
letter to the program’s three contractors, DARPA Director Lynn stated “the program was
canceled as a result of a lack of funding in FY 1998, which was a direct result of the
Navy’s poorly articulated and ambiguous legislative strategy for the Demonstrator.”s5
Nonetheless, many of the technologies developed for Sea Shadow and Arsenal Ship—
stealth, automation to reduce manning, robust data links, and new propulsion systems—
were incorporated into the DD-21 and SC-21 programs.3¢ Arsenal Ship PM Captain

(later Admiral) Hamilton was selected to move to the DD-21 Program from Arsenal Ship.

The program cancellation hurt the contractors, who had been cost-sharing in the
project under Section 845 Other Transaction Authority contracts. Also, because Arsenal
Ship was not a Navy-run Program during Phases I and II, Navy R&D Centers and
participating managers, (PARMs—the people responsible for buying the subsystems for
ships), made little effort to respond to contractor calls for information. Both
organizations reportedly responded better in Phase II, after the Joint Program Office made
money available to the Navy organizations to pay for response efforts.3” However, the
situation raises a question about the ability of DARPA to work with and efficiently
manage such a joint program. It illustrates the dilemma between trying to introduce new

technology that might negate some of the technology in these Centers and PARMs and

52 Leonard et al., The Arsenal Ship: Acquisition Process Experience, pp. 69—70.

53 Members of the House Armed Services Committee were not persuaded about the requirement for
Arsenal Ship and questioned its cost and performance compared with alternative ways to meet the
requirement. They also objected to the acquisition plan that gave the Navy an option to enter fixed-
price production with the winning design contractor. (Personal correspondence from Jean Reed,
former DARPA PM and House Armed Service Committee staff member, January 3, 2003.) The
Navy’s lack of support after Boorda’s death was partially the result of concerns that these few ships
with massive missile fire power would be too vulnerable.

54 Department of the Navy, Office of Legislative Affairs, Memorandum for Interested Members of
Congress, Subj: Maritime Fire Support Demonstrator (MFSD), October 24, 1997.

55 Leonard et al., The Arsenal Ship: Acquisition Process Experience, p. 84.
56 Interview with Admiral Charles Hamilton, January 22, 2002.

57 Leonard et al., The Arsenal Ship: Acquisition Process Experience, Chapter 6 and Hamilton, Arsenal
Ship Lessons Learned.
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the need to work with these organizations to gain access to the considerable technologies

in them that are still useful.

Inadequate funding was a major factor in the cancellation of Arsenal Ship. The
Memorandum of Agreement between the Navy and DARPA included the funding profile
shown in Table II-2 below.

Table 1I-2. Arsenal Ship MOA Funding

($ Million)
FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001
Navy $4.0 $25.0 $141.0 $90.0 $80.0 $10.0
DARPA $1.0 $15.0 $47.0 $50.0 $36.0 $21.0

Some contend that the effort was underfunded from the start, and that the
underfunding was at least partly the result of staff errors—the use of a DD 51 as a test
vessel was initially requested, but that request was left out of the memo reviewed and
signed by senior Navy officials.’¥ DARPA reportedly tried to make up some of the
funds, but could not cover the costs.59 Some program critics argued that although the
cost of each Arsenal Ship had been set at about $450 million, the actual cost of a fully
functional, totally loaded Arsenal Ship would be considerably more, with a total
magazine cost of about $400 million. In their view the funding was totally inadequate.
Other reports put the cost of arming an Arsenal Ship even higher. The New York Times
reported that the missiles would cost between $500,000 and $1.5 million apiece, resulting

in a total $2 billion in weapons.®0

Then Assistant Secretary Douglass does not believe that the project was initially
underfunded—simply undersupported by the Navy, particularly by the new CNO, in the
budget battles. In an interview, he related his total surprise at the time that Admiral
Johnson had “given up the Arsenal Ship.”¢! He reported that once that action was taken,

the program’s critics in the Congress killed the program. In fact, the costs of

58
59

Leonard et al., The Arsenal Ship: Acquisition Process Experience, pp. 80—81.

Ibid., p. 80. Larry Lynn reportedly saw the initial $350 Navy funding and recognizing that it was
inadequate, committed up to $170 million in DARPA funding.

60 David Evans, “The Navy’s Blues,” New York Times, June 8, 1996, p. 15. Figures for the missiles

varied widely depending on the type being considered. The high-end cost was for a cruise missile on
version. Other concepts suggested that missile costs could be drastically lower. (Discussion with
Gen (ret.) Ray Franklin, former Dep. Commandant, US Marine Corps. March, 2003.)

61 Douglass interview.
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development programs are often underestimated at the start. Moreover, this was an Other

Transactions Authority development that assumed some level of cost share from industry

and an opportunity for industry to practice new ways of achieving its goals that might be

significantly less costly than the normal way of doing business. If the effort had had

support, funding probably could have been increased later. The technology and

acquisition process innovations associated with the Arsenal Ship are listed below:

Arsenal Ship Technology and Acquisition Innovations

Acquisition Process
o Utilized Section 845 Other Transaction Authority

o Use broad descriptions of desired performance, rather than specific
requirements

No formal systems specifications existed
Limited staffing in the Joint Program Office
Unit sail away price a firm requirement
Cost as Independent Variable approach
Exclusive use of off-the-shelf systems
Minimized government direction

©c © © © ©o ©

Command and Control

o Off-board targeting, command, and control in a “remote missile magazine”

o Flexible and robust data links

o Joint connectivity architecture

Materials and Structures

o Signature reduction for ships

o Passive survivability (e.g., compartmentalization, double-hull
construction)

Propulsion

o Some form of electrical propulsion or auxiliary propulsion system

Sensors

o No long range surveillance or fire control sensors—these tasks to be
performed remotely through robust data links

Sustainment

o Reduced manning

o Automated engineering, damage, ship, and weapon control systems

Weapons

o Vertical Launch System (VLS) cells (approximately 500)

o Integrated combat system with cooperative engagement capability
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The fundamentally important change between Sea Shadow and Arsenal Ship was
in the operational focus: from a Blue Water engagement of opposing fleets to support of
littoral and land operations. Arsenal Ship was therefore important in providing a
conceptual context for developing naval technology to support the new post-Cold War
needs of the United States. The Lessons Learned Report stated:

Technology is already available for breakthrough performance.
Technologies still “under study” by the Government were readily
incorporated in the Arsenal Ship designs based on COTS products. Areas
of particular strength include: reduced manning; automation; information
systems; communications/ connectivity; propulsion machinery; fire
fighting; maintenance and logistics. Effective passive survivability and
signature reduction technologies derived from previous Government
programs are also available in the Marine and Aerospace industry.
Combined, these resulted in improved performance with major savings for
both acquisition and service life costs at little technical risk.62

Summary

Arsenal Ship might have played a more important role in the development of
future naval technologies had Admiral Boorda continued as the CNO. However, as it
was, it appears to have been a transitional vehicle employing some of the technologies
that were first tested in the Sea Shadow (stealth, automation to reduce manning, robust
data links, and some form of new propulsion system) and anticipating the technologies
and operations that might ultimately be incorporated into the DD-21/X and other vessels.
These ideas were transferred to the DD-21 Program and to the Naval Surface
Combatant 21 (SC 21) Program and Captain (later Admiral) Hamilton was selected to
move to the DD-21 Program from Arsenal Ship.

Although the formal Navy program was canceled, the basic concept of the Arsenal
Ship as a means of providing mass littoral fire power is still being considered by some in
the Navy, Marine Corps, and even the Army—where it is being pursued in the form of a
missile launching barge towed to a combat arena by an Army seagoing tug. To overcome
cost objections, one idea is to pursue the notion of Affordable Weapon System (AWS)
missiles using commercial-off-the-shelf components to bring the cost of an individual
missile down to $30,000.63

62 Hamilton, Arsenal Ship Lessons Learned, Section 1.3.7.

63 Franklin interview.
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DD-21 ZUMWALT-CLASS DESTROYER

Many of the technologies that are attributed as moving from the Arsenal Ship to
the DD-21 were initially explored by Sea Shadow program. In fact, Admiral Hamilton,
who was the Arsenal Ship PM, states that the Sea Shadow provided much of the technical
basis for the Arsenal Ship and that the project was well informed by the previous effort.64
These developments thus can be viewed as continuations of earlier efforts. While the
short period of time in which the Arsenal Ship was an active program reduced the
potential for this activity having a great impact, these concepts transferred over to the
DD-21 effort and are thus a continuation of the impact of DARPA’s naval technology
effort.

DD-21 Development Chronology
The DD-21 was to be the first in the Navy’s Surface Combatant 21 (SC 21)

Program, a family of ships program designed to replace the fleet designed for sea control
in the Cold War environment. According to the Navy, it was conceived as a multimission
surface combatant that could accomplish both land attack and maritime dominance roles.
It was to be armed with an array of land attack weapons such as those considered for the
Arsenal Ship, to provide precise firepower at long ranges in support of forces ashore. The
DD-21 could operate either independently or as an integral part of Joint and Combined
Expeditionary Forces. To ensure effective operations in the littoral, the ship was to have
“full-spectrum signature reduction, active and passive self-defense systems, along with
cutting-edge survivability features, such as in-stride mine avoidance.”® According to the
Charter for the Program Executive Officer for DD-21:

DD-21 will be designed using a Total Ship Systems Engineering (TSSE)
process to integrate the entire ship, encompassing hull, mechanical, and
electrical (HM&E) systems, as well as combat systems and Command,
Control, Communications, Computers, Intelligence, Surveillance and
Reconnaissance (C4ISR) functions. The TSSE approach will result in
warships that are more survivable, amenable to integration of future
technologies, and adaptable to changing mission requirements than ever
before. The DD-21 acquisition strategy calls for industry to offer
competitive solutions to meet challenging operational and affordability
requirements. The Navy expects to achieve significant life-cycle cost

64  Hamilton interview.

65  Statement of the Honorable Lee Buchanan, Assistant Secretary of the Navy, RDA, to the US Senate
Armed Services Committee, Sea Power Subcommittee, April 21, 1999.
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savings from aggressive use of optimal crew strategies and technologies
designed to maximize automation of traditional shipboard functions.66
Some of the key acquisition concepts incorporated into the new program are listed

below.
e Early industry involvement to save on total life-cycle costs;
e Use of Section 845/804 contracting;
e Use of modeling and simulation technology as well as computer aided design;
e Use of commercial components;
e Integration of industry risk mitigation techniques;
e Revolutionary manning;
e Signature reduction; and

e Use of “Cost as an Independent Variable”¢7

The DD-21 was developed as a “Cost as An Independent Variable” program, with
the goal of achieving O&S costs of $2,700 or less per hour in 1996 dollars. There was
also a production Objective/Threshold cost of $650—$750 million from the fifth ship on.
This pricing assumed the purchase of 32 DD-21s at a rate of 3 per year.8

The Navy desired a competitive development. However, getting a competition
was initially difficult. Firms were reluctant to compete in a new Navy program so soon
after the Arsenal Ship cancellation. After some initial difficulty, two teams competed to
design the ship—one led by Bath Iron Works with Lockheed Martin Government
Electronics Systems and the other led by Ingalls Shipbuilding with Raytheon Systems Co.
and United Defense Limited Partnership. However, each team had representatives from
the competing team observing the development process. It was planned that once a final
selection was made, both shipyards would continue to compete as they each would
assume responsibility for production of half of the total of 32 ships. This division of the
procurement was intended to help maintain a viable military ship production capability in
the United States.®®

66 US Navy, “Charter for the Program Executive Officer for DD-21: PEO DD-21,” p. 2.

67 «pD-21 Zumwalt,” Military Analysis Network, Federation of American Scientists,
<http://www.fas.org/man/dod-101/sys/ship/dd-21.htm>.

68  Ibid.

69 Raymond Lisiewski and Edward Whitman, DD-21: A New Direction in Warship Acquisition,
Arlington, VA: Program Executive Office, Surface Strike, 21 March 2000.

I1-23



The ship’s design (Figure II-2) reveals its lineage: the reduced signature and
automation for reduced manning of the Sea Shadow and the weapons systems and data
links of the Arsenal Ship.

DD 21 The First of the SC-21 Family

REDUCED SIGMATURES
MULTIFUNCTION RADAR

: JOINT C4ISR
i

64 - 128 CELL V.5

64 - 128 CELL VLS

BEROADBAND VDS
BISTATIC TOWED ARRAY

INTEGRATED UNDERSEA
WARFARE SUITE
ASW, MINE & TORPEDO DETECTION

"LEAP AHEAD” TECHNOLOGIES
- SUB-LIKE SURVIVABILITY

I
HF/BROADBAND SONAR
- 95 PERSON CREW
- 30% LIFE CYCLE COST OF DDG-51 e

Source: “DD-21 Zumwalt,” Military Analysis Network, Federation Of American Scientists,
<http://www.fas.org/man/dod-101/sys/ship/dd-21.htm>.

Figure lI-2. DD-21 Schematic

DD-21 Technology and Acquisition Innovations

In testimony provided to the Seapower Subcommittee of the Senate Armed
Services Committee in July 2001, Mr. John Young, Assistant Secretary of the Navy
(Research, Development and Acquisition), characterized the DD-21 and its associated
technologies as representing “the future of the surface Navy,” and outlined the advanced
technologies being developed in the DD-21 Program.’® The DD-21, he stated, would
“provide offensive, distributed, and precise firepower at long ranges in support of forces

ashore.” The ship’s acquisition approach was constructed to achieve “maximum design

70 Statement of Mr. John J. Young, Jr., Assistant Secretary of the Navy (Research, Development and
Acquisition) and Admiral William J. Fallon USN Vice Chief of Naval Operations Before the Seapower
Subcommittee of the Senate Armed Services Committee on the FY 2002 Navy/Marine Corps
Shipbuilding Programs July 24, 2001, p. 8.
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innovation and flexibility, minimum cycle time from ship design to delivery, and
significant cost savings using advanced commercial technologies and non-developmental
items.” The approach included “advanced design and construction techniques, and an
innovative maintenance and support concept will result in reductions in procurement and
lifecycle operating and support costs, including significant manning reductions along with
improved quality of life for the crew.”

DD-21 technologies cited included: ‘“advanced weaponry to meet 21st century
warfighting requirements” and the “automation needed to fight and survive with reduced
manning, the essential key to reducing lifecycle costs for all Navy ships. Specific

examples were the:7!

e 155 mm Advanced Gun System (AGS), which has the range and lethality to
meet USMC/JROC requirements for gunfire support for forces ashore.

e Integrated Power System (IPS)/Electric Drive: DD-21 will have all-electric
architecture that provides electric power to the total ship (propulsion and ship
service). Benefits include reduced operating costs, improved warfighting
capability, and architectural flexibility.

e Optimized Manning through Automation: Initiatives, such as advanced
system automation, robotics, human centered design methods, and changes in
Navy personnel policies allow reduced crew size of 95-150 sailors while
improving quality of life.

e New Radar Suite (Multi-Function Radar (MFR)/Volume Search Radar
(VSR)): The radar suite provides DD-21, and other applicable surface
combatants, with affordable, high performance radar for ship self-defense
against envisioned threats in the littoral environment while reducing manning
and life-cycle costs compared to multiple systems that perform these functions
today.

e Survivability: Protection concepts that reduce vulnerability to conventional
weapons and peacetime accidents under reduced manning conditions are key
technologies required for the ship design.

e Stealth: Acoustic, magnetic, infrared and radar cross section signatures are
markedly reduced compared to the DDG 51 Class and make the ship less
susceptible to mine and cruise missile attack in the littoral environment.

71 Ibid., pp. 8-9.
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Both the technologies and the acquisition approach derive substantially from the
earlier Arsenal Ship effort.”2

Figure II-3 illustrates the mission tasking that was to have been assigned to
DD-21s. Like the Arsenal Ship, the DD-21 was planned to have a standoff support

capability responding to requests for fire from troops ashore.

NATIONAL SENSORS

Source: DD-21 Program website, now inactive.

Figure II-3. DD-21 Operations

However, in November 2001, the Navy announced that it would issue a revised
Request for Proposal (RFP) for the Future Surface Combatant Program. The DD-21
program would be changed and called the DD X “to more accurately reflect the program
purpose, which is to produce a family of advanced technology surface combatants, not a

single ship class.””3 According to the news release, the DD X program would—

...provide a baseline for spiral development of the DD(X) and the future
cruiser or “CG (X)” with emphasis on common hullform and technology
development. The Navy will use the advanced technology and networking
capabilities from DD(X) and CG (X) in the development of the Littoral
Combat Ship with the objective being a survivable, capable near-land

72 Hamilton interview.
73 DoD News Release Number 559-01, November 1, 2001.
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platform to deal with threats of the 21st century. The intent is to
innovatively combine the transformational technologies developed in the
DD(X) program with the many ongoing R&D efforts involving mission
focused surface ships to produce a state-of-the art surface combatant to
defeat adversary attempts to deny access for US forces.”4

The announcement said that the Navy would continue to review the program and
narrow the competition until selection of a single contractor in the spring of 2002. On
April 29, 2002, the Navy announced that Northrop Grumman Ship Systems was selected
as the lead design agent for the DD(X) Program.

Summary DD-21/DD(X)

DD(X) continues three decades of naval research and development concerned
with stealth and standoff precision strike. DARPA has played an instigating role to
develop and demonstrate disruptive concepts, but the impetus for change has not been
strong, and high-level support has been episodic. Consistent support and internal
constituency would be necessary to counter the objections of existing ship programs that
stand to be disrupted, as well as to keep disruptive programs focused on a narrow set of
high-priority missions. ~Without that support and focus, there has been continual
experimentation with operational and technical concepts rather than progression to
production and deployment. However, as suggested by the design objectives for the
DD-21, the Navy does appear to accept the need to design its future surface combatant

fleet around many of the basic concepts that DARPA helped conceive and demonstrate.

SUMMARY OF DARPA SUPPORT

The analysis of the naval surface warfare embodied in the Sea Shadow, Arsenal

Ship, and DD-21(X) suggests the following conclusions:

e A host of potentially useful technologies are being investigated or might
warrant investigation.  There is a consensus, however, about several
technologies that will help the Navy to be effective in the new littoral
battlespace. Among these are:

Materials, structures, and design for stealthy operation

Automation that aids in ship command and control as well as reducing
manning requirements

Technologies to assist in combat decision-making and targeting
Sufficient firepower to sustain ground and sea support early in a conflict

74 Tbid.
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Many of the innovations in contracting and the use of commercial components
that were utilized in the course of these ship development programs showed
promise as a new way the Department of Defense can gain access to
commercial technologies and leverage commercial R&D funds to achieve
military technology goals at greatly reduced costs. These efforts were not,
however, without cost. For example, contractors suffered immediate losses
with the cancellation of the Arsenal Ship program. This had an impact on the
contractual structure of the subsequent DD-21 program. Moreover, these new
approaches still do not apply to the all important production phase.

Incorporating stealth technologies into Naval platforms works and is an
important innovation for fighting against a sophisticated enemy.

Reduced manning is another important goal, but it will require persistent
effort and significant R&D before it will be implemented widely. The Navy
expressed concerns in regard to reduced manning through the different
development efforts, including: performance of daily tasks, firefighting, and
ship protection. While the 95-person crew forecast for the DD(X) is far
greater than the 50-person goal of the Arsenal Ship, even achieving such a
number will be a challenge.

One of the most difficult tasks in innovation is overcoming the existing
mindset to gain acceptance of the new technology. This is not unique to the
programs under study here or to the Navy itself. However, the Navy’s
approach of building the first ship in a class, rather than engaging in prototype
development, increases challenges to innovation in Naval vessels.

Innovative DARPA acquisition procedures stimulated participation in
development programs and helped further the development goals of each new
ship program.
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ATTACHMENT A

MEMORANDUM OF AGREEMENT (MOA) FOR JOINT NAVY/DARPA
ARSENAL SHIP DEMONSTRATION PROGRAM

Source: US Government, Arsenal Ship Lessons Learned Report, http://www.fas.org/man/dod-101/sys/ship/docs/
arsenal/secl.html.

Purpose

The purpose of this document is to establish a joint Navy/DARPA agreement as to
the objectives, roles and responsibilities, schedule, and funding for the Arsenal Ship

demonstration program.

Background

Arsenal Ship is a high priority program for the Navy to acquire a new capability
for delivery of large quantities of ordnance in support of land and littoral engagements.
Key to both Arsenal Ship’s affordability and operational flexibility is off-board
integration of all but the most rudimentary C41. The ships are conceived to be theater
assets that will operate under the authority of the joint Commanders-In-Chief (CINCs)
and will receive their targeting along with command and decision information from other
assets. Early in Arsenal Ship’s life this control will be exercised through an Aegis
platform, though as other assets mature, control will transition to aircraft such as
AWACS or an E-2 with CEC-like capability and eventually to the Marine or Army
shooter on the ground. Thus, the Arsenal Ship will not be fitted with long range
surveillance or fire control sensors, but will be remotely controlled via robust data links.
The data links will be secure, redundant and anti-jam in order to provide high reliability
in the connectivity of the Arsenal Ships in high jamming operational scenarios. The
program overall is an attempt to leverage the significant current joint investment in Link
16 and CDC. The Arsenal Ship’s survivability will be primarily achieved through
passive design techniques. While active systems are not ruled out, they must be
consistent with overall cost and manning goals. These design goals will allow the
Arsenal Ship to have a very small crew (potentially, none at all), which will be a key
ingredient in minimizing its life cycle costs. It is expected that the Arsenal Ship will
transit and operate independently but when in a hostile environment, its defense will be
enhanced by working cooperatively with other elements of the force. It is envisioned that

the Arsenal Ship will be a large hull designed so that the weapons carried onboard are
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protected from damage and the ship is “virtually unsinkable” if hit by missiles, torpedoes,

or mines.

This demonstration program is a non-ACAT program that has been created to
evaluate this new capability while minimizing the risks in acquisition of approximately
6 ships (to include conversion of the Arsenal Ship Demonstrator to a fleet operational
unit at low cost). To ensure that the program remains affordable, a firm cost threshold for
the production ships has been established. This program will be conducted using
DARPA’s Section 845 Agreements Authority so as to allow industry wide latitude in
satisfying the Navy’s requirements within this threshold. Agreements will be structured
to allow trade-offs between cost and performance. Program success will be judged by the

extent to which the Arsenal Ship meets operational requirements.

A second purpose for this demonstration program is to accelerate the Navy’s
ongoing acquisition reform activities focused on buying improved ships at a lower cost.
To this end, the joint program will focus on exploiting DARPA’s culture and experience
in prototyping system programs. We anticipate the production Arsenal Ship contracts

will serve as a model for future streamlining.

Technical Objectives

The Arsenal Ship is intended to provide a large quantity of (approximately 500)
vertical launch systems (VLS) with the capability to launch a variety of weapons for
strike, fire support, and area air defense. The exact number of VLS missiles will be
determined during the program by optimizing the survivability, performance,
sustainability and costs. The demonstration program will highlight Arsenal Ship’s
capability as a force multiplier to the Marine Corps, Army, and full array of joint forces.
In that regard, it is recognized that certain weapons do not yet exist in the inventory that
would allow the full capability to be demonstrated for all missions. No new weapons
developments or significant enhancements to weapons are to be pursued as part of this
program. Instead, demonstrations should be planned and structured such that significant
communications, architecture, and data link functions are evaluated. The goal of the
program will be to achieve a balanced design that satisfies the thresholds consistent with
the ship’s concept of operations (CONOPS).
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The demonstration program must show that the production Arsenal Ships are
suitable for performing their mission within prescribed cost constraints. To this end, its

objectives are to demonstrate:
1. The performance of the mission for 90 days.

2. The architecture, communications, and data link functions to satisfy the
Arsenal Ship CONOPS.

3. The capability for remote launch of strike, area air warfare and fire support
weapons. It is envisioned that the test program will include:
a) Salvo launch of up to 3 Tomahawk missiles in 3 minutes.

b) Single SM2 launch using the arsenal ship as a remote magazine for a
Cooperative Engagement Capability (CEC) ship

¢) Single Tomahawk launch using the arsenal ship as a remote magazine for
air directed and shore based targeting

d) Single ATACMS launch from a VLS cell in support of a naval surface fire
control mission digital call for fire

4. That the proper balance between passive survivability and active self defense
will be sufficient for the expected operating scenarios.

Cost Threshold: Industry Goal—$450M/Program Threshold—$550M

The acquisition cost threshold is based on the average Navy SCN end costs for the
five follow ships acquired after this demonstration pro-gram, expressed in FY 1998

dollars. The costs of the weapons are not included.

Life Cycle Costs

Industry will be tasked to perform the life cycle cost analyses to demonstrate the
operating and support costs for their Arsenal Ship design over a 20 year life. This will
ensure that the tenets of the program including reduced manning and innovative operating

concepts remain focused on minimizing life cycle costs.

Schedule

The goal of the demonstration program is to have the ship in the water and ready
to start meaningful testing in the year 2000. The program manager will maintain a
detailed schedule toward this end and present the plan for approval by the Steering
Committee. The basic acquisition strategy for this program is to maximize industry
involvement through a competitive multi-phase approach to encourage the maximum

innovation within the limits of the cost thresholds. The Government, through the
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program office, will coordinate with industry to ensure the availability of information that

the industry teams need to make informed trades.

Funding

The cost of the R&D program for this demonstration Arsenal Ship will not exceed
$520 million including the cost of concept development and competition. These funds
will be provided jointly by the Navy and DARPA as follows:

Dollars in Millions

FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001

Navy $4.0 $25.0 $141.0 $90.0 $80.0 $10.0

DARPA $1.0 $15.0 $47.0 $50.0 $36.0 $21.0
The Navy will provide its share of the funds to DARPA at the beginning of each fiscal year.

Roles and Responsibilities

This joint Navy/DARPA demonstration program will be conducted under the
auspices of DARPA’s Section 845 Agreements Authority. DARPA will lead the
demonstration program and will transition the leadership to the Navy in the later stages of

the program, upon mutual agreement of the parties.

The program will be managed by a joint Navy/DARPA program office with the
Program Manager reporting to DARPA. A small program office is envisioned. DARPA,
Naval Sea Systems Command (NAVSEA), and the Office of Naval Research (ONR) will
initially each provide two billets. It is expected that the program office will grow to a

maximum of three billets each as the program grows to maturity.

The Navy shall develop a concept of operations (CONOPS) for the program that
will be reviewed and considered for update as the program develops. The program office
will use the CONOPS to guide the trade studies to be conducted by industry.

The Program Manager will develop a program plan including major decision
milestones, and the development of a program transition plan. The Steering Committee
will approve the initial program plan and thereafter will conduct quarterly reviews to

assess progress and provide guidance to the Program Manager.
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The Steering Committee will be as follows

Director, TTO—DARPA Chairman

Deputy Assistant Secretary of the Navy (DASN, Ships)
Assistant Director, TTO for Maritime Programs—DARPA
Director, Surface Warfare Plans/Programs/Requirements
Branch—OPNAYV (N863)

PEO for Surface Combatants

Office of Naval Research (ONR33)

An Executive Committee consisting of:

will review the program at major decision milestones to evaluate the validity of program

Assistant Secretary of the Navy (RD&A)
Director of Surface Warfare (N86)
Director, DARPA

Commander, NAVSEA

Chief of Naval Research

cost thresholds and provide re-direction as necessary.

Term of Agreement

It is expected that this MOA shall remain in effect for the duration of the
demonstration program. Early termination of the program due to funding unavailability,
lack of legal authority or other reason beyond the control of the parties shall be a basis for

termination of this MOA. Any termination shall be preceded by consultation among the

parties.
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III. THE DEVELOPMENT AND DEPLOYMENT OF PRECISION
GUIDED MUNITIONS (PGMS) FOR STANDOFF ATTACK

Richard H. Van Atta and Ivars Gutmanis

This chapter reviews the major factors that have influenced the development and
deployment of Precision Guided Munitions (PGMs) for use in conventional standoff attack. It
provides background on the technologies and concepts underlying PGMs. Chapters IV and V

discuss disruptive capabilities enabled by PGMs in concert with other systems.

The US DoD Handbook of Military Terms defines PGMs as weapons that use “a seeker
to detect electromagnetic energy reflected from a target...and, through processing, provides
guidance commands to a control system that guides the weapon to the target.” US Army
terminology defines PGMs as “a munition capable of locating, identifying, and maneuvering to
engage a point target with an accuracy sufficient to yield a high probability of destruction.”!
PGMs can be distinguished between those that are delivered by a powered system (a missile or
rocket) versus unpowered (usually a simple bomb). For the purposes of analysis, the following

distinction is most important:

Command-guided weapons are munitions (usually small rockets or bombs) that
are guided to a fixed location by commands given after launch. Commands may
be given based on illumination reflected off the target by an energy source
(usually a laser) or by an internal navigation unit (e.g., GPS or terrain mapping).
In the former case, these weapons usually require the individual designating the
target to do so until it is hit.

Autonomous homing weapons use seekers or sensors to home in on a fixed or
moving target without having to be designated externally. These are sometimes
referred to as “fire and forget” weapons.

As weapons have become more complex with the increasing miniaturization and
integration of electronics, there are emerging weapons that employ multiple types of guidance.
For instance, the GBU-15 TV-guided glide bomb was implemented by simply putting tailfins and
a TV seeker nose on a standard bomb. The AGM-130 turned the GBU-15 into a “stand-off”
missile by adding a rocket booster, and the AGM-130T]J replaced the rocket booster with a small

jet engine, turning the weapon into a cruise missile (Goebel, 2001). The Joint Air to Surface

I TRADOC Pamphlet 525-5 Force XXI Operations, August 1, 1994
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Standoff Missile (JASSM) is a cruise missile that combines GPS/INS guidance with an infrared

seeker; thus, it can be considered, at least partially, to be an autonomously homing PGM.

PGMs also may be distinguished by the type of application: a) air-to-ground; b) ground-
to-ground; c) air-to-air; and d) ground-to-air (“ground” also includes surface ships). PGMs that
are targeted against ground or surface targets can be further categorized as those designed and

deployed against fixed targets and those for mobile targets.

This chapter will not focus on air-to-air or ground-to-air systems because they are
generally short range and used for either defensive or close-in, one-on-one engagement, rather
than standoff attack. It will also not focus on command designated systems that do not use

internal navigation.

FACTORS AFFECTING DEVELOPMENT

Several factors have influenced the research and development, manufacture, and
deployment of PGMs by DoD:

1) The development and deployment of strategic and tactical weapons by potential
enemies. The most significant driver of the US focus on and investment in PGMs
occurred in the late 1960s and early 1970s with the buildup by the USSR of advanced
tactical capabilities in Eastern Europe. More recently, the emergence of several
“rogue states,” such as North Korea or Iraq, with a potential to attack the
United States or areas of interest to the US, represents another example of the impact
of an identified threat on the advancement of US munitions.

2) Experience in foreign military actions by the US and its allies. North Korea’s
invasion of South Korea across the 38th parallel on June 25, 1950 motivated
increasing emphasis and funding by the US for improved munitions and delivery
systems. The 1973 Arab-Isracli War demonstrated the importance and benefits of
advanced munitions and raised debate as to their value in future conflicts.2 Military
operations during Desert Storm and in Kosovo underscored the value of precisions
munitions.3 But perhaps the most significant drivers of the development of PGMs by
the US military were the demonstrated difficulties and frustration with hitting targets
during the Vietham War. On May 10, 1972, two Air Force pilots using their laser-
designated BOLT guided bombs scored a direct hit on the Paul Doumer Bridge in
South Vietnam, resulting in its destruction. Prior to this, the bridge had been bombed

2 James Jay Carafano, “Myth of the Silver Bullet: Contrasting Army-Air Force Perspectives ‘Smart Weapons’
After the 1973 Arab Israeli War and the 1991 Gulf War,” National Security Studies Quarterly, Winter 1998,
pp. 1-20.

3 Nick Cook, “War of Extremes: Never Before Has Air Power Played Such a Central Role in the Conduct and
Outcome of an Entire Conflict,” Jane’s Defense Weekly, July 7, 1999. See also B