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The American Association for the Advancement of Science (AAAS), through its Nuclear

Weapons Complex Assessment Committee, chartered a study in May 2006 to examine the

possible role the Reliable Replacement Warhead (RRW) might play in the future of the U.S.

nuclear weapons program. The study was motivated by concerns expressed by the Depart-

ment of Energy’s National Nuclear Security Administration (DOE/NNSA) and the nuclear

weapons Laboratories that the current Stockpile Stewardship Program (SSP) might be inade-

quate to maintain the nuclear stockpile in the long term, and that the RRW approach could be

the best way to resolve those concerns. These views were similar to those in the Secretary of

Energy Advisory Board Report of July 2005, “Recommendations for the Nuclear Weapons

Complex of the Future.” 

The basic terms of reference for the panel’s study were to assess the degree to which the

implementation of the RRW concept would alleviate possible risks in the existing SSP. Those

risks range from issues with particular weapons systems and the manufacturing complex to

more generic concerns about long-term sustainability. 

The DOE/NNSA and the Laboratories’ specific concerns are as follows: (1) confidence in the

long-term reliability of the weapons may be difficult to maintain without testing because of

aging and changes introduced by refurbishment; (2) the safety and security of the weapons

may not be adequate to meet future standards; (3) maintaining existing weapons may be

more expensive and difficult than manufacturing new ones; and (4) the capability to design

and produce new weapons may have eroded. 

The RRW has been proposed to mitigate these concerns. The intent is to design weapons with

larger performance margins, advanced safety and security features, and easier and less costly

maintenance, and in so doing, reestablish design and production capabilities. The weapons

would not provide new military capability or meet new missions, and the expectation is that

these “more reliable” warheads would allow the Department of Defense (DOD) to reduce its

inactive reserve, which is kept in part to hedge against future technical uncertainties. 

These concerns and claims are what the panel was asked to evaluate. 

To carry out the work, the AAAS assembled a panel of individuals with broad backgrounds

in diverse aspects of the nuclear weapons area. The panel included people who had managed

much of the nuclear weapons complex; former staff from the nuclear weapons Laboratories,
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including three former Laboratory directors; academics in

relevant technical disciplines who are frequent members

of nuclear review committees; and others with expertise in

such fields as nonproliferation and arms control. The panel

was supported by staff from both the AAAS and the Amer-

ican Physical Society.

The panel formally met three times, twice in Washing-

ton, D.C., and once in Livermore, California, to hear pre-

sentations from staff of the DOE/NNSA; the Lawrence Liv-

ermore, Los Alamos, and Sandia National Laboratories;

the DOD; Congress; and others with special expertise in

such areas as arms control. The sessions were unclassified

with the exception of one afternoon in Livermore, and the

focus was on the RRW as an approach; there was no

attempt to evaluate the details of the nuclear designs pro-

posed for the first RRW. 

One difficulty presented throughout the process was that

the RRW program is at an initial stage, and as a result, its risks

were not well defined and virtually no details were available

about its costs, scope, or schedule. Thus, in weighing the

risks of proceeding with an RWW relative to the risks of con-

tinuing on a non-RRW path, the panel members simply used

their individual knowledge and experience to make those

assessments, realizing that a comprehensive determination

would depend on having more information in the future.

This report begins with the panel’s main conclusions,

which pull together many of the specific assessments in

the body of the report. A summary follows, highlighting

the principal points discussed in the body of the report.

Two panel members elected to add brief personal com-

mentaries, which are provided at the end of the report.

Biographies of the panel members, meeting agenda

details, and footnotes are included in the appendixes.
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Stockpile stewardship has satisfactorily maintained U.S. nuclear weapons for nearly 15 years

without nuclear testing. Sustaining this record will require a continuation of the commitment

to the scientific facilities and staff at the National Laboratories and modernization of the pro-

duction complex (whether or not the stockpile includes Reliable Replacement Warheads

[RRWs] in addition to legacy weapons that have undergone life extension programs [LEPs]).

Data on aging are obtained through surveillance of the stockpile and from laboratory stud-

ies, such as the recent work on plutonium. The appearance of age-related defects in the sur-

veillance data on older systems has led some observers to postulate that a “frequent repair”

period may be approaching in the future, but it has not yet been seen. Although the progress

in both experiments and computational modeling in the Stockpile Stewardship Program (SSP)

has been extensive, it is not yet sufficiently mature to predict future aging of the stockpile. The

study of aging will remain largely empirical.

The recent study on plutonium aging indicates that plutonium pits may last considerably

longer than could be inferred from previous data. The lifetimes of pits may be limited by chem-

ical processes, such as corrosion of pit materials. Although these findings imply a longer use-

ful lifetime of pits and warheads, at some point, the United States would have to build or

rebuild warheads and produce certifiable pits if it is to maintain a reliable nuclear arsenal. 

The independent designs for the first RRW could lead to a final design that is certifiable

without a nuclear test. The design for the first proposed RRW is being completed and the

selection of Lawrence Livermore as the lead laboratory for that process was announced on

March 2, 2007. Both the certification of that design and the method of certification, however,

still need to go through a rigorous implementation and demonstration process. 

Although the first RRW could act as a catalyst for modernizing the complex, the process

would present significant challenges. The first RRW is scheduled to be produced in 2012 at

existing facilities that are expected to operate at a much higher level than they have demon-

strated in recent years (especially the pit production facility at Los Alamos). 

The refurbishment of the production complex requires a formal environmental impact process

(per the National Environmental Policy Act), and that process has just begun. The riskiest peri-

od for the complex will be during the next two or more decades when the following activities will

all be taking place at many sites: construction, ongoing surveillance, maintenance, LEPs, and
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potentially building RRWs. Although an RRW-based stock-

pile might make this process easier in terms of the final

complex, it could make the transition more difficult because

of the increased workload associated with building the new

weapons and fixing their possible birth defects. 

The costs associated with continuing refurbishment

almost certainly will add to the Department of Energy’s

National Nuclear Security Administration’s (DOE/NNSA)

budget in the short term, unless the LEPs are significantly

curtailed or other reprioritization takes place. The long-

term savings envisioned for an RRW-based complex will

depend on stockpile size and diversity, the operational

environment, and the demonstrated efficiency of the new

complex. Among these factors a

major reduction in operational

costs has the greatest potential for

savings, but the track record is not

encouraging in that regard.

The full engagement of the DOD

is necessary to set the conditions

under which an RRW can be intro-

duced into the arsenal. This is par-

ticularly important for an RRW that

does not provide a new military

capability or respond to a mission

need. Both the Nuclear Weapons

Council and the Joint Requirements

Oversight Council have endorsed

the RRW concept as an essential first step. The technical

standards, budgeting, and field-testing must now become

an early and coordinated part of a joint planning process

with the DOE/NNSA as it pursues its Complex 2030 vision. 

Because of the above considerations, it is clear that the

success of the proposed RRW program strongly depends

on the engineering and project management skills of the

DOE/NNSA in concert with the DOD. Most of the anticipated

benefits of the program would occur in the long term through

a more effective production complex and more easily main-

tained weapons with enhanced safety and security fea-

tures. In the absence of detailed plans on scope, schedule,

and costs, however, it is not possible to make judgments on

the trade-offs in the weapons and the complex among stock-

piles with varying mixes of legacy and LEP weapons and

RRWs. Such assessments can be made only when stockpile

requirements have been set and cost and schedule predic-

tions have been made in response to those requirements. 

If the RRW and Complex 2030 programs are pursued

along their proposed paths, they will have a number of

international impacts, including concerns regarding non-

proliferation and arms control. Many of those concerns

center on compatibility with the Treaty on the Nonprolifer-

ation of Nuclear Weapons (NPT) and issues such as

whether the RRW is a new weapon. To respond, the United

States should carry out a comprehensive assessment of

those impacts and make a systematic effort to ensure that

foreign perceptions of the programs are consistent with

U.S. intent and its broad national security goals, including

nonproliferation. Engaging the other major nuclear

weapons states and states that depend on the United

States for nuclear deterrence in those discussions would

add credibility and value to the assessment. 

Stockpile stewardship has succeeded politically

because of the dual commitment to a sound nuclear

weapons program and to one that proceeds without

nuclear testing. Congress has provided initial legislation

defining the framework for a potential RRW program.

There are no presidential or cabinet-level statements from

the administration that clearly lay out the role of nuclear

weapons in the post–Cold War, post-9/11 world that make

the case for and define future stockpile needs and that

argue the case for the RRW. Based on experience, there

cannot be a major transformation of the sort envisioned by

the Complex 2030 and RRW programs without greater

White House leadership to produce substantial bipartisan

support. Because the transformation of the nuclear

weapons complex is expected to take 25 years (i.e., sever-

al administrations and a dozen Congresses), a successful

program will almost certainly require an approach that bal-

ances weapons program goals with those of nonprolifera-

tion and arms control.

Thus, there are risks in either long-term outcome—a

stockpile that would be composed of all or mostly RRWs,

or one that would be composed of all or mostly legacy war-

heads—and it is difficult today to weigh the pros and cons.

There are some risks in even starting down a path toward

a stockpile that has some (or many) RRWs. Pursuing the

initial phases of this path could be a prudent hedge

against the uncertainties of an all-legacy future and an

opportunity that might result in the creation of a better

long-term posture. It will be crucial to continually reevalu-

ate the risks, costs, and benefits of these alternative

futures—and to adapt accordingly. 

THE UNITED STATES NUCLEAR WEAPONS PROGRAM4

Pursuing the initial

phases of this path could

be a prudent hedge

against the uncertainties

of an all-legacy future

and an opportunity that

might result in the

creation of a better 

long-term posture.

  



A fundamental question must be answered in developing a long-range plan for the nation’s

nuclear weapons complex. That is, what is the long-term stockpile required by the Depart-

ment of Defense (DOD) and how should the Department of Energy (DOE) size the capability of

its complex to meet those requirements? This issue has not been directly addressed by the

executive branch since the end of the Cold War, and many recent studies (e.g., by the Defense

Science Board) have highlighted the “need for a national consensus on the nature of the need

for and the role of nuclear weapons.” The panel does not try to answer that question here, but

instead uses the Moscow Treaty (an operationally deployed arsenal of 1,700 to 2,200 war-

heads) and the DOE’s current planning guidelines (a manufacturing capability for a little more

than 100 warheads per year) as its baseline numbers. Other important nonproliferation and

arms control issues affect the Reliable Replacement Warhead (RRW) decision, but they are

beyond the scope of the present paper, including what is a “new” weapon; what is the impact

of adding “untested” weapons to the stockpile; and what effect does the RRW plan have on

the Treaty on the Nonproliferation of Nuclear Weapons (NPT), Iran, North Korea, and other

issues? The panel tries to frame the international and national policy issues associated with

the program but does not address the specifics in any detail. 

The panel’s approach was to focus on the basic terms of reference: “To assess the degree

to which implementation of the Reliable Replacement Warhead concept would alleviate pos-

sible risks in the existing stockpile stewardship program.”

The Stockpile Stewardship Program
Since its inception in the early 1990s, the Stockpile Stewardship Program (SSP) has satisfac-

torily met its two major challenges: (1) sustaining the legacy stockpile from the Cold War era,

and (2) doing so without nuclear testing. It has created state-of-the-art technical tools to sur-

veil and assess the nuclear weapons in the stockpile, and it has used these to provide annu-

al certifications of those weapons since 1996. It has been less effective in reestablishing the

production complex necessary to refurbish the legacy weapons, although it has carried out

successful life extension programs (LEPs) for some weapons systems and others are in

process or scheduled for the coming decades. The panel strongly supports continued invest-

ment in the scientific facilities and staff. This investment is essential to maintain the capabili-
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ty to assess and certify weapons without nuclear testing.

A higher near-term priority for the program, however, is to

develop a responsive production complex (i.e., one that

can dismantle, refurbish, or build replacement weapons in

a timely and affordable manner). This is true whether LEPs,

RRWs, or some combination provides the basis for the

future stockpile. 

Unlike the production complex issue, about which there

is a reasonable degree of certainty and consensus, there is

less agreement about long-term confidence in weapon per-

formance. Data on aging are obtained through surveillance

of the stockpile and from laboratory studies, such as the

recent work on plutonium. The appearance of age-related

defects in the surveillance data on older systems has led

some observers to postulate that a “frequent repair” peri-

od may be approaching in the future, but it has not yet

been seen. Although the progress in both experiments and

computational modeling in the SSP has been extensive, it

is not yet sufficiently mature to predict future aging of the

stockpile. The study of aging will remain largely empirical.

The recent study on plutonium aging indicates that pluto-

nium pits may last considerably longer than could be

inferred from previous data. The lifetimes of pits may be lim-

ited by chemical processes, such as corrosion of pit materi-

als. Although these findings imply a longer useful lifetime of

pits and warheads, if the United States is to maintain a reli-

able nuclear arsenal, at some point it would have to build or

rebuild warheads and produce certifiable pits. 

Furthermore, as one looks to the long term, it is possi-

ble that changes introduced by aging or multiple repair

cycles will gradually undermine confidence in the perform-

ance of the weapons in the absence of nuclear testing.

Conversely, continued progress in the understanding of

weapons through the stewardship program may offset this

concern. Maintaining a high-quality technical staff, which

is at the heart of confidence, will be equally daunting

under all circumstances. Special efforts will be required to

ensure competence in weapons activities that reflect

state-of-the-art science, technology, and manufacturing. 

The Reliable Replacement Warhead Program
The RRW concept has been introduced as a means to alle-

viate several perceived difficulties with the current SSP

and LEP, which relate to the characteristics of some of the

current weapons and the production complex. The first dif-

ficulty is that many warhead systems have relatively tight

performance margins, so that aging or other problems

mean more maintenance activities, which can be costly. In

addition, incomplete understanding of all the relevant

phenomena in nuclear weapon performance introduces

uncertainty in assessing the impact of changes that occur

during such repairs. Second, the manufacturing facilities

needed for some of the systems have become technologi-

cally obsolete and environmentally difficult. Third, there is

a general goal to enhance the safety and security (collec-

tively called “surety”) in the weapons systems for their

intrinsic value as well as to reduce operational costs.

The proposed RRW program aims to respond to these

concerns by designing replacement weapons that relax

the high yield-to-weight constraint that dominated the

Cold War stockpile, so that it can meet these reliability,

maintenance, and surety objectives. More generally, it pro-

vides a hedge against perceived uncertainties in long-term

sustainability of the legacy/LEP stockpile. In doing so, the

program provides the basis for a modern production com-

plex that can build and refurbish weapons with greater

reliability and in a more efficient, less costly, and environ-

mentally improved fashion. 

The panel urges a design approach to RRWs that

emphasizes test pedigree and performance margin with

other features being incorporated within that framework.

This should lead to greater confidence in early replace-

ment weapons, as well as enable the customers and Lab-

oratories to more thoroughly explore the trade-offs among

performance, reliability, surety, and manufacturability fea-

tures in later designs. 

The panel advocates independent reviews through the

use of intensive red teams that go beyond the traditional

peer-review activities among current Laboratory design-

ers. In the absence of nuclear testing, every effort should

be made to detect difficulties and flaws with new designs

to avoid the delusion of “greater confidence as one gets

further away from having tested that confidence.” The

panel recommends that red-team reviews be applied to

the non-nuclear areas such as components, production

processes, and integration with the delivery vehicle to

guard against surprise and reduce birth defects. 

The first proposed RRW (called RRW-1) has been under

competitive design by the Lawrence Livermore and Los

Alamos National Laboratories (each teamed with the San-

dia National Laboratory). On March 2, 2007, Lawrence Liv-

ermore was selected as the lead laboratory for the process
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and will now have responsibility for preparing the final

design (with support from Los Alamos). RRW-1 is being

designed to replace some of the W76 warheads carried on

Trident missiles, and, if authorized, the first units are

scheduled for production in 2012. Significantly, this war-

head would have to be produced essentially with the exist-

ing production complex to meet this early date.

The panel finds that the independent designs for RRW-1

prepared by the Laboratories could lead to a final design

that is certifiable without a nuclear test. Both the certifica-

tion method and the certification itself, however, must still

go through a rigorous implementation and demonstration

process. The panel cautions that the design in and of itself

may not lead to many of the conjectured benefits of the

RRW program. 

In addition, although RRW-1 could be a useful catalyst

for “transforming the complex,” it would also present the

production complex with considerable challenges. For

example, the pit production capability at Los Alamos

would have to move from the demonstration stage to

assembly line operation, and the throughput at Pantex

would have to accommodate the production of RRWs as

well as its ongoing dismantlement, surveillance, and LEP

activities. RRW-1 would be the test-bed for the

DOE/NNSA’s ability to carry out a complex program on

budget and on schedule. If RRW-1 is pursued, the panel

recommends that it adopt conservative and realistic goals

and that it let the execution of the project establish credi-

bility and provide data for more innovation in possible

later phases of the RRW program. The panel has concerns

that DOE/NNSA and the Laboratories face the risk of over-

selling the benefits of RRW-1 when many of the RRW pro-

gram goals may be achieved only after years of experience

and demonstrated accomplishment.

Complex 2030
In the fall of 2006, in concert with its effort to begin prepa-

ration of a Supplemental Programmatic Environmental

Impact Statement, the DOE/NNSA publicly released its

thoughts on strategies and planning scenarios for the

future of the nuclear weapons complex. This plan is known

as Complex 2030, and the RRW is an integral part of the

strategy. A focus of the strategy is on Special Nuclear

Materials (SNM) and the objective is to consolidate SNM

at a much smaller number of sites than at present. Other

goals include a general reduction in the size and environ-

mental impact of the manufacturing and testing activities.

The actual stockpile can be determined only by the DOD,

but for planning purposes, the Treaty of Moscow puts the

stockpile at 1,700 to 2,200 operationally deployed strate-

gic weapons, although it is silent on the question of

reserve warheads.

When all factors are included, the DOE/NNSA’s current

estimate is that the complex will be sized to refurbish or

build in excess of 100 weapons per year (and indeed the

Notice of Intent [NOI] indicates a

production capability of 125 pits

per year). These quantities are in

excess of what operating practices

have demonstrated in the last few

years at the major nodes in the

complex, such as Y-12, Pantex, and

TA-55. Legacy weapon mainte-

nance and LEPs, as well as poten-

tial RRWs, must be simultaneously

incorporated for many years in a

comprehensive plan. The initial

steps in this regard are laid out in

the recent Complex 2030 Transfor-

mation Plan. 

The panel believes that the high-

est priority in managing the current

production complex is to increase

the weapon throughput at Pantex,

which must handle dismantlement,

surveillance, and LEPs. The most

important element for the future

complex is a plutonium strategy,

especially if RRWs are to form the

basis for much of the future stockpile. 

No published numbers are available for the predicted

cost, scope, and schedule of work at the production com-

plex through 2030. Simple estimates indicate that a con-

siderable investment will be required to develop a respon-

sive complex, and further expenses would be associated

with the production of RRWs (and fixing their possible

birth defects). There is limited financial flexibility under

the current scenario of a constant NNSA budget. Even with

a reduction in the LEPs (as occurred with the cancellation

of the W80 LEP) significant new funds or major reprioritiza-

tion may be needed. DOE/NNSA indicates it expects to

recover some of these costs through operational savings
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in an RRW-based complex, but these savings are unlikely

to occur before the 2030 period (if then). 

The panel strongly recommends that a cost, schedule,

and scoping plan be developed in parallel with the Nation-

al Environmental Policy Act documentation required for

Complex 2030. It further urges that third-party vetting of

the cost plans, either by outside groups or by a process

such as the Lehman reviews carried out by the DOE Office

of Science, be used to validate the results. It is particularly

important to review the plan as a whole, because problems

at one site can gridlock the entire system. It will be difficult

to manage the renovation of individual sites, but even hard-

er to manage the interfaces when both rebuilding and

nuclear weapons work are taking place simultaneously. 

The Department of Defense
Three different parts of the DOD are involved in nuclear

weapons: the Navy and Air Force that procure and deploy

them; Strategic Command, which would employ them; and

the Office of the Secretary of Defense (OSD), which sets

policy and overall guidance. The DOE/NNSA effort is whol-

ly dependent on the stockpile requirements set by the

DOD in response to national policy—for example, the siz-

ing of the production complex is set by those require-

ments. The DOD must ensure that new warheads undergo

a rigorous regimen of flight and other operational tests. 

The RRW is a particularly unusual situation in that it

does not respond to a new military capability or mission

need, but relaxes the yield- to-weight requirement and

emphasizes other features, such as long-term reliability,

surety features, and ease of maintenance and manufac-

ture. The panel believes that if RRWs are to become signif-

icant elements of the stockpile, the DOD needs to be clear

about which weapon characteristics are most important;

lay out in advance the long-term stockpile size and diver-

sity so that the DOE can size the complex; and engage at

all levels in the planning, budgeting, and testing process

from the beginning of the program. 

Policy, Congress, and the Administration(s)
If the RRW and Complex 2030 programs are pursued along

their proposed paths, they will have a number of interna-

tional impacts, including concerns regarding nonprolifera-

tion and arms control. In particular, some countries could

view the RRW as contrary to both the spirit and letter of the

NPT unless explicit and credible efforts to counter such

assertions are made. To mitigate those concerns, the Unit-

ed States should carry out a comprehensive assessment

of U.S. nuclear weapons policy and the international

impact of that policy, and make a systematic effort to

ensure that this policy is consistent with national security

goals, including nonproliferation. Engaging the other

major nuclear weapons states and states that depend on

the United States for nuclear deterrence in those discus-

sions would add credibility and value to the assessment. 

Congress has supported the initial steps toward an RRW

program, but it has also laid out seven criteria that impose

tight controls on any such program. On December 1, 2006,

the Nuclear Weapons Council endorsed the RRW

approach, and on February 20, 2007 the Joint Require-

ments Oversight Council endorsed the decision to proceed

with the RRW concept. Since the Nuclear Posture Review

of 2001, which redefined the strategic Triad (offense,

defense, and infrastructure), there have been no presiden-

tial or cabinet-level administration statements dealing

with nuclear weapons. In particular, there have been no

policy statements that articulate the role of nuclear

weapons in a post–Cold War and post-9/11 world and lay

out the stockpile needs for the future.

The SSP has enjoyed relatively good bipartisan support,

which has provided facilities and resources that enable it

to do its two jobs: (1) sustain the nuclear deterrent capa-

bility and (2) do so without nuclear testing. This has

allowed it to be relatively neutral in terms of its nonprolif-

eration and arms control policy impacts. The panel

believes that such a balanced approach is crucial if an

RRW-based future is to succeed. 

The panel observes that there have been several plans

to redo the nuclear weapons complex over the years and

none have reached fruition, in part because of their scope

and the long timescale involved. The panel believes that

any plan for the nuclear weapons enterprise must have a

clear rationale and bipartisan basis if it is to be sustained

over 25 years (i.e., through several administrations and a

dozen Congresses). In the absence of this rationale and

support, and perhaps even with it, the plan must build in

decision points and alternatives so that the needs of

future nuclear weapons programs and policies can be met. 
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Soon after the end of the Cold War, the Stockpile Stewardship Program (SSP) was developed

to maintain the safety and reliability of U.S. nuclear weapons without the need for nuclear test-

ing. With the SSP in the middle of its second decade, its successes, difficulties, and future path

have been or are being examined by many groups. These include its proprietor, the Department

of Energy’s National Nuclear Security Administration (DOE/NNSA); the authorizing and appro-

priating committees of Congress; and its direct customer, the Department of Defense (DOD),

specifically the Office of the Secretary of Defense (OSD), Strategic Command (STRATCOM), and

the Navy and the Air Force. It also includes a number of outside reviews, such as those com-

pleted or being carried out by the Secretary of Energy Advisory Board (SEAB) Task Force, the

Government Accountability Office (GAO), the Congressional Research Service (CRS), the Threat

Reduction Advisory Committee (TRAC), JASON (scientific advisors to the DOD), and the Strate-

gic Advisory Group/Stockpile Assessment Team (SAG/SAT), as well as this report sponsored by

the American Association for the Advancement of Science (AAAS).i Each evaluation asks some

form or subset of the following question: Is the SSP providing a safe, credible, and reliable

stockpile of nuclear weapons that is affordable and sustainable? 

The preliminary answer to this query is that SSP has done a satisfactory job and may be able

to support the enduring nuclear weapons stockpile for the foreseeable future. The possibility

has been raised, however, that the risks in some areas may be growing and that changes are

needed in the program. Generally speaking, these risks fall into three categories: technical,

programmatic, and political. Technically, the major issues raised relate to the characteristics of

some weapons systems and to concerns that changes caused by aging or multiple repair cycles

will undermine confidence in weapon performance. Programmatically, inadequacies in the pro-

duction complex translate into questions about whether the existing stockpile can be main-

tained safely, securely, and reliably for the long term. Political risk is driven by the observation

that the projection of the current costs may lead to a need for substantial additional funding,

and that the country may lose interest in supporting a program whose national security role is

not well articulated and, at the same time, is becoming increasingly costly. 

The NNSA’s proposed solutions for addressing and mitigating these risks are as follows: (1)

change the current production complex to improve manufacturing processes and operational

efficiencies, and (2) pursue the Reliable Replacement Warhead (RRW) program, in which a
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new warhead type (and subsequent generations of differ-

ent RRW types) would be manufactured to replace legacy

warheads of the current stockpile. The goals of the RRW

program would be to design for greater long-term reliabil-

ity, for ease of manufacture, and with modern safety and

security features. Thus, in the long

run, its proponents assert an RRW

would be a safer and more secure

warhead, and potentially would

lead to a reduction in funding need-

ed to maintain the U.S. nuclear

weapons stockpile. The RRW pro-

gram could therefore “transform”

both the stockpile and the NNSA

weapon complex to make both bet-

ter suited to future needs. 

In addition to an evaluation of

the RRW proposal in comparison with the present SSP,

the panel was cognizant of a more fundamental question:

What is the long-term stockpile required by the DOD and

how should the DOE size the capability of its complex to

meet those requirements? This issue has not been direct-

ly addressed by the executive branch since the end of the

Cold War, and many recent studies (e.g., by the Defense

Science Board) have highlighted the “need for a national

consensus on the nature of the need for and the role of

nuclear weapons.” The panel does not try to answer that

question here, but instead uses the Moscow Treaty (an

operationally deployed arsenal of 1,700 to 2,200 war-

heads) and DOE’s current planning guidelines (a manu-

facturing capability of a little more than 100 warheads per

year) as its baseline numbers. Many nonproliferation and

arms control issues are beyond the scope of the present

paper, including what is a “new” weapon; what is the

impact of adding “untested” weapons to the stockpile;

and what effect does the RRW plan have on the Treaty on

the Nonproliferation of Nuclear Weapons (NPT), Iran,

North Korea, and other issues? The panel tries to frame

the international and national policy issues associated

with the program but does not address the specifics in

any detail. 

The panel took the approach of first learning about the

status of the SSP and the RRW from the active participants

in the program and then using its collective experience to

judge the credibility and value of various options. All mem-

bers of the group have been involved in the technical work,

management, or review of nuclear weapons activities,

most for several decades. Some are still working with the

NNSA or the weapons Laboratories in consultant roles,

and some are part of other review mechanisms. As a

group, the panel’s collective focus has been to examine

the risks and benefits in the various alternative futures.
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During the Cold War, nuclear weapons entered the stockpile through a sequence of design,

test, and build; the stockpiled weapons were then periodically evaluated, altered, and even-

tually retired. A new warhead type was introduced into the stockpile (i.e., carried through the

design, testing, and production sequence) every year or two, and there were generally sever-

al in the “pipeline” at any one time. New nuclear warheads were designed in direct response

to military requirements or were driven by technological possibilities that were then adopted

by the military. These new nuclear explosive designs were simulated in great detail using com-

puters and laboratory-scale experiments and then tested in integral full-scale nuclear explo-

sive experiments. Once a design type had been accepted by the military (typically after a com-

petition between the two design laboratories), it was engineered for the intended application

and manufactured by the production complex at which various sites made the different com-

ponents that were shipped to the final assembly plants. Typically, a warhead would remain in

the active stockpile for around 20 years, although some were retired much earlier and others

remained well beyond that nominal figure. The weapons in stockpile were surveilled,

assessed (sometimes with nuclear tests), and occasionally refurbished, but the program was

dominated by the frequent introduction of new designs and the retirement of old ones.

Nuclear testing and new warhead design and production ceased altogether following the

end of the Cold War (the last U.S. test was on September 23, 1992), and no new designs have

been introduced into the stockpile since the W88 in 1989. A number of the manufacturing

plants were closed down for economic, safety, or environmental reasons. Most notable was

the closure of the Rocky Flats plant in Colorado where all modern plutonium pits were man-

ufactured. The overall budget for the nuclear weapons program declined substantially, and

only the substitution of technology transfer for weapons work and funding by other agencies

and other parts of the DOE allowed the Laboratories to avoid major reductions in staff. In

1993, the Stockpile Stewardship Program (SSP) was created with a goal of maintaining the

safety and reliability of the existing stockpile without the need for nuclear testing. This pro-

gram became the centerpiece of the nuclear weapons program following the signing of the

Comprehensive Test Ban Treaty (CTBT) in 1996. The SSP was founded on the belief that these

goals could be achieved by preserving and reinvigorating the intellectual base of the Labora-

tories; employing an array of advanced computers, modeling approaches, and experimental
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techniques; and implementing a more comprehensive

stockpile surveillance program. 

The SSP replaced the predominant design-test-build

sequence of the Cold War with a sequence focused on sur-

veying, assessing, and refurbishing the stockpile, along with

a vigorous scientific program to gain a better understanding

of nuclear weapons in the absence

of nuclear testing. The DOE and its

predecessor agencies had always

supported a formal stockpile sur-

veillance program to examine the

condition of nuclear weapons in the

U.S. stockpile, but with the end of

nuclear testing, new Laboratory

tools were needed to support stock-

pile surveillance. The SSP continued

the existing surveillance program by

systematically inspecting samples

of each of the nine kinds of war-

heads in the active stockpile on an

annual basis, which included labora-

tory inspection and destructive test-

ing of a small number of nuclear

components. Any issue found dur-

ing this surveillance (e.g., aging

problems such as cracks or corro-

sion) would be assessed for its

impact on safety and reliability using

a new family of supercomputer

codes and new laboratory facilities.

Problems would be corrected by

refurbishment of the warhead using

the production complex. Further-

more, a schedule of systematic maintenance and upgrading

would be instituted. In this Life Extension Program (LEP),

each warhead type would be refurbished on a scheduled

basis to ensure the long-term health of the stockpile and

more cost-efficient workload balancing within the complex.

The most problematic part of the surveillance and LEP was

the plutonium pit, because it could not be tested to demon-

strate nuclear performance.

A major part of the SSP was an effort to better under-

stand the science involved in nuclear explosions. The

objective was to reduce uncertainties so that the level of

confidence in assessment of weapon performance would

be comparable with what was once achieved with a com-

bination of computer calculations, non-nuclear experi-

ments, and nuclear tests, but now without nuclear tests.

Ultimately, this led to QMU (Quantification of Margins and

Uncertainties), a systematic way of evaluating the per-

formance margin of the nuclear warhead. As long as the

margin was large compared with the technical uncertain-

ties, there should be confidence in the nuclear perform-

ance of the warhead. 

The SSP took several years to develop on both a techni-

cal and budgetary basis. By 1995, however, the nuclear

weapons Laboratories had informed President Bill Clinton

that it was likely they could maintain the stockpile in the

SSP without nuclear testing, and he asked the Senate to

approve the CTBT. In return, he agreed that a necessary

condition for success was the vitality of the three weapons

Laboratories, and he also put important safeguards into

the language requesting Senate approval of the treaty.

Although the Senate did not ratify the CTBT, there has

nonetheless been a de facto ban on testing for nearly 15

years. The (increasing) SSP budgets have been funded by

several Congresses and two administrations (albeit not

without some difficulty), and a critical ingredient has been

the relatively bipartisan support of the SSP concept.

More than a decade after its inception, the SSP has a

body of substantial achievements. It has made significant

advances in the basic science of nuclear weapons perform-

ance and the properties of nuclear explosive materials;

developed and certified new processes for manufacturing

plutonium pits (although this is just now reaching the

operational phase); and established, vetted, and applied

on an annual basis a systematic process of assessment of

the U.S. nuclear stockpile. These achievements were pos-

sible because SSP challenged and rejuvenated the techni-

cal personnel in the Laboratories associated with the

nuclear weapons program and supplied the staff with the

resources and facilities needed to do their new job. In par-

ticular, SSP built the world’s greatest supercomputing

capability and applied it successfully to understand and

mitigate stockpile issues. It has constructed, or is in the

process of constructing, state-of-the-art laboratory facili-

ties, including (1) the National Ignition Facility (NIF); (2) the

Dual Axis Radiographic Hydrodynamic Test Facility

(DARHT); (3) Z, a Sandia National Laboratory machine

designed to study fusion; (4) and a subcritical experiments

capability at the Nevada Test Site (NTS). These facilities

provide new insights into weapons science and weapon
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performance. It has used these new tools to resolve many

issues from earlier tests and to teach a new generation of

scientists about the stockpile and nuclear design. New

surveillance diagnostics have been developed and used in

the annual evaluation process. The LEPs for the W87 have

been carried out, the program for the W76 is well under

way, and others have begun or are scheduled to begin in

FY2009. Most important, since 1996, the Laboratory direc-

tors and the commander of STRATCOM have had the tech-

nical and institutional tools needed to annually assess for

the DOE and the DOD whether the stockpile is safe and

reliable without nuclear testing. 

Why, then, is there concern about the future of the SSP?

There are two central issues: (1) lack of weapon production

complex efficiency and capability; and (2) uncertainty

about the ability to maintain confidence in weapon per-

formance without nuclear testing, as weapons age, as

multiple changes are introduced through LEP refurbish-

ments, and as changes in assessed performance occur

because of improved scientific understanding. 

There is strong consensus that a major shortcoming is

the lack of a responsive production complex (i.e., one that

can dismantle, refurbish, or build new weapons in a time-

ly and affordable manner). Some capabilities have been

restored, but the uranium work at Y-12, the weapons

throughput at Pantex, and the pit production capability at

Los Alamos are not yet at the desired levels. Many factors

contribute to this, including aging facilities that, in many

instances, are more than 50 years old; lack of resources

and prioritization to invest in replacing or modernizing

those facilities; and more stringent safety and security

requirements that have greatly increased the cost of doing

business, made efficiency more difficult to achieve, and

made the operational environment a more difficult one

within which to carry out work. 

Unlike the production issue, about which there is a rea-

sonable degree of certainty and consensus, there is less

agreement about long-term confidence in weapon perform-

ance. A major question concerns the issue of aging and its

impact on performance margins. An analogy for lifetime

issues has been proposed: like any manufactured product

(e.g., cars), there is a “bathtub curve” in which a number of

birth defects gradually reveal themselves over the first few

years of a product’s life (some because of bad design, some

because of imperfect production), then a relatively quies-

cent period when the gadget is trouble free, and eventual-

ly an aging defects period in which various parts begin to

wear out and need to be fixed or replaced on a frequent

basis. In the nuclear weapons world, observations of

defects of any kind are referred to as findings (among

which there are significant findings), and a chart of these

over the years is a good indicator of the progress of war-

heads through their life cycle. These findings through 1995

are documented in a Sandia report, and recently, this report

was partially updated. No sharp “frequent repair” upturn

has been seen in the data in these reports, although there

have been age-related findings, particularly in the older

systems, which have led to speculation that the onset of

the postulated increase curve could occur in the not-too-

distant future. 

In general, most of these age-

related findings are due to the

more numerous non-nuclear parts

of the warhead system. These

parts are relatively easily tested

and fixed in the sense that they do

not require nuclear testing. But

some significant findings involving

nuclear and non-nuclear parts are

potentially more serious, because

they raise questions about

whether the findings can be

assessed without nuclear testing

and because remediation may

require cycling through the full production complex with

all the concerns described above. For example, recent

plutonium aging data show that the properties of plutoni-

um metal change very slowly because of radioactive

decay with minimum plutonium lifetimes approaching a

century.ii Consequently, chemical processes (e.g., corro-

sion of pit materials) rather than radioactive properties

will determine the lifetime of pits in most systems. In any

case, pits probably will need to be replaced at some

point, and it is unclear whether the projected capability

will be adequate. Changes have been observed in other

parts of the physics package that may eventually require

repair. Furthermore, as one looks to the future, it is possi-

ble that, even with a functioning production complex,

changes introduced by aging and frequent repairs will, in

the absence of nuclear testing, gradually undermine con-

fidence in the reliable performance of the weapon

(although progress in the SSP could offset this trend). 
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Finally, there is the matter of the overall makeup and

deterrent characteristics of the stockpile. Currently, there

are nine systems in the combined deployed and reserve

stockpile: two submarine launched

ballistic missile (SLBMs) (the W76

and the W88); three intercontinen-

tal ballistic missiles (ICBMs) (the

W62, which is scheduled for retire-

ment, the W78, and the W87); two

aircraft-delivered bombs (various

versions of the B61 and the B83);

and two cruise missiles (the W80

and the reserve-only W84). Built up

during the Cold War, this strategic

stockpile was primarily designed to

maximize the yield-to-weight ratio

in the warheads and to act as a

deterrent to the former Soviet

Union. Although the actual numbers of nuclear weapons

and delivery systems have been greatly reduced since the

end of the Cold War, the deterrent character of the stock-

pile remains similar to that during the Cold War. It may

become less clear how this stockpile relates to U.S. preem-

inent security objectives in the post-9/11 era, especially

given the successful development of non-nuclear preci-

sion strike weapons. Accordingly, some military planners

want to develop nuclear warhead options (e.g., lower-yield

weapons) that could play a more active role in national

security discussions, although Congress has opposed con-

sideration of “new missions” for the stockpile. A critical

question, then, that has not yet been addressed by Con-

gress, NNSA, DOD, or any other group remains. This is,

what is the long-term stockpile required by the DOD and

how should the DOE size the capability of its complex to

match those requirements? Indeed, this question rein-

forces STRATCOM Commander General James Cartwright’s

call for a national “debate on the role of nuclear weapons

within the context of the current global environment … [to]

build a long term nuclear investment plan suited to nation-

al security goals.”iii
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The Reliable Replacement Warhead (RRW) concept has been proposed as a means of allevi-

ating many of the perceived risks associated with the SSP (or perhaps as a hedge against

them). As generally envisioned, the RRW approach would (1) reduce emphasis on the yield-to-

weight criterion used during the Cold War to obtain adequate yield to weight and thus provide

enhanced performance margins of the nuclear part of the warhead; (2) allow for more repro-

ducible and easier manufacturing using less toxic materials and more modern processes; (3)

result in improved safety and security; and (4) provide greater flexibility in design to meet

future needs. If these goals were all met, the product is conjectured to be a warhead system

with comparable military effectiveness and higher long-term reliability relative to its legacy

predecessor and a modernized and consolidated production complex with fewer sites. Addi-

tionally, the product would have reduced processing and transportation costs because of

changes in safety and security practices enabled by the new surety features.

Each of these attributes is enabled by a set of technological advances. The most important

change is the relaxation of the yield-to-weight criterion that dominated Cold War design. Once

that extra freedom provided by relaxed criteria is available to the designer, it can be used for

higher performance margins, surety features, different materials, or ease of maintenance and

manufacture. Because all of these features can be simultaneously optimized, a major decision

for any new design will be which of them to emphasize. The rich nuclear test history (more

than 1,000 tests) will provide opportunities to use a tested component (e.g., the primary) as

part of the “new” design and thus ensure that the nuclear performance features are bounded

by successful past nuclear tests. And, the tools and understanding developed in the SSP pro-

vide an additional basis for confidence in the credibility of the design. 

The RRW concept was first articulated in its present form a few years ago by the Labora-

tories. After considerable discussion, in 2005, the Nuclear Weapon Council authorized a

joint DOD/DOE study of specific RRW designs, and established an RRW Project Officers

Group (POG) to advance this idea. Central to the study was a design competition between

a New Mexico team (Los Alamos and Sandia Albuquerque) and a California team (Lawrence

Livermore and Sandia California) to produce an RRW design for a warhead that could fit in

three different missile reentry bodies and that met the other general requirements

described above. 
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This competition resulted in two such designs with

some variants in the details. On March 2, 2007, Lawrence

Livermore was selected as the lead laboratory for the

process, and it now has responsibility for preparing the

final design (with support from Los Alamos). Simultane-

ously, studies will be undertaken to develop the program

definition and cost estimates for the project. Preparations

would then ensue to enter full-scale engineering design of

the new warhead with a scheduled initial operational

capability date of 2012. 

So far, the design has been for a particular warhead,

called the RRW-1, and is intended to replace some of the

W76s. Many of the posited advantages of the RRW

approach could accrue as more types of RRWs might be

added to the stockpile in coming years and perhaps

decades, replacing legacy weapons and curtailing the need

for continuing LEPs. It could well be that a mix of RRWs and

legacy weapons would provide the lowest risk and most

cost-effective future stockpile. But plans for possible future

stockpiles using various mixes and evolutions of RRW and

legacy weapons have not yet been completed. Thus, in par-

allel with decisions and progress on RRW-1, the DOD would

develop a stockpile plan for the coming decades, and the

DOE would prepare a plan to replace its current Program of

Record with one that gradually replaces the LEPs on existing

systems by involving RRWs of various kinds. This program

would entail the development and public airing of a Supple-

ment to the 1996 Stockpile Stewardship and Management

Programmatic Environmental Impact Statement (PEIS) that

described all the changes and future configuration for each

of its sites. Concurrently, but not as a National Environmen-

tal Policy Act (NEPA) requirement, the DOE would develop a

budget to reflect both the investments and operating costs

expected at each of the laboratory sites in New Mexico and

California and the appropriate production sites. 

Finally, the administration will need to incorporate these

plans (and costs) in its annual budget submission to Con-

gress. To date, Congress has offered cautious support for

the RRW concept, and legislation has set stringent condi-

tions for the program to satisfy. In addition to the proper-

ties described above, the legislation specifically requires

that the RRW be designed and built to reduce the likeli-

hood of nuclear testing (compared with the existing stock-

pile), lead to a smaller stockpile, fulfill only current mission

requirements, contain improved surety attributes, and

save money, at least on a life-cycle basis.iv
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The panel held three meetings. The first and third meetings were held at the American Asso-

ciation for the Advancement of Science in Washington, D.C., on May 31–June 1, 2006, and

October 24–25, 2006. The second meeting was held at the Lawrence Livermore National Lab-

oratory in California on August 10–11, 2006. Participants heard briefings by a number of NNSA

officials, design team leaders and members, other speakers from the three nuclear Laborato-

ries, individuals with special nuclear expertise, people with long histories in the arms control

field, officials from the DOD, and staff from Congress. Other primary sources included the

SEAB report issued in October 2005, the GAO report released in April 2006, the Defense Sci-

ences Board (DSB) study on Nuclear Capabilities, reports from the CRS, and the testimony of

NNSA officials, especially that of the deputy administrator for defense programs, on April 5,

2006.v Several of the panel’s members served on the DSB, others are and will be part of a

planned JASON (scientific advisors to the DOD) review, some are on the University of Califor-

nia National Security Panel, and others serve on the TRAC (the advisory committee for the

Office of the Under Secretary of Defense for Acquisition and Technology [OSD/AT&L]), and the

STRATCOM SAG/SAT. The presentations were unclassified except for one classified session,

which was held at Livermore to probe more deeply into some of the design and testing issues. 

The basic terms of reference for the panel’s study were to assess the degree to which the

implementation of the RRW concept would alleviate possible risks in the SSP. A difficulty

throughout the process was that the RRW program was in an early stage, which meant that its

risks were not well defined and virtually no details were yet available about its costs, sched-

ules, and scope. Thus, in weighing the risks of proceeding with an RRW program relative to

the risks of continuing on a non-RRW path, the panel members relied on their individual

knowledge and experience to make those assessments, realizing that a comprehensive deter-

mination would depend on having much more information in the future. 

The RRW-1 Design
The Laboratories invested substantial technical and management effort in preparing their RRW-

1 designs and that was apparent in their briefings to the panel. Each team made use of the SSP

tools developed over the past decade as well as archival knowledge of testing history. Both

teams were cognizant of the legislative requirements, including the use of materials that may
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be restricted for environmental or safety reasons in future

manufacturing processes. The panel did not examine the

technical details of the designs in depth, as JASON, the

SAG/SAT, and perhaps others will review them as the

designs reach their later stages. The panel is concerned,

however, that the teams were overly ambitious in their goal

of “transforming the complex” at the expense of conser-

vatism in design to ensure that RRW-1 can be certified and

produced. Because continuing certification will inevitably

be a worry in the long term (when no living memory of the

test era is available), the panel

believes that the earliest RRW con-

cepts should put a transparent and

strong emphasis on nuclear test

pedigree and margin to alleviate

any worries about excessive

reliance on computer modeling. The

more solidly the RRW-1 design is

grounded in test history, and the

larger its predicted margin, the more likely it will be that it

can be deployed without testing. 

Those features must be balanced against the other

potential benefits offered by the RRW-1 designs. The DOD

will have one set of priorities, stakeholders interested pri-

marily in modernizing the complex will focus on that objec-

tive, and others may wish to emphasize surety features.

How these criteria are weighted will depend on the needs

of the time and will depend on what is technically possible. 

The panel believes that an independent review of the final

design is a necessary and critical contribution to confidence

in the process (in addition to the Laboratories red-teaming

each other). One possibility is to use formal outside groups,

such as JASON or the SAG/SAT, to perform such an assess-

ment. Another approach is to use a mix of retired weapon

designers, new weapons scientists at the Laboratories, and

other Laboratory experts not involved in the design to carry

out the evaluation. This offers the additional benefits of

automatically incorporating nuclear test knowledge as well

as educating and training new staff—and it may be one of

the best ways to uncover the “unknown unknowns” that are

always worrisome in a new design. 

A continuing concern was that the design teams risk over-

selling the program by attempting to invoke a long list of

promised benefits that might accrue to the overall program

and complex, beyond those of the specific RRW-1 design,

including cost savings, reduced likelihood of testing, more

responsive infrastructure, ease of certification, greater confi-

dence in reliability, reduction in the size of the stockpile, and

increased safety. Although each of these is part of the over-

all RRW concept and these claimed benefits are desirable,

the extent to which they might accrue over the long term is

uncertain without detailed plans and comparisons, and with-

out continuing experience derived from specific applications.

Substantial caution is appropriate because some of these

potential benefits are beyond the control of the Laboratories,

for many there is little historical precedent, and they may not

emerge as quickly or completely as advertised. Most impor-

tant, even with an RRW program, much of the legacy stock-

pile most likely will have to be sustained for decades.

––––––––––––––––

• finding: The independent designs for RRW-1 prepared by

the Laboratories could lead to a final selected design

that is certifiable without a nuclear test. Both the certifi-

cation method and the certification itself, however, must

still go through a rigorous implementation and demon-

stration process. In addition, we have serious concerns

that the design in and of itself may not lead to all of the

claimed benefits of the RRW program. 

• recommendation: The Laboratories and the NNSA

should take any final RRW-1 design through the same

sequence that is applied to the annual stockpile certifi-

cation and should incorporate other features that explic-

itly deal with the “nontested” nature of the proposed

warhead. In addition, we strongly recommend that an

independent group be established to provide a red-team

evaluation of any new designs and that this critical

review process be broader and more intensive than the

traditional inter-Laboratory peer review. 

• recommendation: The NNSA and the Laboratories should

avoid claiming longer-term benefits of RRW-1 (and RRW, in

general) to the overall stockpile and to the complex as fea-

sible until the analysis and work to justify those conclu-

sions has been carried out and independently reviewed.

––––––––––––––––

The Production Complex
Before commenting on individual elements of the com-

plex, a simple analysis helps size the problem. Consider a

hypothetical stockpile of 2,500 weapons (counting both

deployed and reserve weapons) and assume a functional
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lifetime of 25 to 50 years per warhead. After that time, the

warhead either has to undergo life extension or replace-

ment by a new warhead. For a stockpile composed of both

legacy weapons and RRWs, this means producing 50 to

100 sets of warhead components per year, on average,

even if no significant birth defects, early aging defects, or

common-mode failures occur. Given the unknowns about

weapon aging, and possible DOD preference for a higher

peak replacement capability as a condition of going to a

much smaller stockpile, it is estimated that the NNSA will

target LEP and RRW production rates in excess of 100

weapons per year (and, indeed, the 2030 Complex

described in the NNSA Notice of Intent indicates a produc-

tion capability of 125 pits per year). 

If the existing stockpile were to be reduced to the 2,500-

unit level in 25 years, Pantex assembly and disassembly

capacity would have to be much greater than the 100 LEP

or RRW weapons per year it currently handles. This addi-

tional capacity will be needed to handle the backlog and

dismantling of excess weapons that would be required to

get down to the targeted 2,500 weapon-stockpile level

and to meet the annual surveillance requirements. Pantex

assembly and disassembly capacity would have to aver-

age at least a few hundred weapons per year throughout

the 25-year period. For an all-RRW stockpile, this corre-

sponds to an even greater workload because every new

warhead will be accompanied by a dismantlement. In

short, the steady-state throughput capability in the com-

plex needs to be on the order of a couple of hundred units

per year for stockpiles on the order of 2,500 weapons. A

key point is that, even with an RRW program, the legacy

stockpile will most likely have to be sustained for decades.

These quantities are in excess of what operating practices

have demonstrated in the last few years at the major nodes

in the complex, including Y-12, Pantex, and TA-55. Regard-

less of whether the stockpile is the current legacy-based

one with scheduled LEPs, an all-RRW stockpile in some dis-

tant future, or something in between, a credible plan is

needed to create a responsive infrastructure that can meet

the minimum numbers given above. A potential additional

complication is that the RRWs may also experience “birth

defects” in design, manufacturing, and so on, thus adding

their repair to the workload on the complex. This could be

especially important in the case of non-nuclear components

that are almost certain to be redone with modern, but new,

mechanical and electrical components.

The panel heard no quantitative analysis that enhanced

surety features in the RRW designs would be sufficient to

substantially reduce the current reliance on guns, guards,

and gates for the security that governs the work in most

parts of the complex and that drives costs up and through-

put down. Equally demanding is the development of a plan

that can incorporate both RRWs and legacy systems over

the next 25 years, while simultaneously achieving the mod-

ernization of the manufacturing processes. This is particu-

larly stressing for plutonium pit manufacturing because the

current Los Alamos production capacity is significantly

lower than the required 100 units per year and the expected

lead time for any new pit production facility is 15 to 20 years.

––––––––––––––––

• finding: The existing complex has not been meeting cur-

rent weapon requirements, and it is unlikely to have the

necessary capacity to execute the Complex 2030vi vision

without substantial changes in NNSA investment strategy

and operating practices. The two most critical path items in

the complex are changes at Pantex to accommodate the

weapons throughput necessary for a reasonable range of

stockpile options and the development of a plutonium

strategy that can produce pits in reasonable quantities on

a timely basis. These items are needed whether or not an

RRW is an integral part of the plan because a responsive

production complex is also needed for an LEP-based stock-

pile. The RRW approach could be an enabling factor in

helping to resolve some of these issues, but it would also

create challenges because of the higher production rates

during the transition period when both LEPS and RRWs

have to be processed. Most important, the first RRW would

be built essentially with the existing production complex.

• recommendation: The development of an acceptable plu-

tonium strategy should be the highest priority in planning

the future production complex, especially if the RRW con-

cept is to be the basis for much of the stockpile. And,

although RRW pits may turn out easier to build than legacy

pits, the capability and capacity to produce legacy pits can-

not be ignored. The highest priority in managing the current

production complex is to increase the weapon throughput

capability at Pantex. An RRW might make things a bit easi-

er, but a large number of legacy weapons will still need

LEPs, dismantlement, and surveillance before an all-RRW

stockpile could be achieved. Potential safety and security

benefits of RRW will need to be vetted through the
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DOE/NNSA internal and external regulators, but potential

savings are likely to be overwhelmed by the need to deal

with the legacy stockpile through the year 2030.

––––––––––––––––

Pits
As indicated above, plutonium pit manufacturing repre-

sents one of the key challenges of the SSP. The ability to

remanufacture new plutonium pits or extend the lifetimes

of existing pits is crucial to defining the requirements for

the future production complex. Life extension of plutoni-

um pits depends on plutonium aging and on the aging of

other pit materials. Plutonium can age by mechanisms

similar to other metals—that is, by surface corrosion or by

metallurgical changes. In addition, plutonium is suscepti-

ble to self-irradiation damage because of its alpha decay. 

One of the most important contributions of science-based

stockpile stewardship over the past decade has been a

greatly increased understanding of the effects of self-irradia-

tion damage on the structure and properties of plutonium

alloys. The modeling efforts at the Lawrence Livermore and

Los Alamos Laboratories have improved theoretical under-

standing immensely. Experimental studies with naturally

aged material and on materials in which aging effects are

accelerated by the addition of Pu-238 have greatly enhanced

basic understanding of aging effects in plutonium. A recent

review by JASON of an evaluation of plutonium pit lifetimes

by the Laboratories, and accepted by the DOE/NNSA, con-

cludes, “The assessment demonstrates that there is no

degradation in performance of primaries of stockpile sys-

tems due to plutonium aging that would be cause for near-

term concern regarding their safety and reliability. Most pri-

mary types have credible minimum lifetimes in excess of 100

years as regards aging of plutonium; those with assessed

minimum lifetimes of 100 years or less have clear mitigation

paths that are proposed and/or being implemented.”

The second path to deal with an aging stockpile is to

remanufacture. Although the blueprints of existing system

are readily available, it is only recently that certified pits

could again be produced in the United States because of

the closure of the plutonium production facility at Rocky

Flats in June 1989. The pit production capabilities have

been painstakingly reestablished at TA-55 during the past

10 years. For a variety of reasons, the production equip-

ment has changed, although previous production experi-

ence was tapped into while reestablishing production. One

frequently cited concern is that pits are produced at Los

Alamos by a cast process instead of the wrought process

that had been used at Rocky Flats. There is, however, an

accepted test pedigree for cast pits. The decision to use the

casting process was made for two reasons: (1) the expense

and difficulty of installing the necessary equipment for

wrought processing at TA-55 and (2) the wrought process

was difficult to reproduce. Designers concluded, however,

that a sufficient test pedigree for cast pits existed to allow

the certification. Other process changes implemented at

Los Alamos were rigorously examined and judged accept-

able. Extensive laboratory and subcritical tests were con-

ducted to justify certification. 

Although the RRW offers potential advantages in terms

of pit robustness and manufacturability, it does not by

itself address a major concern about plutonium manufac-

turing. Over the past 15 years, continually increasing regu-

latory restrictions, compounded by operational measures

to adhere to those regulations adopted by the NNSA and

the Laboratories, have increased the challenges of sus-

taining activities at the plutonium facilities and have

resulted in an increase in the cost of operations. Concerns

have been expressed that these operating challenges

make it difficult to attract and retain top-quality scientists,

engineers, and technicians to the plutonium facilities. 

Finally, there are several areas of plutonium research

and engineering practice that could become part of the

future plutonium strategy. Pit reuse, for example, could

be a potential option for RRWs and, if adopted, could

lower the requirements for a pit manufacturing facility. It

has also been notedviii that the historical alloy used in pits

was not optimized for stability, but rather for yield-to-

weight requirements. This has led to concern about the

stability of the plutonium phases retained by alloying plu-

tonium with gallium. The expressed concern is that these

concentrations are close to an “engineering cliff” in the
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stability of some pit designs. Thus, alternative alloy com-

positions that enhance stability could now be considered

consistent with the relaxed yield-to-weight requirements

of an RRW design.

––––––––––––––––

• finding: Plutonium pit production and lifetime extension

both pose some of the most serious challenges to stock-

pile stewardship, with or without an RRW. Remanufactur-

ing and certification of current pits in new production

facilities is challenging because of the changes in the

regulatory environment for plutonium operations.

Results to date on plutonium aging are encouraging and

offer the possibility that expanding the capability to

remanufacture pit types does not require an expedited

process, but rather one that can be planned and imple-

mented on the same timescale as the overall upgrades of

the production complex. 

• recommendation: A continuing, focused program to

study plutonium aging for the various pit types is impera-

tive. Such studies should include both naturally aged plu-

tonium pits and accelerated aging plutonium samples. It

will be particularly important to conduct studies on the

chemical and engineering processes that are now also

among the limiting factors that determine pit lifetimes. All

pit lifetime extensions should be taken through a certifica-

tion methodology as rigorous as that employed for reman-

ufactured or new pits. And, with or without the RRW pro-

gram, it is critical for the DOE/NNSA to ensure that the

productivity and operability of the nation’s plutonium

facilities are in line with U.S. national security needs. 

––––––––––––––––

Confidence
The issue of confidence is at the heart of any major deci-

sions with regard to the nuclear weapons stockpile. Before

the endorsement of the SSP, a confidence conference was

held in 1995 at STRATCOM to debate the matter with all

members of the nuclear weapons community. The decision

to proceed with SSP without testing was tense and com-

plex. More than a decade later, the efforts expended in the

Laboratories and in parts of the complex have provided a

substantial measure of confidence in the safety and relia-

bility of weapons, although there has been no nuclear test-

ing. This increased confidence has been due, in part, to the

much greater understanding of stockpile science acquired

in this last decade and, in part, to the work of the surveil-

lance and refurbishment programs. 

These latter activities have been reflected in the thor-

oughness and rigor that has accompanied the annual

certification process carried out by the Laboratories and

STRATCOM. Each system is examined in detail, each find-

ing assessed, and multiple levels of review are carried

out. As noted earlier, however, the panel believes that

confidence would be further enhanced by establishing

an independent red-team process

that goes beyond the intra- and

inter-Laboratory review activities.

This will be even more important if

RRWs are introduced into a stock-

pile for which the same level of

test history is not necessarily pres-

ent and the use of a nuclear test is

not available to resolve an unex-

pected finding. 

Even with these measures, some have concerns that the

long-term maintenance of the legacy stockpile still has

substantial uncertainties because of aging or multiple

refurbishments. From that perspective, the development

of the RRW option could serve as an effective hedge

against those uncertainties. On the other hand, if the RRW

process is repeated multiple times into the future, similar

issues about those new designs will occur. There is no per-

fect recipe for “manufacturing confidence” and a future

approach that provides a mixed approach may well repre-

sent the best of various alternatives. 

A continuing confidence issue will be the quality of the

people doing the work. New technical staff have been

recruited to the program and trained on the new tools and

have been educated in the history of the weapons and the

overall program. Although life extension is not equivalent

to executing a new design, it nonetheless employs many

of the same tools, processes, and disciplines. New

designs and designers will need the same immersion in

nuclear weapons testing history to ensure they do not

stray too far from past testing history. Maintaining staff

composed of first-class technical people over a space of

decades will always be a challenge whether the stockpile

consists of legacy weapons or RRWs, and there are no

simple recipes to ensure enthusiasm and high quality

over the long term. Full engagement with stewardship

tools for diverse scientific purposes will be equally impor-
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tant as life extension and new design as mechanisms to

ensure the vitality of staff. 

––––––––––––––––

• finding: The legacy systems and their LEPs have helped

to maintain confidence in the stockpile by reducing

changes to their tested configurations; eliminating

defects from the systems; establishing and vetting

assessment, certification, and LEP procedures; and devel-

oping and certifying key remanufacturing procedures.

• recommendation: RRWs should be encouraged to fol-

low a similar route of excellent test pedigree while using

the new tools of SSP to achieve higher margins and other

desirable features. As in a previous recommendation, we

urge the establishment of an independent red-team

review to provide an additional layer of confidence, espe-

cially if RRWs are introduced into the stockpile. In addi-

tion, the results detailing the rate, type, and number of

significant findings must be updated and released, and,

where possible, age-related effects should be noted.ix

• finding: Confidence in the weapons depends on the

capabilities of the scientists and their direct involvement

with surveillance, refurbishment, and design activities.

In a non-nuclear testing world, special efforts need to be

made to ensure that nuclear weapons expertise is main-

tained and that both scientific and weapons skills can be

exercised and demonstrated. 

• recommendation: Special efforts will be needed to

ensure that the future generations of nuclear weapons

workers have both the historical knowledge and current

state-of-the-art technical understanding to establish

maximum confidence in their product. 

––––––––––––––––

Costs
There are no budgetary estimates, yet, for the transforma-

tion plan for NNSA. The SEAB task force did a rough

approximation of long-term costs for three different pro-

gram options, but not at a level of detail that can be treat-

ed as a serious estimate. In part, this is because the over-

all plan requires a number of major new investments (such

as the pit production facility) and activities (such as con-

jectured surety savings at some sites) whose budgets

have to be vetted by an extensive professional process.

Even more important, however, is the development and

promulgation of the national requirements that will dictate

the stockpile size and diversity (as explicitly pointed out in

the GAO report). How many warheads of what kind will be

needed when, and how much of a reserve capacity and

surge capability will be needed to sustain deterrence? The

analysis needed should be done jointly by the DOD and

DOE, although the overall requirements are ultimately set

at the national level. The RRW concept adds a potentially

useful dimension, but the ability to reduce total stockpile

numbers may not occur until the RRW process has been

demonstrated. In turn, this process may not be authorized

until the DOD can accept lower levels. Furthermore, the

RRW program would likely lead to reductions in the hedge

(i.e., the inactive reserve) but would not necessarily con-

tribute to a reduction in the deployed arsenal.

What can be said, however, is that there is limited flexi-

bility in the way the NNSA and Congress manage the budg-

et. The ability to proceed with RRW-1 (and future RRWs)

depends on the knowledge gained and tested in the SSP,

so to significantly curtail future SSP expenditures could

undermine one of the basic needs of the RRW program.

Safety and security savings that might come with RRW

would only accrue gradually and would not be fully real-

ized until major consolidations in the complex have com-

pletely taken place (if then). Modernization of existing

sites and clean up of former sites will entail significant new

expenditures, even if the eventual operating costs may

decrease. Because of the promulgation of operational and

regulatory requirements, the effective budget for doing

programmatic work (technical and production activities) is

a much smaller fraction of the total budget than it was in

earlier eras. 

Consequently, in addition to the possibility of new fund-

ing, the most likely source of funds for RRW work would be

the funding for LEP activities and perhaps reprioritization in

other areas. The cancellation of the W80 LEP has already

provided initial funding for the RRW program (which is

around $25 million for 2007 and is several times that in the

proposed 2008 budget). If some other LEPs can be

delayed, stretched out, or cancelled because of a change in

stockpile requirements, then some funds (assuming a con-

stant purchasing power budget) could be freed up for new

investments. These funds, however, are in the few hundred

million dollars per year range as long as the LEPs are main-

tained on any schedule resembling the current one. It is
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then a matter of whether these “savings” would be used for

RRWs, other weapons priorities, or new facilities. 

An unspoken issue in much of the costing and schedul-

ing process is the credibility of the DOE/NNSA in planning

and carrying out large-scale projects. As pointed out by vir-

tually everyone (the GAO report documents this), the

agency’s track record is not good. To be sure, many of the

“bad” examples represent one-of-a-kind, state-of-the-art

facilities that were practically forced to assume conven-

tional construction levels of contingency to obtain

approval. These conditions, however, may well hold for the

proposed RRW program and the plan to transform the

complex. The growth in costs because of enhanced securi-

ty and safety requirements and more recently because of

private sector management of some sites is almost never

factored into the “constant budget” equation that has gov-

erned the NNSA’s recent financial planning. 

––––––––––––––––

• finding: The DOE/NNSA budget is strongly dependent on

the DOD stockpile requirements and no complete cost

estimates can be made until any changes in the existing

requirements are known. There is limited flexibility under

a scenario of constant NNSA budgeting. Even with a reduc-

tion in the LEPs, significant new funds or major reprioriti-

zation will be needed to produce a responsive production

complex or to produce RRWs. The introduction of RRWs is

unlikely to lead to operational savings until most of those

investments have been made and amortized. Consequent-

ly, an RRW program would likely add to costs in the near

term, and it is not yet possible to determine when (and

whether) the RRW could lead to savings in the long term.

• recommendation: The NNSA should build in mecha-

nisms to provide independent vetting of its cost estimates.

This could be an outside group of industrial experts, an in-

house group (such as the Lehman teams used effectively

by the DOE Office of Science), or a combination of both. Its

major projects, such as the pit production facility, should

be frequently reviewed at the secretarial officer level to

help reestablish financial and management credibility.

––––––––––––––––

Planning
To carry out a transformation to Complex 2030 requires a

comprehensive planning effort on the part of both the DOE

and the DOD. As noted above, the NNSA cannot properly

size the complex until new national stockpile require-

ments are spelled out. To achieve the Complex 2030

vision, the NNSA must prepare detailed NEPA documenta-

tion that describes their plans and environmental impacts.

These impacts, in turn, must be presented to all of the rel-

evant local communities and discussed at public hearings.

Experience indicates that this process can require years

even after the initial documents are drafted. 

An important non-NEPA factor for the Record of Decision

(ROD) on the Supplement to the Stockpile Steward Manage-

ment (SSM) PEIS is the concomitant availability of credible

cost estimates for the proposed

complex. Failure to achieve success

on a major node (e.g., the pit produc-

tion facility) can essentially gridlock

the entire schedule. Stated slightly

differently, the complex must be

rebuilt and refurbished while it is car-

rying out all the necessary stockpile

work—a much harder management

task than building new plants on green field sites. 

It is not clear whether the RRW program simplifies or

makes it harder to get through the NEPA process. The

opportunity to reduce the overall environmental impact by

using less hazardous materials and less hazardous waste-

generating processes can be a positive factor. The most

controversial aspect of any proposed change, however, is

likely to center on the plans for Special Nuclear Material

(SNM), including where, how much, and when. In the next

25 years, the RRW could make this more challenging

because it could require more pit production than may be

needed for the repair of the legacy stockpile and perhaps

because of workload and scheduling complexities. 

––––––––––––––––

• finding: Successful completion of the NEPA process is

on the critical path to achieving the responsive infra-

structure envisioned for Complex 2030. The role of the

RRW can only be effectively incorporated subsequent to

the specification of stockpile requirements and can be an

enabling as well as a complicating factor.

• recommendation: The development of NEPA documen-

tation should be one of the highest near-term NNSA pri-

orities. The role of the RRW should not be overstated

because many of the changes would be sought even in a

business-as-usual scenario (i.e., LEPs).
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• recommendation: Costing and scheduling plans are cen-

tral to the credibility of the NEPA process and should be

presented in parallel with the environmental impact state-

ments. Special attention should be given to the systems

aspect because stockpile work and site-to-site interactions

will be present throughout the refurbishment process.

––––––––––––––––

DOD Role
There are three different parts of the DOD involved in

nuclear weapons: the Navy and Air Force, which procure

and deploy them; STRATCOM, which is the Combatant

Command that would employ them, including planning

and targeting; and the OSD, which sets policy and overall

guidelines. A special feature of the relationship is that the

customer does not have responsibility for warhead costs,

meaning that its needs do not always mesh with the budg-

et available to its DOE/NNSA supplier. 

As indicated, the DOE/NNSA effort depends on the

stockpile requirements set by the DOD in response to

national policy. How many warheads are needed in the

long term, and how many different kinds (and how many of

each kind) are needed? Is it possible to give up a large part

of the reserve capability on the premise that a revitalized

production complex can quickly build large numbers of

new warheads if a crisis occurs? Where is the confidence

line between “well-tested” legacy warheads that may

have an accumulating number of LEP-induced changes

and RRWs that have an as-yet-to-be-determined virtual

test pedigree as well as a likely set of birth defects? How

will DOD set the standards, and how will it determine the

budgets to bring RRWs into the stockpile?

The proposed RRW program presents a particularly unusu-

al situation in that it does not respond to a new mission need,

and in fact, represents a relaxation in its yield-to-weight spec-

ifications. In return, the program holds out the possibility of

enhanced safety and security and sustained reliability with

lower maintenance costs. It also presumes that the compos-

ite of these characteristics will lead to greater confidence in

the quality of the RRW than a legacy warhead, but that state-

ment can only be assessed on a case-by-case basis.

The RRW concept has been endorsed by the NWC (the

Nuclear Weapons Council) on December 1, 2006 and

through the JROC (the Joint Requirements Oversight Coun-

cil of the DOD) on February 20, 2007. The JROC has formal-

ly designated the U.S. Navy as the lead component of the

DOD for the development and fielding of the RRW-1, which

would replace a portion of the existing SLBM warheads. 

What the RRW program, in general, and the RRW-1, in

particular, both require is that the DOD fully engages with

the NNSA to do all of the flight-testing and other work nec-

essary to integrate the new warhead into its delivery sys-

tems. No matter how careful the NNSA system is in trying

to match the mechanical properties of the existing war-

heads, only flight-testing can verify that fact and test other

aspects of the RRW in an operational-like environment.

This is neither a trivial nor an inexpensive obligation for

the DOD, and it needs to appear in its planning and budg-

eting process on the same timescale as the NNSA plan. 

––––––––––––––––

• finding: The full engagement of the DOD is necessary to

set the conditions under which an RRW can be effectively

introduced into the arsenal. The technical standards, budg-

eting, and field-testing must all become part of a combined

planning process with the DOE/NNSA—neither party can

wait for the other to see “how it turns out” before commit-

ting resources and institutional will. The NWC process to

incorporate the proposed RRW-1 in the arsenal has made a

start in this direction, but the “bugs” in its system are still

being worked out. Early indications, however, are that the

FY2008 budget proposal for the DOD includes the funding

necessary to begin work for the RRW-1.

• recommendation: The DOD and DOE/NNSA use the

RRW-1 as a prototype to establish the procedures for war-

head replacement in the absence of changing mission

needs. Although formally the same as the historical

process, which has been dormant for nearly 20 years, suf-

ficient differences indicate that the DOD and DOE/NNSA

protocols and interface should be refurbished.

––––––––––––––––

Policy Context 
The Nuclear Posture Review of 2001, especially through its

promulgation of the strategic Triad of offense, defense, and

infrastructure, laid the foundation for a twenty-first-century

strategic posture. As pointed out in many reports (e.g., the

DSB study on Nuclear Capabilities and the Defense Threat

Reduction Agency [DTRA]-sponsored report on Foreign Per-

spectives), there has been little subsequent discussion of

the elements of that Triad and virtually no high-level articu-

lation of U.S. nuclear policy. In the absence of a clear
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nuclear posture, many interpretations are possible, and the

lack of a national understanding and consensus on the role

of U.S. nuclear weapons puts any new approach at consid-

erable political risk at home and abroad. For example, an

RRW plan that emphasizes the goal of sustaining the deter-

rent without nuclear testing could be perceived quite differ-

ently from one that focuses on future flexibility to develop

and deploy nuclear weapons for new military missions. 

Whether or not the RRW program were to proceed, there

is still a growing view that the broad goals of U.S. nuclear

policy need to be addressed. Many concerns about the

sustainability of the SSP and the LEP have been raised,

and various studies have raised a number of questions

about both the size and character of the stockpile. And, in

a recent Wall Street Journal article, Schultz, Perry,

Kissinger, and Nunn argued that a reaffirmation of the U.S.

commitment to Article VI of the NPT should provide the

basis for future nuclear weapons actions. It is hard to

imagine broad RRW and Complex 2030 decisions being

made “under the radar” in light of all this activity inde-

pendent of the details of these discussions.

As indicated earlier, this study did not explore the

details of treaty matters, including what is a “new”

weapon; what is the impact of adding “untested” weapons

to the stockpile; and what effect does the RRW plan have

on the NPT, Iran, North Korea, the CTBT debate, and other

issues? The panel did, however, try to identify some of the

larger issues and these are described below.

International Perspective 
The recent DTRA-sponsored report summarizes current

foreign views on U.S. nuclear weapons policy. It states that

there is a widespread perception that the United States is

placing heightened emphasis on nuclear weapons as part

of its overall defense strategy, intentionally or unintention-

ally lowering the threshold of nuclear weapons use. This,

in turn, leads to concerns among friends and allies about

the possible adverse nonproliferation impacts of U.S.

nuclear policy and posture. In particular, unless explicit

and credible efforts to counter those assumptions are

made, some countries could view an RRW program as con-

trary to both the spirit and letter of the NPT. Rightly or

wrongly, current U.S. policy may be viewed through the

lens of the recent debates on low-yield weapons and

bunker busters, so that programmatic discussions within

the United States will be significantly affected by interna-

tional policy questions. Stated another way, the RRW pro-

gram will inevitably be seen as an integral part of U.S.

national security policy and its goals will be debated with-

in that framework, not as an isolated technical matter. 

Framing the RRW Policy Role
The negative impact of an RRW program on these policy

issues could be reduced by clarifying that an RRW is not

intended to be a “new type” of nuclear weapon or to provide

“new” nuclear weapons capabilities or missions. As long as

RRWs are at most one-for-one replacements for existing

nuclear weapons, with the same limitations and capabilities,

and in that sense not very different from an LEP upgrade to

an existing nuclear weapon, it can be argued that the RRW

plan does not reflect a new nuclear policy. Ignoring ideologi-

cal and semantic difficulties, one can

ask how a warhead designed to do

the same mission with the same gen-

eral characteristics should introduce

any important differences of “new-

ness” from its predecessor. If the

RRW program in conforming to the

legislation further enables a reduced

stockpile size and is clearly identified

as not leading to “new” weapons,

then it could be perceived as an arms

control benefit rather than as an

unsettling development. Of course,

stockpile size is not verifiable under

present restrictions, so new meas-

ures of transparency would be needed to communicate such

information in a credible manner. 

Conversely, if an important goal of the RRW and Com-

plex 2030 programs is to enable new capabilities and new

missions, then that view needs to be introduced and

engaged with U.S. allies and Congress so that the policy

implications are clearly understood by all parties. For

example, the possibility of a much smaller but more

diverse stockpile (perhaps some of it in a “ready-to-be-

built” mode) could represent an outcome of an RRW capa-

bility that would introduce additional dimensions into the

traditional nuclear weapons debates. 

Furthermore, one could view the RRW as a new capabil-

ity in and of itself, which could be perceived as adding a

strategic advantage beyond Cold War norms. The ability to

develop modern nuclear weapons without testing (if
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proven feasible) would represent something new even if

the country did not use it to produce “new” weapons, thus

adding another issue to arms control discussions. 

All these points suggest the importance of characteriz-

ing any RRW decision in clear and unambiguous terms,

setting forth what is being proposed and what is not. At

present, the panel has no such clarity. 

Congressional View
Congress has supported the initial steps toward an RRW

program. In 2005, it laid out seven overarching criteria for

the program (see appendix D, endnote iv) and put tight

controls on what the RRW program could and could not do.

Roughly speaking, the legislation requires that the RRW

program lead to warheads with greater reliability and sure-

ty; reduce the likelihood of a need for nuclear testing; facil-

itate a reduction in the size of the stockpile; and be sup-

ported by a more effective and less costly production

complex. The appropriations for the initial phases of the

RRW program have provided start-up funds and their com-

mittees have generally accepted the objectives of the

authorizing language.

Programmatic actions to date have been consistent with

the criteria, although milestones or benchmarks are gener-

ally notional rather than specific. Ultimately, the

DOE/NNSA and the DOD need to spell out for Congress

(and the executive branch) the metrics by which they would

measure how well they are meeting the stated goals.

More recently, some congressional leaders have called

for more explicit connections of the RRW program with pol-

icy objectives. For example, some members of Congress

would seek support for advances in arms control, such as

passage of the CTBT. Others have raised issues about the

costs involved in Complex 2030 and whether the overall

program can meet the “less costly” criterion in the legisla-

tion. There has also been criticism of the NNSA’s rejection

of some of the stronger consolidation recommendations

for the production complex that were contained in the

SEAB report. A more comprehensive listing of these views

is contained in the most recent report from the CRS.

It is unclear whether work on the RRW-1 through its final

warhead design and engineering studies and on the Sup-

plement to the PEIS for Complex 2030 will be completed in

time for a production request in the FY2009 budget (the

last to be submitted by this administration). Those actions

would require an aggressive schedule and little opportuni-

ty for the independent reviews of technical and program-

matic matters that have been discussed in this report.

Executive Branch Role
To date, the RRW and Complex 2030 have been developed

by the Laboratories and the NNSA, conceptually supported

by the DOD through the NWC and the JROC and legislatively

spearheaded by the Congress that defined the policy frame-

work. As discussed, there has been no presidential or cabi-

net-level statement from the administration that clearly lays

out the role of nuclear weapons in the post–Cold War, post-

9/11 world, that makes the case for and defines future

stockpile needs, and that argues the case for the RRW. x, xi In

the panel’s experience, there cannot be a major transforma-

tion of the sort envisioned by the RRW program and Com-

plex 2030 without White House leadership to produce sub-

stantial bipartisan support over a period of 25 years (i.e.,

through several administrations and a dozen Congresses). If

for no other reason than the control of the Office of Manage-

ment and Budget over the budget process, there must be

active engagement by the administration(s) if significant

new investments or changes in policy and strategy are need-

ed for the success of an enterprise. Perhaps more to the

point, nuclear weapons are ultimately an instrument of pol-

icy and strategy rather than of war fighting, and only with

the leadership of the president can there be major changes

in that instrument. Only a president and a well thought-out

diplomatic strategy can put this in terms likely to be con-

structively understood by the international community.

––––––––––––––––

• finding: U.S. nuclear policy will matter to both the pro-

posed plans for RRW and Complex 2030, and there are sub-

stantial short- and long-term pragmatic and political risks in

proceeding without a clear set of objectives. If an extension

of the SSP goal is the primary aim, it should be so stated and

clarified as necessary. The technical bargain that produced

the stewardship plan has largely been fulfilled, although the

political process has not led to formal ratification of a CTBT.

• recommendation: To conform to existing policy, the

proposed RRW approach needs to transparently pursue

and emphasize those features (such as reliability and

reduced risk of testing) that extend the stewardship

goals of U.S. nuclear policy. Any change in that approach

needs to be widely debated to produce a national con-

sensus on the future role of nuclear weapons. 
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• finding: If the RRW and Complex 2030 programs are

pursued along their proposed paths, they will have a

number of international impacts, including concerns

regarding nonproliferation and arms control. It will

require a thorough and systematic effort to ensure that

the foreign perceptions of the programs are consistent

with U.S. intent and national security goals. 

• recommendation: The United States should carry out a

systematic and comprehensive assessment of the inter-

national implications of the proposed RRW and Complex

2030 programs and incorporate its findings as part of the

presentation of its plans. Although this may not be able

to be completed in time for the current RRW-1 decision, it

is essential to the longer-term program. Special efforts

to include the other major nuclear weapons states and

states that depend on the United States for nuclear

deterrence would add credibility and value to the

assessment. 

• finding: It will be difficult to complete and review the

design work on RRW-1 and Complex 2030 within the life-

time of the current administration’s window for requesting

authorization and a budget to begin production of RRW-1.

• recommendation: We urge the DOE/NNSA and the

DOD to carry through with independent review mecha-

nisms of design, certification, costs, schedules, and pro-

tocols such as those discussed in this report. Even if this

introduces delays into the process, it will provide the

necessary foundation for decisions by future administra-

tions and Congresses that would have to provide the

major financial and political impetus for the program. 

• finding: Congress has been strongly engaged in the

defining legislation for the proposed RRW program and

has set clear goals the program must satisfy. In the final

analysis, however, we believe that only presidential

leadership can create the bipartisan program necessary

to transform the nuclear weapons complex on a path that

may take well over two decades.

• recommendation: The White House, the DOD and

DOE/NNSA, and Congress need to develop a policy and

plan that can develop the basis for bipartisan support for

the future nuclear weapons program (e.g., the proposed

RRW and Complex 2030 plans) if it is to be supported

across the change in administration that will occur in

2009 (and in many future such transitions).

––––––––––––––––
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Personal Comment of Charles B. Curtis

The report is a faithful exposition of the panel’s deliber-
ations and findings. As a matter of policy, however, I
would like it recorded that I recommend against further
steps down the RRW path at this time. Under current cir-
cumstances, a decision to proceed with an RRW pro-
gram will likely be misunderstood by our allies, misin-
terpreted by the international community, and exploited
by our adversaries, seriously complicating our nonpro-
liferation objectives. We have time to get the RRW and
Complex 2030 questions right. But to do so, we must
first clearly and unambiguously articulate the role and
purposes of nuclear weapons; specifically identify our
weapons requirements; rationalize these roles, purpos-
es, and requirements to our nonproliferation strategies;
and then clearly lay out what type of “responsive infra-
structure” is required and how an RRW program fits in.
This work has not been done. 

Personal Comment of John S. Foster

Although I am in agreement with many of the specific rec-
ommendations in the report, I am disappointed that in my
judgement it does not provide adequate focus on its
terms of reference: to assess the degree to which RRW
would alleviate risks in the SSP. Rather, it is long on risks
and short on reducing risks (the value of RRW); long on
raising uncertainties and short on recognition of answers
to many of them already provided by Congress and
DOD/NNSA officials. The report fails to recognize the
urgency of initiating the RRW program to reduce risks in
the stockpile by: failing to recognize the DOD requirement
for diversity; failing to recognize the need to proceed with
RRW-1 to provide a back-up to the Trident warhead; and
providing an opportunity for retiring experts to train the
next generation. Instead it conveys the impression that,
despite such urgency, RRW be held hostage to the resolu-
tion of domestic and international political nuclear
weapons issues, which are real, while all other nuclear
powers have already initiated programs similar to RRW.
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AAAS Panel on RRW: Meeting 1 Agenda
American Association for the Advancement of Science,
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Day 1 (May 31, 2006) 
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8:45 Panel Purpose, Scope, and Timetable; Tarter

Session I: Perspectives on RRW Program 
and Stockpile Transformation
9:15 Joint DOD/NNSA Views; Henry (DOD), 

Schoenbauer (DOD)

Session II: Why RRW? (and related issues)
10:30 Implications for NNSA Stockpile Stewardship and

Sustainability Modernization and Transformation of
the Complex; Harvey(NNSA), Crandall (NNSA)

Session III: Technical Discussion from the Laboratories
11:15 Why we are concerned about long-term ability to 

sustain the legacy stockpile?; Martz (LANL)
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Hommert (LANL)

1:45 Why do we need a robust approach to surety?; 
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Session IV: Congressional Perspectives
2:45 Congressional Motivations and Drivers; 

Creedon (SASC)

Session V: Counterpoints and Questions
4:00 The Case for Continuation of the SSP, Alternatives to

RRW; Garwin
5:00 Wrap Up Discussion; Tarter
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Day 2 (June 1, 2006)

Executive Session
1:00 Adjourn

AAAS Panel on RRW: Meeting 2 Agenda
Lawrence Livermore National Laboratory, California
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Activities and Readings
8:45 Hobson Views; Tarter
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Session II: Nonproliferation Questions
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Allen (NNSA Weapons Program’s Office of 
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9:45 Significant Findings; White (LANL Deputy Director for
National Security)

11:00 Report on Recent Congressional Visits; Tarter
2:30 Report on WSI Meeting; Coyle, Tannenbaum, et al.
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Strike Capabilities Division)
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Strategic Systems)
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