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Nuclear Weapons: The Reliable
Replacement Warhead Program

Summary

Most current U.S. nuclear warheads were built in the 1980s, and are being
retained longer than was planned. Y et warheads deteriorate and must be maintained.
To correct problems, a Life Extension Program (LEP) replaces components.
M odifying some components would require a nuclear test, but atest moratorium is
ineffect. Therefore, LEPrebuildsthese componentsasclosely aspossibletoorigina
specifications. Using this approach, the Secretaries of Defense and Energy have
certified stockpile safety and reliability for the past nineyearswithout nucl ear testing.

Inthe FY 2005 Consolidated A ppropriations Act, Congressprovided $9 million
to initiate the Reliable Replacement Warhead (RRW) program. RRW will study
trading off key Cold War features such as high yield and low weight to gain features
more valuable now, such as lower cost, greater ease of manufacture, and increased
long-term confidence. It plansto maketheseimprovements by redesigning warheads
without adding military capability. Representative David Hobson, RRW’s main
sponsor, views RRW as part of acomprehensive plan that would also modernize the
nuclear weapons complex, avoid new weapons and nuclear testing, and permit a
reduction in non-deployed weapons. The FY 2006 budget request was $9.4 million;
Congress appropriated $25.0 million. The FY 2007 request is $27.7 million.

RRW supporters assert LEP will become harder to sustain for the long term as
small changes accumulate, making it harder to certify warhead reliability and safety
and perhaps requiring nuclear testing. Supporters believe RRW will enable design
of replacement components for existing warheads that will be easier to manufacture
and certify without nuclear testing, and will permit the military to eliminate many
non-deployed warheadsit maintains, at high cost, to hedge agai nst potential warhead
or geopolitical problems. Skeptics believe LEP and related programs can maintain
the stockpile indefinitely. They worry that RRW’ s changes may reduce confidence
and make areturn to testing more likely. They question cost savings; even if RRW
could lower operations and maintenance cost, its investment cost would be high.
They are concerned that RRW could be used to build new weapons that would
requiretesting. They note that there are no military requirements for new weapons.

Atissuefor Congressiswhich approach — LEP, RRW, some combination, or
something else — will best maintain the nuclear stockpile indefinitely. RRW aso
bears on other issues of interest to Congress. new weapons development, nuclear
testing, restructuring the nuclear weapons complex, cost of nuclear programs, and
nuclear nonproliferation. Congresshassupported the RRW program, and NNSA and
others have begun to implement it; a competition to design an RRW is underway.

New updates to this report include opponents views of RRW, possible
guestionsfor opponents, why DOD proceduresto maintain warheads are costly (see
“Will RRW Save Money?’), several policy optionsfor Congress, final action on the
FY 2006 request, the FY 2007 request, and details on implementing RRW. This
report will be updated.
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Nuclear Weapons: The Reliable
Replacement Warhead Program

Background

Issue Definition

Nuclear warhead components deteriorate with age. Without periodic
mai ntenance, warheads might not detonate as intended or might fail to meet safety,
security, and other requirements. Congressisconsidering alternate waysto maintain
the nuclear stockpile for the long term. The current method, the Life Extension
Program (LEP), replaces deteriorated components. Some components, such as the
outer casing or certain electronics, can be modified confidently without nuclear
testing. For current weapons, modifying componentsthat directly produce anuclear
explosion would require testing, but anuclear test moratorium, in effect since 1992,
forecloses that route. Instead, LEP replaces such components with ones that are
newly produced using original designs and, insofar as possible, original materials.

As discussed below, Congress created a program, Reliable Replacement
Warhead (RRW), inthe FY 2005 Consolidated AppropriationsAct, P.L. 108-447, to
study a new approach to maintaining warheads over the long term. RRW would
redesign componentsto be easier to manufacture, among other characteristics. (See
“Implementing RRW,” below, for the current rel ationshi p between study and design.)
The Nuclear Weapons Council, ajoint Department of Defense (DOD)-Department
of Energy (DOE) organi zation that oversees nuclear weaponsactivities, viewsRRW
as the foundation of a plan to transform the nuclear weapons enterprise to one with
asmaller yet more capable production base and far fewer spare warheads. At issue
for Congress is how best to maintain the nuclear stockpile and its supporting
infrastructure for the long term. A decision on this issue is important because,
throughit, Congressmay affect the characteristicsof U.S. nuclear forces; their ability
to carry out their assigned missions; perceptions of U.S. nuclear nonproliferation
policy; the capabilities and modernization of the nuclear weapons complex; and the
nuclear weapons budget.

Many find RRW to be confusing because it is a new program and descriptions
of it have changed. To provide a clearer understanding of what RRW seeks to
achieve, thisreport (1) describesthe current LEP and difficultiesascribed to it by its
critics; (2) showshow post-Cold War changesin constraints may open opportunities
to improve long-term warhead maintenance and reach other goals; (3) describes
RRW and its pros and cons; and (4) presents issues, questions, and options for
Congress. The report tracks action on the FY2006 and FY 2007 requests, and
describes implementation of RRW. A brief appendix describes nuclear weapon
design and operation, and the nuclear weapons complex. This report does not
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consider thelarger questions of the desirability of retaining U.S. nuclear weapons or
the strategic uses and values of such weapons.

A note on terminology: RRW is in the early stages of study. It has not
produced any hardware. This report refers to “RRW components’ and “RRW
warheads’ as shorthand for components that might be devel oped under RRW, and
warheads incorporating RRW components.

Congress, Nuclear Policy, and RRW

Congress has been involved with nuclear weapons issues since the Manhattan
Project of World War 1l,* addressing issues ranging from strategy and doctrine to
force structure and operations.

In the Floyd D. Spence National Defense Authorization Act for FY2001 (P.L.
106-398), section 1041, Congressdirected the Administrationto undertakeaNuclear
Posture Review (NPR). This review, which the Administration presented to
Congress in January 2002, set forth a new view of the role of nuclear weapons in
U.S. defense policy.? It recognized that the strategic relationship with Russia had
changed dramatically since the end of the Cold War, and that new and poorly-defined
threats could emerge. Accordingly, it called for achangein the nuclear posturefrom
one based on countering a specific threat from the Soviet Union to one that would
have a set of capabilities to counter a range of potential future threats, such as the
increasing use by potential adversaries of hardened and deeply buried facilities.
These capabilitieswere unifiedina“New Triad.” Beginningin the early 1960s, the
United Stateshad a“triad” of nuclear forces— bombers, land-based i ntercontinental
ballistic missiles, and submarine-launched ballistic missiles. The New Triad
included (1) offensive strike capabilities, which combined the “old” nuclear triad
with precision strike conventional forces; (2) missile defenses; and (3) an industrial
infrastructure, nuclear and nonnuclear, responsive to DOD’ s needs.

The Administration has indicated that it welcomes a dialog with Congress on
broad nuclear policy.® At the same time, Congress has tended to focus on several

! Richard Hewlett and Oscar Anderson, Jr., A History of the United States Atomic Energy
Commission: Volume I, The New World, 1939/1946 (University Park, PA: Pennsylvania
State University Press, 1962), pp. 289-290, discusses the handling of appropriationsfor the
project.

2The NPR was prepared in classified form; DOD provided unclassified briefing dides and
an unclassified briefing on it. For the briefing, see J.D. Crouch, Assistant Secretary of
Defensefor International Security Policy, U.S. Department of Defense, Special Briefing on
the Nuclear Posture Review, Jan. 9, 2002, at [ http://www.def enselink.mil/transcripts/2002/
t01092002_t0109npr.html]. For the slides, see U.S. Department of Defense, “ Findings of
the Nuclear Posture Review,” Jan. 9, 2002, at [http://www.defenselink.mil/news/
Jan2002/020109-D-6570C-001.pdf]. See also CRS Report RL31623, U.S. Nuclear
Weapons: Changes in Policy and Force Sructure, by Amy Woolf.

% In a prepared statement to Congress, General James Cartwright, USMC, said: “And
finally, asan element of our role assteward of the nation’ sstrategic nuclear capabilities, we
(continued...)
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specificissues. Inthe FY 2005 budget cycle, for example, it focused on the Robust
Nuclear Earth Penetrator (RNEP), often called the “bunker buster,” a study to
determine if an existing nuclear bomb could be modified to penetrate the ground
before exploding to increase its effectiveness against buried targets. Congress also
considered the Advanced Concepts Initiative (ACI), a program to study nuclear
weapon-related technol ogies.*

In debate on FY 2005 defense authorization bills, the House and Senate defeated
amendments to terminate RNEP and ACl, leaving the full amount requested, $27.6
million for RNEP and $9.0 million for ACI, in the FY2005 National Defense
Authorization Act (P.L. 108-375). In contrast, the House Appropriations
Committee's energy and water bill eliminated funding for both programs at the
urging of Representative David Hobson, Chairman of the House Appropriations
Committee' s Energy and Water Development Subcommittee. That subcommittee
has jurisdiction over the National Nuclear Security Administration (NNSA), which
operates the nuclear weapons program. This position was not challenged on the
House floor. The Senate Appropriations Committee did not report an energy and
water bill for FY 2005. Confereeson the FY 2005 Consolidated Appropriations Act
(P.L. 108-447), which included energy and water provisions, followed the House
position on RNEP and ACI and, at the urging of Representative Hobson, transferred
all ACI fundsto RRW, anew program created by the bill. The entire description of
RRW in the conference report was a*“ program to improve the reliability, longevity,
and certifiability of existing weapons and their components.”>

3 (...continued)

need youto ... [c]onsider anew national dialogue on nuclear policy.” Statement of General
James E. Cartwright, USMC, Commander, United States Strategic Command, before the
Senate Armed Services Committee, Strategic Forces Subcommittee, Strategic Forces and
Nuclear Weapons Issues in Review of the Defense Authorization Request for Fiscal Year
2006, Apr. 4, 2005, pp. 15-16. NNSA Administrator Linton Brooks, in aprepared statement
to Congress, said, “ The Administration is eager to work with the Congress to forge abroad
consensus on an approach to stockpile and infrastructure transformation.” *“ Statement of
Ambassador Linton F. Brooks, Administrator, National Nuclear Security Administration,
U.S. Department of Energy, before the Senate Armed Services Committee, Subcommittee
on Strategic Forces,” Apr. 4, 2005, p. 7. (Hereafter cited as Brooks statement to Senate
Armed Services Committee, Apr. 4, 2005.)

* For history and technol ogy of these programs, see CRS Report RL 32130, Nuclear Weapon
Initiatives: Low-Yield R&D, Advanced Concepts, Earth Penetrators, Test Readiness, by
JonathanMedalia. For the current situationwith RNEP, see CRSReport RL32347,“ Bunker
Busters’: Robust Nuclear Earth Penetrator Issues, FY2005 and FY2006, by Jonathan
Medalia.

®U.S. Congress, Committee of Conference, Making Appropriationsfor Foreign Operations,
Export Financing, and Related Programs for the Fiscal Year Ending September 30, 2005,
and For Other Purposes, report to accompany H.R. 4818, 108" Cong., 2™ Sess., 2004,
H.Rept. 108-792, reprinted in U.S. Congress, Congressional Record, Nov. 19, 2004, Book
[1: H10556.
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Consistent with congressional action, NNSA requested $9.351 millionfor RRW
for FY 2006.° Likethedescriptionin the conferencereport, the request took anarrow
view of RRW, stating that the program “is to demonstrate the feasibility of
developing reliable replacement components that are producible and certifiable for
theexisting stockpile. Theinitial focuswill beto provide cost and schedul e efficient
replacement pits[see Appendix] that can be certified without Underground Tests.”’

Based on such statements, and on discussions with adherents of various points
of view, it appears that RRW can be described as follows:

RRW isanew congressionally-mandated program. Under it, the National
Nuclear Security Administration (NNSA) will conduct a two-year study
beginning in FY 2005 to determine if a new philosophy for refurbishing nuclear
warheadstoreflect current constraintsand opportunitiescan lead to aprocessfor
manufacturing warheads and certifying their performance. It appears that this
process has as its direct goal the manufacture, within a decade, of new-design
replacement warhead components using best modern manufacturing practicesto
give future nuclear weapon designers and manufacturers increased confidence,
without nuclear testing, in their ability to maintain warheads so that they will
perform as intended over the long term. Other goals include increased ease of
manufacture and certification, increased responsiveness to possible future
military requirements, reduced life cycle cost, reduced likelihood of nuclear
testing, increased weapon safety and security, and increased responsiveness to
environmental, safety, and health concerns.

Toachievethesegoals, RRW would make several key tradeoffs, sacrificing
(assuming Department of Defense approval) warhead characteristics important
during the Cold War but less so now, such asweight, size, yield, and efficiency.

The main difference between RRW and the current approach to stockpile
maintenance, the Life Extension Program (LEP), is one of an underlying
philosophy. Under RRW, NNSA would make changes to weapon components,
including those in the nuclear explosive package in an effort to attain the
foregoing goals. Under LEP, NNSA makes changes chiefly to maintain
weapons, and in particul ar minimizes changesto the nuclear explosive package.
Most of the changes under RRW probably could be made under LEP. However,
they probably would not be because L EP strives to hold changes to aminimum.

® To clarify a point of confusion, the FY 2006 NNSA budget request shows an aggregate
request for FY2006-FY 2010 of $97.1 million. NNSA had insufficient time between
December 8, 2004, when P.L. 108-375 was signed, and Feb. 7, 2004, when the budget
request was sent to Congress, to prepare a detailed program and cost estimate. Further,
Congress had directed that NNSA transfer ACI fundsto RRW for FY 2005. Accordingly,
NNSA relabeled the ACI budget lineasRRW. Thusthe $97.1 million should be viewed as
aplaceholder, not an estimate. Note: budget figures are from U.S. Department of Energy,
Office of Management, Budget, and Evauation/CFO, FY2006 Congressional Budget
Request, vol. I, National Nuclear Security Administration, DOE/M E-0046, Feb. 2005, p. 68.
(Hereafter cited as Department of Energy, FY2006 Congressional Budget Request, val. |.)
NNSA provided information on the change from ACI to RRW.

" Department of Energy, FY2006 Congressional Budget Request, Vol. I, p. 82.
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Supporters anticipate that RRW will offer a path to two larger goals:
replacing a large nuclear weapons stockpile with fewer but more reliable
weapons, and restructuring the nuclear weaponscomplex intoonethatissmaller,
safer, more efficient, more responsive, and less costly. Skeptics question
whether some of the tradeoffs and goals are feasible, necessary, or worth
potential costs and risks.

The Need to Maintain Nuclear Warheads for the Long Term

Nuclear warheads must be maintained because they contain thousands of parts
that deteriorate at different rates. Some parts, such as tritium reservoirs and neutron
generators,® and materials, such as tritium, have well-known life limits, while the
service life of other parts may be unknown or revealed only by multiple inspections
of a warhead type over time. A 1983 report arguing that maintenance requires
nuclear testing stated:

Certainchemically reactivematerial sareinherently requiredin nuclear weapons,
such as uranium or plutonium, high explosives, and plastics. The fissile
materials, both plutonium and uranium, are subject to corrosion. Plastic-bonded
high explosives and other plastics tend to decompose over extended periods of
time. ... portions of materials can dissociate into simpler substances. Vapors
given off by one material can migrate to another region of the weapon and react
chemically there. ... Materialsinthe warhead electrical systems... can produce
effluents that can migrate to regions in the nuclear explosive portion of the
weapon. ... The characteristicsof high explosives can changewithtime. ... Vital
electrical components can change in character ...°

A 1987 report, written to rebut the contention of the foregoing report that
nuclear testing is needed to maintain nuclear weapons, nonethel ess agreed that aging
affects weapon components:

It should also be noted that nuclear weapons engineering has benefitted
fromaquarter century of experienceindealingwith corrosion, deterioration, and
creep since the time that the W45, W47, and W52 [warheads] entered the
stockpile in the early sixties (just after the test moratorium of 1958-1961). ...
Most of the reliability problems in the past have resulted from either an
incompl ete testing program during the development phase of a weapon or the
aging and deterioration of weapon components during deployment.*°

8 U.S. General Accounting Office, Nuclear Weapons: Capabilities of DOE's Limited Life
Component Program to Meet Operational Needs, GAO/RCED-97-52, Mar. 5, 1997,
available at [http://www.global security.org/wmd/library/report/gao/rced97052.htm].

° “Some Little-Publicized Difficulties with a Nuclear Freeze,” Prepared by Dr. JW.
Raosengren, R& D Associates, under Contract to the Office of International Security Affairs,
U.S. Department of Energy, October 1983, p. 5-6; reprinted in U.S. Congress. Senate.
Committee on Foreign Relations. Nuclear Testing I ssues. 99" Congress, 2™ Session, Senate
Hearing 99-937, 1986, pp. 167-168.

10 Ray Kidder, Sockpile Reliability and Nuclear Test Bans. Responseto J.W. Rosengren’s
Defense of His 1983 Report, Lawrence Livermore National Laboratory, UCID-20990, Feb.
1987, pp. 4-5.
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Somefeel that deterioration, while apotential problem, has been overstated. A
scientific panel writing in 1999 stated,

there is no such thing as a “design life.” The designers were not asked or
permitted to design anuclear weapon that would go bad after 20 years. They did
their best on acombination of performance and endurance, and after experience
with the weapon in storage there is certainly no reason to expect al of the
nuclear weapons of agiven typeto become unusable after 20 or 25 years. Infact,
one of themain goals of SBSS|[Science-Based Stockpile Stewardship, an earlier
term for the Stockpile Stewardship Program, discussed below] isto predict the
life of the components so that remanufacture may be scheduled, and results to
date indicate a margin of surety extending for decades. ... Until now, clear
evidence of warhead deterioration has not been seen in the enduring stockpile,
but the plansfor remanufacture still assumethat deteriorationisinevitableonthe
timescale of the old, arbitrarily defined “design lives.”**

The deterioration noted above pertained to warheads designed in the 1950s and
early 1960s that are no longer deployed. Newer warheads correct some of these
problems. As knowledge of warhead performance, materials, and deterioration
increases, thelabs are able to correct some problems and forestall others. Still other
aging problems have turned out to occur at a slower pace than was feared. In
particular, it was long recognized that plutonium would deteriorate as it aged, but it
was not known how long it would take for its deterioration to impair warhead
performance. Now, studies are underway to find out, and the current best estimate
isthat it would take at least 45 to 60 years.

Any consequences of deterioration problems that arose during the Cold War
were limited in their duration because warheads had little time to age. The United
Statesintroduced generation after generation of new nuclear “ delivery vehicles” —
bombers, missile submarines, and land-based missiles — each of which would
typically carry a new-design warhead tailored to its characteristics and mission. A
warhead for a new missile, for example, might have to withstand a higher
acceleration, have ahigher explosiveyield, and be constrained to a specific volume.
New warheads were usualy introduced long before the warheads they replaced
reached the end of their service lives. Two trends concerning deterioration have
emerged since the end of the Cold War: (1) Stockpile Stewardship and other tools,
described below, have greatly increased NNSA’s understanding of warhead
deterioration and how to deal with or prevent it. Also, by maintaining the current set
of warhead designsfor many years, design and production errors have been subjected
to systematic identification and elimination and (2) Nuclear warheads have much
more time to age, as warheads expected to remain in the stockpile for at most 20
yearsare now being retained indefinitely. However, understanding of deterioration,
whileimproving, is not perfect; surprises may still occur. Asaresult, deterioration
remains a concern.

Nuclear warheads must be maintained so that the United States, itsfriends and
dlies, and its adversaries will be confident about the effectiveness of U.S. nuclear

1 Sidney Drell, Raymond Jeanloz, et al., Remanufacture, MITRE Corporation, JASON
Program Office, JSR-99-300, Oct. 1999, pp. 4, 8.
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forces. Y et warheads are hard to maintain not only because of deterioration, but also
because they were designed to an exacting set of constraints. They had to meet so-
called Military Characteristics set forth by DOD in consultation with DOE that
specified safety parameters, weight, size, and yield, as well as the conditions a
warhead would encounter in its lifetime, such as temperature and acceleration.
Design compromises were made to meet these constraints. For example, beryllium
was used in warheads even though it is toxic and hard to machine, and more
energetic explosives were sometimes used despite an increased safety risk. Design
was usually done with little consideration for ease of manufacture. Ambassador
Linton Brooks, NNSA Administrator, has said that to meet the variousrequirements,
especialy maximizing yield while minimizing size and weight, “we designed these
systemsvery closeto performancecliffs.”*? That is, designs approached the point at
which warheads would fail .

A conseguence of this design approach was that warhead components could be
hard to replicate. Indeed, according to Ambassador Brooks, “it is becoming more
difficult and costly to certify warhead remanufacture. The evolution away from
tested designs resulting from theinevitable accumul ations of small changes over the
extended lifetimes of these systems means that we can count on increasing
uncertainty in the long-term certification of warheads in the stockpile.”**

At issue iswhether warheads can be maintained despite the absence of nuclear
testing by replacing deteriorated components with newly-made onesbuilt asclose as
possible to the original specifications. This debate has been going on for decades.
In a1978 letter to President Carter, three weapons scientists argued that the United
States could go to great lengths in remanufacturing weapon components:

it is sometimes claimed that remanufacture may become impossibl e because of
increasingly severerestrictions by EPA or OSHA to protect the environment of
the worker. ... if the worker’ s environment acceptable until now for the use of
ashestos, spray adhesives, or beryllium should be forbidden by OSHA
regul ations, those few workers needed to continue operationswith such material
could wear plastic-film suits ... It would be wise al so to stockpile in appropriate
storage facilities certain commercial materials used in weapons manufacture
which might in the future disappear from the commercial scene.™

12.S. Congress, Senate Committee on Armed Services, Subcommittee on Strategic Forces,
Strategic Forces/Nuclear Weapons Fiscal Year 2006 Budget, hearing, Apr. 4, 2005.

3 For example, if designers cal cul ated that a certain amount of plutonium was the minimum
at which the warhead would work, they might add only asmall extraamount as amargin of
assurance.

14 Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 3.

15 |etter from Norris Bradbury, J. Carson Mark, and Richard Garwin to President Jimmy
Carter, Aug. 15, 1978, reprinted in U.S. Congress, House Committee on Foreign Affairsand
Its Subcommittee on Arms Control, International Security and Science, Proposals to Ban
Nuclear Testing, H.J.Res. 3, 99" Congress, 1% Sess., hearings, (Washington: GPO, 1985),
p. 215.
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However, in a 1987 report, three scientists at Lawrence Livermore National
Laboratory stated:

e Exact replication, especially of older systems, is impossible.
Materia batches are never quite the same, some materials become
unavailable, and equivalent materials are never exactly equivalent.
“Improved” parts often have new, unexpected failure modes.
Vendors go out of business ...

e Documentation has never been sufficiently exact to ensure
replication. ... We have never known enough about every detail to
specify everything that may be important. ...

e The most important aspect of any product certification istesting; it
provides the data for valid certification.*

Clearly, if components could be remanufactured to identical specifications,
using identical materials, indefinitely, then warheads could be maintained in this
manner as long as needed, with little in the way of scientific advances required.
Further, Ambassador Brooksreportedly said, “I1t’ sentirely possible that we could go
on for some considerable length of time just the way we are.”*” But NNSA holds
that a more comprehensive program is needed.

The Solution So Far: The Life Extension Program

With the end of the Cold War, the nuclear weapons complex, liketherest of the
defense establishment, faced turmoil. Budgets and personnel were reduced, design
of new weapons ended, and atest moratorium began. For atime, the chief concern
of DOE’s nuclear weapons management was survival of the nuclear weapons
complex.

To address this concern and set a course for the nuclear weapons enterprise,
Congress, in the FY1994 Nationa Defense Authorization Act (P.L. 103-160),
Section 3138, directed the Secretary of Energy to “ establish a stewardship program
to ensure the preservation of the core intellectual and technical competencies of the
United States in nuclear weapons, including weapons design, system integration,
manufacturing, security, usecontrol, reliability assessment, and certification.” Since
then, the Clinton and Bush Administrations have requested, and Congress has
approved, tens of billions of dollarsfor this Stockpile Stewardship Program (SSP),
which is presented in NNSA’s budget as “Weapons Activities.”*®

16 George Miller, Paul Brown, and Carol Alonso, Report to Congress on Stockpile
Reliability, Weapon Remanufacture, and the Role of Nuclear Testing, Lawrence Livermore
National Laboratory, UCRL-53822, Oct. 1987, p. 25. For an opposing view, see R.E.
Kidder, Maintaining the U.S. Stockpile of Nuclear Weapons During a Low-Threshold or
Comprehensive Test Ban, Lawrence Livermore National Laboratory, UCRL-53820, Oct.
1987, esp. pp. 6-9.

17 James Sterngold, “Upgrades Planned for U.S. Nuclear Stockpile,” San Francisco
Chronicle, Jan. 15, 2006, p. 16.

18 See CRS Report RL32852, Energy and Water Development: FY2006 Appropriations,
(continued...)
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SSPusesdatafrom past nuclear tests, small-scal el aboratory experiments, large-
scale experimental facilities, examination of warheads, and the like to improve
theoretical understanding of the science underlying nuclear weapons performance.
Inturn, it usesthisknowledge to improve computer “codes’ that simulate aspects of
weapons performance, revealing aspects of this performance and filling gaps in the
nuclear weapons laboratories understanding of it. Such advances enable scientists
to analyze data from past nuclear tests more thoroughly, “mining” it to extract still
moreinformation. Theory, simulation, and datareinforce each other: theory refines
simulation, simulation helps check theory, theory and simulation guide researchers
to look for certain types of data, and data help check simulation and theory.

A key task of the weapons complex isto monitor warheads for signs of actual
or future deterioration. Thiswork is done through a program that conducts routine
surveillance of warheadsin the stockpile by closely examining 11 warheads of each
type per year to search for corrosion, gases, and other evidence of deterioration. Of
the 11, oneistaken apart for destructive evaluation, while the other 10 are evaluated
nondestructively and returned to the stockpile® In addition, an Enhanced
Surveillance Program (ESP) supports surveillance; itsgoal “isto devel op diagnostic
tools and predictive models that will make it possible to analyze and predict the
effects that aging may have on weapon materials, components, and systems.”

When routine surveillance detects warhead problems, the nuclear weapons
program applies knowledge gained through SSP to fix problems through the Life
Extension Program (LEP). It attempts*to extend the stockpilelifetime of awarhead
or warhead components at least 20 yearswith agoal of 30 years’? in addition to the
originally-anticipated deployment time.

A warhead' scomponentsmay bedivided into two categories. thosethat are part
of the nuclear explosive package, and those that are not. As described in the
Appendix, the nuclear explosive packageisthe part of the warhead that explodes, as
distinct from the more numerous components like the outer case or arming system.
Because components outside of this package can be subjected to extensive
experiments and nonnuclear laboratory tests, they can be modified as needed under
LEP to incorporate more advanced electronics or better materials. In sharp contrast,
“package’ components cannot be subjected to nucl ear testsbecausethe United States
has observed a moratorium on nuclear testing since 1992. Asaresult, LEP seeksto
replicate these components using original designs and, insofar as possible, origina
materials. Inthisway, it ishoped, componentswill be close to the originals so that
they can be qualified for use in warheads. Because nuclear explosive package

18 (...continued)
coordinated by Carl Behrens, section on Nuclear Weapons Stockpile Stewardship.

19 Information provided by NNSA, May 9, 2005.

2 Katie Walter, “Enhanced Surveillance of Aging Weapons,” Science & Technology
Review, Jan./Feb. 1998, p. 21.

2L Department of Energy, FY2006 Congressional Budget Request, vol. I, p. 75. Also, see
pp. 75-76 for a weapon-by-weapon description of LEP activities planned for FY 2006.
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components cannot be tested while other components can be, long-term concern
focuses on the former.

Warheads contain several thousand components. While not all need to be
refurbished in an LEP, some are difficult to fabricate. As aresult, the LEP for a
particular warhead is a major campaign with extensive preparatory anaysis and
detailed work on many components that can take many years. For example, NNSA
describes the LEP for the W76 warhead for Trident submarine-launched ballistic
missiles as follows in its FY 2007 request:

TheW76 LEPwill extend thelife of the W76 for an additional 30 yearswiththe
FPU [first production unit] in FY 2007. Activitiesincludedesign, qualification,
certification, production plant Process Prove-In (PPl), and Pilot Production. The
pre-production activities will ensure the design of refurbished warheads meets
all requiredmilitary characteristics. Additional activitiesincludework associated
with the manufacturability of the components including the nuclear explosive
package; the Arming, Firing, and Fuzing (AF&F) system; gas transfer system,;
and associated cables, elastomers, valves, pads, cushions, foam supports,
telemetries, and miscellaneous parts.?

Stockpile stewardship hasmade great stridesin understanding weaponsscience,
in predicting how weapons will age, and in predicting how they will fail. Most
observers agree with the following assessment by Ambassador Brooks in
congressional testimony of April 2005:

today stockpile stewardshipisworking, weare confident that the stockpileissafe
andreliable, and thereisno requirement at thistimefor nuclear tests. Indeed, just
last month, the Secretary of Energy and Secretary of Defense reaffirmed this
judgment inreporting to the President their ninth annual assessment of the safety
and reliability of the U.S. nuclear weapons stockpile. ... Our assessment derives
from ten years of experience with science-based stockpile stewardship, from
extensive surveillance, from the use of both experiments and computation, and
from professional judgment.® [original emphasis]

Is LEP Satisfactory for the Long Term?

In the turmoil following the end of the Cold War, it is scarcely surprising that
the method chosen to maintain the stockpile— atask that had to be performed in the
face of the many changes affecting the weapons complex, and the many unknowns
about its future — was to minimize changes. Now, with SSP well established,
NNSA feelsthat itisappropriateto useadifferent approach to warhead maintenance,
onethat builds on the success of SSP and challenges the notion underlying LEP that
changes must be held to a minimum.

22 U.S. Department of Energy. Office of Chief Financial Officer. FY2007 Congressional
Budget Request, vol. 1, National Nuclear Security Administration. DOE/CF-002, Feb. 2006,
p. 79.

% Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 2.
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Advocates of RRW recognizethat L EP hasworked well and concedethat it can
probably maintain warheads over the short term. Their concern is with maintaining
reliability of warheads over the long term. They assert that LEP is not suited to the
task because it will become harder to make it work as the technology under which
current warheads were created becomes increasingly archaic and as materials,
equipment, processes, and skillsbecome unavailable. They maintain that if thelabs
were to lose confidence that they could replicate nuclear explosive package
componentsto near-original designsusing near-origina materialsand processes, the
United States could ultimately face a choice between resuming nuclear tests or
accepting reduced confidencein reliability. Instead, for example, the three nuclear
weapons laboratories (Los Alamos, Livermore, and Sandia) argue that a “vision of
sustai nable warheads with a sustainable [ nuclear] enterprise can best be achieved by
shifting from aprogram of warhead refurbishment to one of warhead replacement.”

Advocates of RRW note further that while the current stockpile — most units
of which were manufactured between 1979 and 1989 — was designed to deter and,
if necessary, defeat the Soviet Union, thethreat, strategy and missions have changed,
leaving the United States with the wrong stockpile for current circumstances.
Ambassador Brooks said that current warheads are wrong technically because “we
would [now] manage technical risk differently, for example, by ‘trading’ [warhead]
size and weight for increased performance margins, system longevity, and ease of
manufacture.” These warheads were not “designed for longevity” or to minimize
cost, and may be wrong militarily because yields are too high and “do not lend
themselvesto reduced collateral damage.” They alsolack capabilitiesagainst buried
targets or biological and chemica munitions, and they do not take full advantage of
precision guidance.® Furthermore, LEP's critics believe the stockpile is wrong
politically becauseit istoo large:

We retain “hedge” warheads in large part due to the inability of either today’s
nuclear infrastructure, or theinfrastructure we expect to have when the stockpile
reductions are fully implemented in 2012, to manufacture, in a timely way,
warheads for replacement or for force augmentation, or to act to correct
unexpected technical problems.?

Finally, they believe the stockpile is wrong in terms of physical security because it
was not designed for a scenario in which terrorists seize control of anuclear weapon
and try to detonate it in place. New use control technologies would permit NNSA
to reduce the cost of “gates, guns, guards.”

2 K. Henry O’ Brienet al., Sustaining the Nuclear Enter prise—A New Approach, published
jointly by LawrenceLivermore, LosAlamos, and SandiaNational Laboratories, UCRL-AR-
212442, May 20, 2005, p. 3.

% |bid., pp. 2-3.
2 |hid., p. 3.
27 \bid., p. 4.
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RRW and the Transformation of Nuclear Warheads

The U.S. nuclear stockpile was designed within Cold War constraints,
reguirements, and opportunities. Whilethe requirement for warheadsto be safe and
reliable remains constant, many other constraints have changed — indeed, inverted
— over the past 15 years, and new opportunities and requirements have emerged as
well. As a result, RRW advocates claim, it is both necessary and feasible to
transform the stockpile to reflect these changes.

With RRW, NNSA hopes to revisit tradeoffs underlying the current stockpile
so it could adapt to changes over the past 15 years and meet possible future
requirements. While RRW would change many tradeoffs significantly, the changes
would, in NNSA’ sview, work out well: NNSA would trade negligible sacrificesto
secure major gains. For example, NNSA would consider relaxing constraints on
explosive yield and yield-to-weight, assuming DOD approved. So doing would
enable NNSA to move to simpler designs, which would be essentia in an
environment without nuclear testing. NNSA would strive to minimize the use of
hazardous materials, and relaxing constraints on yield and on yield to weight would
makeit easier to do so. Thebalance of this section presents some Cold War warhead
reguirements, how they have changed, and implications of these changes.

Efficiency. A major characteristic of warheadsfor ballisticand cruisemissiles
wasahigh*“yield-to-weight ratio” — that is, maximizing awarhead sexplosiveforce
(yield) for agiven weight.?® Reducing weight let each missile carry more warheads
to more distant targets; increasing yield gave each warhead a better chance of
destroying itstarget; and increasing yield-to-weight enabled these goalsto be met at
thesametime. For example, the W88 warhead for the Trident |1 submarine-launched
ballistic missile used a conventional high explosive (CHE) that was more sensitive
to impact than an alternative, insensitive high explosive (IHE), used on many other
warhead types. IHE provided greater safety, but CHE packed substantially more
energy per unit weight. A missile could carry the lighter CHE warheads to a greater
distance, so that asubmarine could stand off farther fromitstargets. Increased ocean
patrol areaforced the Soviet Union to spread out its antisubmarine assets, improving
submarine survivability. Hard-to-manufacture designs, hazardous materials, and
other undesirable features were deemed acceptable design tradeoffs to maximize
yield-to-weight. Now, ballistic missiles carry fewer warheads than they did during
the Cold War due to reduced targeting requirements. As aresult, it is possible to
revisit the Cold War tradeoffs, redesigning warhead components to give greater
emphasis to other characteristics at the expense of yield, weight, or both. For
example, with a missile's carrying capacity divided among fewer warheads, each

% Bombswerelessconstrained inweight because bomberscarry heavier loadsthanmissiles.
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warhead can be somewhat heavier,® and the added permissible weight might be
allocated to design features that made a warhead easier to manufacture.

Yield. Duringthe Cold War, DOD required asubstantial yield for its strategic
warheads. Yield compensated for inaccuracy in attacking targets such as missile
silos, which were hardened to withstand all but near missesor direct hits. Yield was
also important for attacking targets covering large areas, such as shipyards or
petroleum refineries. Now, highyieldismuch lessimportant. Therearelikely to be
fewer areatargetsin the future. Precision guidance enables conventional bombsto
scoredirect hitson targets, and similar technology could apparently be used to make
missile-delivered nuclear warheads more accurate, permitting lower yield. Indeed,
some argue that the United States needs some lower-yield warheads.® In thisview,
lower-yield warheadswould create | ess of the unintended damage that might prevent
the United States from using them. Such warheads, some argue, would be a better
deterrent precisely because their use would be more credible.

Nuclear Testing. Between 1945 and 1992, the United States conducted over
1,000 nuclear tests, most of which were for weapons design.®! Thesetests provided
confidence that aweapon incorporating hard-to-manufacture components was made
correctly, that a weapon would work at the extremes of temperatures to which it
might be exposed, and that the design was satisfactory in other ways. Testing also
enabled the labs to validate changes to existing warhead designs. With the
congressionally-imposed U.S. nuclear test moratoriumin October 1992,* the United
States can no longer rely on tests to validate designs. While there are no military
requirements for nuclear weapons with new or modified military capabilities,® any
future weapon would have to be more conservatively designed than those that could
be tested, such as by increasing the yield of the weapon’s primary stage (see

# Ballistic missiles carry warheads inside reentry vehicles (RVs). AnRV isastreamlined
shell that protects its warhead from the intense heat and other stresses of reentering the
atmosphere at high speed. RVs are designed to carry a specific type of warhead on a
specific missile; the maximum stressthat the RV encountersiscarefully studied. Increasing
warhead weight significantly would increase these stresses, possibly causingthe RV tofail
and the warhead to burn up, fail, or missits target by awide margin.

% Bryan Fearey, Paul White, John St. Ledger, and John Immele, “An Analysis of Reduced
Collateral DamageNuclear Weapons,” Compar ative Srategy, Oct./Nov. 2003, pp. 313-315.
These lower-yield weapons are not necessarily the very low yield “mini-nukes’ debated in
Congress in recent years.

3 The United States conducted 1,030 tests, of which 883 were weapons related. (The
United Kingdom conducted another 24 tests at the Nevada Test Site.)) U.S. Department of
Energy, Nevada Operations Office, Office of External Affairs, United SatesNuclear Tests,
July 1945 through September 1992, DOE/NV-209, rev. 14, Dec. 1994, p. viii.

%2 The moratorium was begun pursuant to Section 507 of P.L. 102-377, FY 1993 Energy and
Water Devel opment Appropriations Act, signed into law Oct. 2, 1992,

% Brooks stated, “We must preserve the ability to produce weapons with new or modified
military capabilitiesif thisis required in the future. Currently the DOD has identified no
requirements for such weapons, but our experience suggests that we are not always able to
predict our future requirements.” Brooks statement to Senate Armed Services Committee,
Apr. 4, 2005, p. 6, emphasis added.
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Appendix) toincrease confidenceinitsability toignitethe secondary, and by staying
within design parameters that past nuclear tests have validated. This conservatism
also applies to modifications of components.

Performance, Schedule, and Cost Tradeoffs. Performance has always
been thedominant consideration for nuclear weapons. Weaponsmust meet standards
for safety and reliability, and meet other military characteristics. During the Cold
War, schedule was also critical. With new missiles and nuclear-capable aircraft
entering the force at a sustained pace, warheads and bombs had to be ready on a
scheduledictated by their delivery systems. Asaresult, “ our nuclear warheadswere
not designed ... to minimize DOE and DOD costs.”* Now, reducing cost has a
higher priority. Cost reductionisalso morefeasible: performanceisstill dominant,
but no external threat drives the schedule.

Environment, Safety, and Health (ES&H). During much of the Cold War,
the urgency of production and the limited knowledge of the ES&H effects of
materials used or created in the nuclear weapons enterprise resulted in the use of
hazardous material s, dumping contaminants onto the ground or into rivers, exposing
citizensto radioactivefallout from nuclear tests, and thelike. Now, ES& H concerns
have grown within the nuclear weapons complex, reflecting their risein civil society
at large, leading to a strong interest in minimizing the use of hazardous materialsin
warheads and their production.

Skill Development and Transfer. During the Cold War, the design of
dozens of warhead types, the conduct of over 1,000 nuclear tests, and the production
of thousands of warheads exercised the full range of nuclear weapon skills. Now,
with no design or testing, no new-design warheads being produced, and with
warheads being refurbished at a slower pace than that at which they were originally
produced, some have raised concern that weapons complex personnel are not
adequately challenged. Inthisview, skill development and transfer can no longer be
simply abyproduct of the work, but must be an explicit goal of the nuclear weapons
program.

RRW and the Transformation of the
Nuclear Weapons Enterprise

Supporters see RRW as the basis for much more than addressing warhead
issues. Representative Hobson was, as noted, the prime sponsor of the effort to
establish RRW. Consequently, it is important to understand his intent for the
program. Heexpressed concern about the direction of nuclear policy. Inintroducing
the FY 2005 energy and water bill (H.R. 4614) to the House, he emphasi zed the need
to redirect the nuclear weapons complex:

much of the DOE weapons complex is still sized to support a Cold War
stockpile. The NNSA needs to take a ‘time-out’ on new initiatives until it

% Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 3.
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completesareview of itsweapons complex in relation to security needs, budget
constraints, and [a] new stockpile plan.®

At aNational Academy of Sciences symposium in August 2004, he expressed
concern about Administration nuclear policies and programs:

| was not comfortable with the Administration’s emphasis on new nuclear
weapons initiatives in the fiscal year 2004 budget request and repeated in the
fiscal year 2005 request. | view the Advanced Concepts research proposal, the
Raobust Nuclear Earth Penetrator study, and the effort to reduce the nuclear test
readiness posture to 18 months as very provocative and overly aggressive
policies that undermine our moral authority to argue that other nations should
forego nuclear weapons. We cannot advocate for nuclear nonproliferation
around the globe and pursue more useabl e nuclear weapon options here at home.
That inconsistency is not lost on anyone in the international community.*

Hesaw RRW asakey part of hiseffort toredirect U.S. nuclear strategy, reshape
the nuclear weapons stockpile and complex to support that strategy, undertake
weapons programs consistent with that strategy, and rej ect thoseinconsistent withiit.

I think the time is now for a thoughtful and open debate on the role of nuclear
weapons in our country’ s national security strategy. Thereisstill abasic set of
guestions that need to be addressed and |et me talk about some of those. How
large astockpile should we maintain, should we have aset of older weaponswith
many spares or should we have a smaller stockpile of more modern weapons?
What design and manufacturing capabilities do we need to maintain the DOE
nuclear weapons complex? And where should these complexes belocated? And
finaly, is this the best use of our limited, financia resources for national
defense? ... until we have this debate and devel op acomprehensive plan for the
U.S. nuclear stockpile and the DOE weapons complex, we're left arguing over
isolated projects such as the robust nuclear penetrator or the RNEP study....*’

Representative Hobson also stated:

The Reliable Replacement Warhead concept will provide the research and
engineering problems necessary to challenge the workforce while at the same
time refurbishing some existing weapons in the stockpile without developing a
new weapon that would require underground testing to verify thedesign. A more
robust replacement warhead, from a reliability standpoint, will provide the

% Congressional Record, June 25, 2004, p. H5085.

% Rep. David Hobson, “Remarks by Chairman David Hobson — House Appropriations
Subcommittee on Energy and Water Development, [to the] National Academy of Sciences,
Committeeon International Security and ArmsControl, Symposiumon‘ Post-Cold War U.S.
Nuclear Strategy: A Search for Technical and Policy Common Ground,”” Aug. 11, 2004, p.
3; available at [http://www7.national academies.org/cisac/Hobson_Presentation.pdf].

3" Congressman David Hobson, “U.S. Nuclear Security in the 21% Century,” addressto the
Arms Control Association, Washington, DC, Feb. 3, 2005. (Transcript as delivered.)



CRS-16

stockpile hedgethat is currently provided by retai ning thousands of unnecessary
warheads.®®

Thuswhilethe FY 2005 omnibus appropriations conferencereport and NNSA’ s
FY 2006 budget request presented aprogram of narrow scope, Representative Hobson
envisioned that RRW could be much more consequential. NNSA Administrator
Brooks agreed. In testimony of April 2005, he presented an expansive view of the
transformation of the nuclear weapons enterprise, with RRW asiits pivot point.

Let me briefly describe the broad conceptual approach for stockpile and
infrastructuretransformation. The*enabler” for suchtransformation, webelieve,
isthe RRW program. To establish the feasibility of the RRW concept, we will
use the funds provided by Congress last year and those requested this year to
begin concept and feasibility studies on replacement warheads or warhead
componentsthat providethe same or comparable military capabilitiesasexisting
warheads in the stockpile. If those studies suggest the RRW concept is
technically feasible, and if, as | expect, the Department of Defense establishes
a requirement, we should be able to develop and produce by the 2012-15
timeframeasmall build of warheadsin order to demonstratethat an RRW system
can be manufactured and certified without nuclear testing.

Once that capability is demonstrated, the United States will have the option to:
e truncate or cease some ongoing life extension programs for the legacy
stockpile,

» apply the savings from the reduced life extension workload to begin to
transform to a stockpile with a substantial RRW component that is both easier
and less costly to manufacture and certify, and

* use stockpile transformation to enable and drive consolidation to a more
responsive infrastructure.®

DOD, the* customer” and potential user of nuclear weapons, sets requirements
for typesand characteristicsof nuclear weapons. Representatives of the Office of the
Secretary of Defense, the armed services, and NNSA participate in the Nuclear
Weapons Council, which under 10 U.S.C. 179 coordinates their effortsin thisarea.
Clearly, if RRW isto progress, it would need the participation and support of DOD,
the services, and NNSA. A first step in that direction occurred in March 2005 when
the council, by unanimousvote, fully supported the RRW concept. Atthesametime,
RRW remains subject to congressional approval, rejection, or modification.

Steve Henry, Deputy Assistant to the Secretary of Defensefor Nuclear Matters,
provided thefollowing statement. Itisthefirst detailed statement of DOD’ sposition
on RRW:*

% Congressman David Hobson, “U.S. Nuclear Security in the 21% Century,” addressto the
Arms Control Association, Washington, DC, Feb. 3, 2005. (Remarks as prepared for
delivery.)

¥ Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 6.
“0 Statement provided to the author May 3, 2005.
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President Bushsaid, “ I am committed to achieving acredibledeterrent with
the lowest possible number of nuclear weapons consistent with our national
security needs, including our obligations to our allies. My goal is to move
quickly to reduce nuclear forces.”** To achieve this goal, we must have
confidence in the safety, security, and reliability of the weapons not just for
today, but for the long term and with the goal to reduce the likelihood of
resumption of nuclear testing.

Our current path does not adequately meet the President’ s guidance. The
current stockpile was built in the 80’s. These weapons are optimized for yield-
to-weight and were expected to remain in the stockpile for only about 20 years.
Under the current life extension program, these weapons would be refurbished
to extend their life for more than 30 years beyond their original design life.
Although any change to a weapon component is reviewed extensively, there
remains an uncertainty on the potential impact of cumulative changes.
Fundamentally, the life extension program would continue the reliance on Cold
War legacy designs that use toxic and high risk materials and provide only
limited opportunity to enhance safety and security with 21% century technology.
Additionally, in some cases, the life extension program would require the
reconstitution of expensi veweapons production processesthat were discontinued
more than a decade ago. Under the current path, the DOD would continue to
depend on non-deployed warheadsto hedge agai nst technical failuresand agai nst
geopolitical changes.

Itisin the best interest of the United States to pursue an aternate path. In
concept, areliablereplacement warhead (RRW) could providethat path. Ideally,
RRW would sustain the military capabilities of the existing stockpile but may
require relaxing some of the Cold War design requirements in order to use
replacement components. These components would be designed to increase
margins, providefor ease of manufacture and certification, and would reducethe
potential for failure due to design and manufacturing flaws and material aging
issues. These RRW characteristics would improve our ability to ensure
long-term confidencein the stockpile and reduce the likelihood of resumption of
nuclear testing, therefore potentially reducing the number of warheads needed
to hedge against technical surprises. Under the RRW concept, incorporation of
modern safety and security technology would be feasible. RRW could be the
enabler for the transformation to an efficient, responsive infrastructure, which
may help reduce the number of warheads needed to hedge against geopolitical
changes. As an example of how it would make manufacturing easier while
increasing safety within the nuclear weapons complex, it could eliminate the
need for many of the exotic and hazardous non-nuclear materials.

RRW would, in concept, offer other advantages as well, such as the
opportunity to exercise and transfer expertise. However, if we want to move
from our current path to RRW, we must do it soon because experienced nuclear
weapon designers with test experience are rapidly retiring.

The U.S. Strategic Command (STRATCOM), a component of DOD, is the
military command that operates and, at the President’s direction, would use U.S.
strategic nuclear forces. It provided the following statement on RRW:

“! President George W. Bush, “ Remarks by the President to Studentsand Faculty at National
Defense University,” Fort Lesley J. McNair, Washington, D.C., May 1, 2001.
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“STRATCOM will be participating in the joint RRW Project Officers Group, or
POG, with the NNSA, the Navy, and the Air Force, and STRATCOM'’ s position on
RRW will be based on the results of the RRW POG process.” #?

DOD’ sQuadrennia DefenseReview includesthefollowing statement on RRW:

The Department is working with the Department of Energy to assess the
feasibility and cost of the Reliable Replacement Warhead and, if warranted,
begin development of that system. This system could enable reductionsin the
number of older, non-deployed warheads maintained as a hedge against
reliability problemsin deployed systems, and assist in the evolution to smaller
and more responsive nuclear weapons infrastructure.®®

RRW islinkedto transforming the nuclear weaponscomplex. A DOE task force

endorses the immediate initiation of the modernization of the stockpile through
the design of the Reliable Replacement Warhead. ... [while meeting] military
requirements, the RRW family of weapons will be designed for: 1) production,
2) utilization of readily available materialsthat do not pose undue hazardsto the
Complex workforce, and 3) reduced production, maintenance, and disposition
costsover theweapon life-cycle. The Task Forcerecommendsthat anew version
of the RRW, incorporating new design concepts and surety features, initiated on
planned five-year cycles. This family of weapons will form the basis of the
sustainable stockpile of the future.*

To produce RRWs, the task force would consolidate nuclear production activities at
one site, contract out more production of nonnuclear components, and consolidate
certain redundant experimental facilities. Consolidation, it isargued, would permit
savings, such asin operationsand security. Because RRW would be designedin part
for ease of manufacture, it would in theory increase cost savings and would permit
a simpler and safer nuclear weapons complex. In the task force's view, this
infrastructure, combined with easier-to-produce RRWs, would be more responsive
to DOD’ s needs.

Skeptics’ Views of RRW

Because the RRW program is new, not clearly defined, and may hold benefits
aswell as costs, somewho arein the process of shaping their views on RRW and its
implications are skeptical but not critical of the program.

“2 |nformation provided by STRATCOM to the author, Apr. 29, 2005.
3 U.S. Department of Defense. Quadrennial Defense Review Report, Feb. 6, 2006, p. 49.

4 U.S. Department of Energy, Secretary of Energy Advisory Board, Nuclear Weapons
Complex Infrastructure Task Force, Recommendationsfor the Nuclear Weapons Compl e of
the Future, Final report, July 13, 2005, p. 13. Available at [http://www.seab.energy.gov/
publications/NWCITFRept-7-11-05.pdf]. Seea so CRSReport RL33256, Nuclear Weapons
Complex Reconfiguration: Analysis of an Energy Department Task Force Report, by
Jonathan Medalia.
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The House Armed Services Committee’s report on the FY2006 defense
authorization bill included a statement of additional views by most Democratic
members of the committee. According to the statement, “ Democrats are willing to
explore the concept of the RRW program, but do not yet embraceit.” Intheir view,
RRW would merit support only if it

e Truly reduces or eiminates altogether the need for nuclear testing;

e Leads to dramatic reductions in the nuclear arsenal, including
complete dismantlement of the weapons and safe disposal of
fissile components;

e Does not introduce new mission or new weapon requirements,
particularly for tactical military purposes;

e Reduces the reliance of the U.S. on nuclear weapons and
deemphasizes the military utility of nuclear weapons;

e Significantly reduces the cost of maintaining our nuclear weapon
complex, toinclude avoiding the need to build amodern pit facility;

e Increases nuclear security and decreases the risk of unauthorized or
accidental launch and/or detonation; and

e Leadstoratification and entry into force of the Comprehensive Test
Ban Treaty.*

Similarly, a letter drafted by Representative Tauscher and others to
Representatives C.W. Bill Young and David R. Obey, Chairman and Ranking
Member, respectively, of the House Appropriations Committee, and signed by at
least 51 Members of Congress, states that RRW “was added in the Omnibus
Conferencelast year to replace Advanced Concepts. The scope and direction of this
program must be clearly defined so that this program does not simply replacethe one
Congress canceled last year.” Further, “We are also concerned that shifting funding
from the cancelled Advanced Concepts program into the Reliable Replacement
Warhead program may result in new nuclear warheads moving forward without any
established need or compelling justification.”

Robert Peurifoy, aformer Vice President of SandiaNational Laboratories, feels
RRW has been oversold. He sees little difference between RRW and LEP; if a
component can be manufactured with materials different than the original under
RRW, for example, why couldn’t that be done under LEP? He notesthat that the
labs, using devel opment, production, and stockpiledata, haverepeatedly certified the
reliability for the nuclear explosive package of warheads at 100 percent; how, he
asks, can that be improved upon? If stockpile stewardship, including LEP as one of
itstools, can maintain warheads for nine years without testing, why can it not do so
indefinitely? Thelack of amilitary requirement for new-design warheads for many
years, and the questionable rationales presented for such warheads in the public

“5U.S. Congress, House Committeeon Armed Services, National Defense Authorization Act
for Fiscal Year 2006, H.Rept. 109-89, on H.R. 1815, 109" Congress, 1% session, 2005,
p. 512.

“6 |etter provided by Representative Tauscher’ s office, used by permission. For full text,
see [ http://www.ananucl ear.org/markeys%020l etter.html].
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debate, in his view, undermines the need for a“responsive’ infrastructure, as there
will likely be few if any events requiring a response.”’

Raymond Jeanloz is a Professor of Earth and Planetary Science and of
Astronomy at the University of California, Berkeley, and a long-time member of
scientific panels reporting on nuclear-weapon issues. His view depends on what
RRW is. He supports a version of RRW that would build on the success of the
Stockpile Stewardship Program (SSP) to improve manufacturing practices, lower
costs and increase performance margins, as these enhancements would support the
Administration’ sdecision to significantly reduce the size of the U.S. stockpile. This
RRW would stay within the design parameters that have been validated by nuclear
testing. In contrast, he opposes an RRW that would move beyond those parameters
in order to create new weapons, as that approach could lead to new weaponsthat are
less reliably validated, that require testing, and that would counter U.S.
nonproliferation efforts. In particular, hebelievesthat new designswould undermine
U.S. attemptsto convince other nations not to devel op nuclear weapons by showing
them that the United States still feelsthe need for new weapons. Whichever form of
RRW emerges, Jeanloz is concerned about the lack of clarity regarding the program
and its cost.®®

Sidney Drell, Professor Emeritus of Physicsat Stanford University, and James
Goodby, who held severa Administration positions in arms control, including
Special Representative of President Clinton for the security and dismantlement of
nuclear weaponsfrom 1995 — 1996, both have aview of RRW that depends on how
technologically ambitious the program is:

One direct way to simplify the process of certifying the reliability and
effectiveness of the warheads and to sustain this confidence over alonger period
of timeistoincreasetheir performance margins. An example of thisisto further
enhance the explosive energy provided by the primary stage of anuclear weapon
above the minimum required to ignite the secondary, or main, stage of anuclear
weapon. A straightforward way to do this that requires no explosive testing to
validate is by adjusting the boost gas fill in the primary during scheduled
maintenance or remanufacturing activities. This is an example of an existing
process for maintaining long-term high confidence in the arsenal. It is already
available, hashigh merit, and should continueto beimplemented.” Thisapproach
isthe appropriate focus of effort for the Reliable Replacement Warhead (RRW)
program currently being funded at the U.S. national weapons laboratories.

Turning the RRW program into an effort to devel op new-warhead designs
by altering the nature of the high explosives or the amount of nuclear fuel in the
primary without testing, as some have suggested, would be amistake. It takesan
extraordinary flight of imagination to postulate amodern new arsenal composed
of such untested designsthat would be morereliable, safe, and effectivethan the
current U.S. arsenal based on morethan 1,000 testssince 1945. A comprehensive
and rigorous stockpile maintenance program confirms and sustains this high

" These views are drawn from discussions and emails between Mr. Peurifoy and the author,
Mar.-Apr. 2005.

4 These views are drawn from discussions and emails between Professor Jeanloz and the
author, Mar.-Apr. 2005.
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confidence. If testing is resumed, the damage to the broader nonproliferation
regime, and thusto U.S. security interests, would far outweigh any conceivable
advantages to be gained from the new designs.

Opponents’ Views of RRW

Asthe RRW program has devel oped, opponents have emerged. They raisea
number of concerns. Intheir view, RRW could |ead to nuclear testing; it would run
counter to a U.S. commitment under the Nuclear Nonproliferation Treaty; it would
be costly, as it would require building perhaps thousands of warheads and could
require reconfiguring the nuclear weapons complex; it would demonstrate the
continuing valuethat the United States places on nuclear weapons, undermining U.S.
effortsto tell other nations that they should not devel op such weapons; and it could
lead to new weapons capable of performing new military missions. Robert Civiak
wasabudget examiner for the DOE budget at the Office of Management and Budget;
he prepared astudy of RRW for Tri-Valley CARES, an antinuclear group. He states:

[RRW] is the holy grail of the weapons labs — a guarantee of jobs designing
new nuclear weapons in perpetuity.

Thusfar, funding for the RRW program has been rather modest — $9 millionin
2005 and $25 million in 2006. If left unchecked, however, the weapons labs
would grow the RRW program into a multi-billion-dollar effort to redesign the
entire stockpile.  Nuclear weapon designers would ater the military
characteristics of existing weapons and would add new weapons with new
capabilities and new missions. Expensive new facilities would also be needed
to build the replacement warheads.

A broad RRW program would significantly harm our national security, primarily
because U.S. pursuit of an RRW would disrupt international cooperation in
nonproliferation. ... the Department of Defense (DOD) would likely demand that
any new warhead, which the RRW program might create, undergo full nuclear
explosive tests before DOD accepts it into the stockpile.®

According to Nuclear Watch New Mexico, an antinuclear group,

Nuclear Watch New Mexico fearsthat NNSA’sand LANL’ sembrace (no doubt
echoed by the Sandia and Lawrence Livermore National Laboratories as well)
of the RRW Program is a Trojan horse. Congress, when it reprogrammed
Advanced Concepts money, sought to create a program that would help ensure
the safety and reliability of the U.S.’ s nuclear weaponsoninto thefuture.... We
fear that, if left unchecked, the NNSA and the labs will turn the program into a

9 Sidney Drell and James Goodby, What Are Nuclear Weapons For ? Recommendations for
Restructuring U.S Strategic Nuclear Forces, Arms Control Association, Apr. 2005, pp. 19-
20. (Footnoteinoriginal isasfollows: 7. Executive Summary, JASON Report on Nuclear
Testing, JSR-95-320, Aug. 1, 1995.)

% Robert Civiak, “ The Reliable Replacement Warhead Program: A Slippery Slope to New
Nuclear Weapons,” a report from Tri-Valley CARES, Jan. 2006, p. 1. Available at
[http://www trivalleycares.org/ TVC_RRW_FNL .pdf].
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pending fourth generation of nuclear weapons of mini-nukes and other exotic
designs.™

Stephen Schwartz, editor and coauthor of Atomic Audit: The Costs and
Conseguences of U.S. Nuclear Weapons Since 1940, writes, “if the RRW program
proceeds it will amost certainly gradualy supersede stockpile stewardship,
transforming, its advocates hope, the arsenal and the weapons complex into amore
modern, more agile, and less expensive operation. ... But area debate on the future
role of U.S. nuclear weaponswould consider whether there should even bearolefor
such weapons ... A decision now to stop relying on nuclear deterrence could reap
tremendous savings.”>?> And Daryl Kimball, Executive Director of the Arms Control
Association, holds that

the rationale for [RRW] is dubious, the scope is vague, and it is potentially
dangerous. Congress must carefully define the scope and direction of the
program. Why? New replacement warheads are not necessary to preserve
existing U.S. nuclear-weapon capabilities. ... Worse still, if weapons scientists
get the green light to build more rugged nuclear weapons and the program is
given carte blanche, the weapons labs may, in the end, be able to achieve their
controversial new nuclear weapons research ambitions denied with the defeat of
[theRobust Nuclear Earth Penetrator]. ... Finally, replacing existing, well-proven
nuclear warhead designs with “new” and “improved” replacement warheads or
warhead components could, if carelessly pursued, increase pressure to conduct
nuclear explosive proof tests.>

Issues and Questions for Congress

RRW, as a hew program with far-reaching implications, raises many possible
issuesfor Congress. Some of them are noted here, along with possible questionsthat
Members may wish to ask of NNSA and of skeptics.

Are the Surveillance Program and LEP Sufficient to Maintain the
Stockpile? Skeptics hold that LEP works now, can work indefinitely, and should
improve over time. A 2002 report by the National Academy of Sciences stated:

we see no reason that the capabilities of those mechanisms [for maintaining
confidence in the stockpile] — surveillance techniques, diagnostics, analytical
and computational tools, science-based understanding, remanufacturing
capabilities — cannot grow at least as fast as the challenge they must meet.
(Indeed, we believe that the growth of these capabilities — except for
remanufacturing of some nuclear components — has more than kept pace with
the growth of the need for them since the United States stopped testing in 1992,

*> Nuclear Watch New Mexico, The Reliable Replacement Warhead Program: A Trojan
Horse?, Apr. 8, 2005, p. 2.

2 Stephen Schwartz, “Warheads Aren’t Forever,” Bulletin of the Atomic Scientists,
September/October 2005, p. 63.

% Daryl Kimball, Nuclear Bunker-Buster (AsWe Know It) IsDead, Oct. 26, 2005, available
at [http://www.armscontrol .org/subj ect/usnw/20051026_RNEP_Funding.asp].
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with theresult that confidencein thereliability of the stockpileis better justified
technically today than it was then.)*

Skepticsargue that SSP can accommodate minor variance in components made
with LEP. Variation hasalwaysbeen present in nuclear weaponsproduction. During
the Cold War, when thousands of warheads of a given type were made over aperiod
of years, small changes wereinevitable: materials would vary from one batch to the
next, vendors would reformulate materials slightly, processes were not completely
defined, and minor design or process changesweremade. Even when nuclear testing
wasavailable, it wasimpossibleto test all variations because the number of possible
combinations of variables was so large. Despite these limitations, weapons were
certified for use in the stockpile, indicating that some variance is acceptable.

RRW supporters argue that LEP will have increasing difficulty in maintaining
weaponsover thelongterm. Regardingtesting, they recognizethat it wasimpossible
to test all possible variations affecting warheads, but argue that such testing was
unnecessary because much variation fell within design parameters validated by
nuclear tests. At the sametime, testing was availableto address uncertainties and to
provide confidence in larger changes.

Possible Questions to NNSA. Might LEP succeed over the long term?
Ambassador Brooks has emphasized that “ stockpile stewardship is working,” but
expressed concern that there will be increased uncertainty in U.S. ability to certify
warheads for the stockpile over the long term.> But at what point will LEPs be
unable to sustain confidence in nuclear weapons? What is the basis for that
calculation? What isthe evidencethat LEPwill beunableto maintain warheads over
the long term?

New war heads: Ambassador Brooks sees RRW asthe enabler for transforming
the nuclear weapons stockpile and infrastructure, and said, “as part of the
transformation of the stockpile, we must preservetheability to produceweaponswith
new or modified military capabilitiesif thisisrequiredin thefuture.”* Why isRRW
needed for this purpose? Could the labs design, and the plants produce, a new
warhead in which they had high confidence without testing by using existing
capabilities?

Certification difficulties: Ambassador Brooks has argued that “it is becoming
more difficult and costly to certify warhead remanufacture.”>” What assurance is
there that this trend will continue, and not level off or decline? Even if the trend
wereto continue, thereisalso againinthelabs ability to understand, detect, and fix

> National Academy of Sciences. Committee on Technical Issues Related to Ratification
of the Comprehensive Nuclear Test Ban Treaty. Technical Issues Related to the Compre-
hensive Nuclear Test Ban Treaty. Washington, National Academy Press, 2002, p. 5.

* Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 2, 3.
% |hid., p. 6.
57 |bid., p. 3.
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stockpile problems. Are certification difficulties growing faster than advances that
facilitate certification?

Possible Questions to Skeptics. Might LEP fail over thelong term? A
key argument for RRW isthat LEP |ooks unsustainable for the long term, whether
for technical or cost reasons. In thisview, LEP locks the nuclear weapons complex
into maintaining components, materials, and processes that become increasingly
removed from current technology, so that multiple LEPs will inevitably lead to the
accretion of dight differencesin weapons componentsover timethat will undermine
weapon reliability. Why isthis problem not likely to cause the LEP processto fail
over time?

RRW vs. LEP: Even under LEP, nonnuclear components can be modified
significantly because they do not require nuclear testing. Some modifications to
nuclear explosive components are inevitable under LEP. RRW nuclear explosive
components would arguably stay within design parameters validated by nuclear
testing. How much differenceisthere between RRW and LEP? IsRRW simply an
extension of LEP?

Would proceeding with LEP preclude RRW? An argument for proceeding with
RRW promptly is that the W76 and W80, which constitute the bulk of deployed
warheads, will be undergoing LEPssoon. Refurbishingthemwith LEP, inthisview,
would lock NNSA into LEP and the current nuclear weapons complex for a decade
to do the LEPs, and another two or three decades while these warheads remain
deployed. Thisresult, it isclaimed, would preclude RRW. What should one make
of this argument?

An acceptable RRW: RRW isin the process of being defined. Isthereavariant
of RRW that skeptics would support? What changes to RRW in its current form
would they see as essentiad? What limitations on the program would they
recommend?

Possible Questions to Opponents. Longevity of current warheads: One
criticism of RRW isthat it is not needed because current warheads will be effective
for many years. How confident can opponents be in this assessment? What are the
consequences if they are wrong? Given that it would take many years to design,
develop, and produce large numbers of new warheads to replace current versions if
they encounter problems, would it make sense to hedge against that contingency by
beginning now on RRW?

Is RRW Needed in Order to Provide New Military Capabilities?
Ambassador Brooks maintains that the current stockpile may be wrong from a
military perspective. He argues that yields are too high, there is potential for too
much collateral damage, welack the capability to destroy buried facilitiesor facilities
containing chemical or biological weapons, warheads could be more accurate, and
they arenot geared for small-scale strikes. Hehassaid, “wemust preservethe ability
to produce weapons with new or modified military capabilitiesif thisisrequired in
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the future.” He views RRW as the “enabler” for transforming the stockpile.*®
Examplesof warheadsthat might benefit from modificationsto thenuclear explosive
package to tailor radiation outputs include those to create el ectromagnetic pulse to
destroy electronic equipment, and those to destroy chemical or biological agents.

RRW skeptics would challenge the need for new military capabilities. They
maintain that current weapons possessavast range of capabilitiesthat should suffice
for the limited contingencies in which the United States might use them.
Ambassador Brooks does not claim that new capabilities are needed, only that they
might beinthefuture. Further, they argue, many of Ambassador Brooks' s examples
are irrdlevant to RRW. Accuracy depends mainly on the reentry vehicle and the
missile’ s guidance. The ability to conduct small strikes depends on command and
control. There may be various ways to reduce the yield, and collateral damage, of
existing weapons. Unmodified weapons can generate el ectromagnetic pulse, as has
been known since around 1960.> Even modified nuclear weapons may be unableto
destroy chemical or biological agentsin buried facilities.®® Accordingly, opponents
challenge the new-capabilities argument as arationale for RRW.

Possible Questions to NNSA. Sockpile needs: Ambassador Brooks has
stated that the current stockpile “may also be the wrong stockpile from a military
perspective.”® While there are no current requirements for new warheads, what
potential future military requirements could be met only with RRW? Why is the
current stockpile wrong from amilitary perspective, given the wide range of yields
available in its weapons?

Possible Questions to Skeptics. New weapons. Some argue that the
United States should not build new nuclear weapons, and express concern that RRW
may permit new weapons. But what, exactly, is a new weapon? Various criteria
might be set forth, but none seem precisely applicable. One criterion might be a
weapon that requires testing, but testing an existing weapon to fix a problem would
not create anew weapon. Another criterion might be anew mission, but the Robust
Nuclear Earth Penetrator, if it is ultimately deployed, would have the same mission
asthe B61-11 earth penetrator deployed in the 1990s, which replaces amuch larger

%8 |bid., pp. 3, 6.

% U.S. Departments of Defense and Energy, The Effects of Nuclear Weapons. Compiled
and edited by Samuel Glasstone and Philip Dolan (Washington: GPO, 1977), p. 514.

€ A National Academy of Sciences report stated, “An attack [on achemical or biological
weapons facility] by a nuclear weapon would be effective in destroying the agent only if
detonated in the chamber where agents are stored,” and that the uncertainty of survival of
an earth penetrator weapon increases with a depth of penetration greater than 3 meters.
National Academy of Sciences. National Research Council. Division on Engineering and
Physical Sciences. Committee on the Effects of Nuclear Earth-Penetrator and Other
Weapons. Effectsof Nuclear Earth-Penetrator and Other Weapons (Washington: National
Academies Press, 2005); prepublication copy, pp. 9-1 and 9-2. By thisreasoning, anuclear
attack on a chemical or biologica weapon facility buried at a moderate depth would
probably fail.

¢ Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 3.
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bomb for that mission, the B53, deployed decades earlier. And couldn’t the nuclear
weapons complex build a new weapon using LEP?

Possible Questions to Opponents. New weapons for new missions:
Opponents hold that RRW could enable the United States to build new weaponsfor
new missions. Inthisargument, even though NNSA plansto develop RRWsthat do
not have added military capability and are not intended for new missions, the
capability to design and manufacture new nuclear explosive packages necessarily
gives NNSA the ability to build more-capable weapons for new missions. Yet a
decision to proceed with anew warhead woul d need to be approved by Congressand
thePresident. Would that provide sufficient assurance against such weapons? If not,
isthat sufficient reason to forgo the RRW program? Isthere any other way to ensure
that the capability acquired through RRW will never be used for this purpose?

Might RRW Permit a Reduction in Warhead Numbers? The United
States retains many reserve warheads. Some are for surveillance, as described in
“The Solution So Far: The Life Extension Program,” above. Some hedge against a
potential need for more deployed weapons, which isimportant because the United
States has been unable to produce weapons for the stockpile since shortly after the
Rocky Flats pit production plant closed in 1989. (See Appendix.) Others hedge
against thefailure of someweapons; for example, NNSA retainsat | east two warhead
typesfor each delivery system— W62, W78, and W87 for |and-based missiles, W76
and W88 for submarine-launched missiles, B61 and B83 bombsfor aircraft, and W80
and W84% for cruisemissiles. Inthat way, thefailure of onewarhead typewould not
compel the withdrawal of an entire class of delivery systems. Still others insure
against an inability by NNSA to maintain the stockpilewith LEP. Whileal units of
agiven warhead type age at the samerate, individual unitsdiffer slightly, so may fail
at different times or for different reasons.

In the view of DOD and NNSA, RRW would permit a reduction in warhead
numbers. Current warheads could be replaced with fewer warheads designed, under
RRW, to provide higher confidencein long-term sustainability. RRW would aso be
linked to a production complex that could manufacture at least small numbers of
warheads to respond to new military requirements, permitting afurther reduction in
stockpiled warheads.

RRW supporters believe that RRW creates an additional path, beyond that
offered by LEP, for increasing confidencein warheads. They statethat, under LEP's
approach of minimizing changesto the nuclear expl osive package, problemscanonly
be resolved by attempting to reduce uncertainties through technical analyses, while
RRW also provides the option of increasing margins by redesigning components to
compensate for uncertainties.®®

2 The W84 is not in the active stockpile.

% The weapons|abs are devel oping atechnique, quantification of marginsand uncertainties
(QMU), to evaluate how changes affect weapon performance. Theideaisto identify key
segments of aweapon’s performance (e.g., high explosive detonation), the minimum and
maximum valuesrequired for each segment to perform asintended, therange of uncertainty

(continued...)
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Skepticsendorse stockpile reductions, but would question the need for RRW to
meet thisgoal. They argue that other means can maintain confidence in warheads.
For example, tritium gas, which is used to boost a weapon’syield (see Appendix),
decays radioactively, so changing a weapon’'s tritium more frequently could
compensate for uncertainties introduced by slight changes in weapon components
under LEP.** This change can be made under LEP with no impact to the nuclear
explosive package. Skeptics also point out that RRW would not address some
reasons given for areserve stockpile, so that RRW by itself would not permit large
reductions.

RRW supporters agree that changing tritium more frequently could forestall
some problems, but note that so doing cannot solve others. For example, adight
asymmetry in the implosion wave might cause the primary to fail, or afailure of the
radiation case would prevent the secondary from detonating.

Possible Questions to NNSA. Warhead reductions. President Bush has
said, “l am committed to achieving a credible deterrent with the lowest possible
number of nuclear weapons consistent with our national security needs...”®
Ambassador Brooks indicated that RRW could help meet thisgoal.* What fraction
of nondepl oyed warheads could be eliminated from the stockpile under RRW? How
would RRW would permit this reduction? What changes would have to be made,
such as streamlining the nuclear weapons complex or rebuilding warheads, under
RRW to permit such reductions? What is the schedule for such reductions? If no
schedule is available, when might it be? Would DOD find it acceptable to replace
the current nondeployed stockpile with fewer RRW warheads rather than replacing
existing warheads unit for unit with RRW warheads?

&3 (...continued)

associated with those values, and the design margins. Under QMU, the labs could have
confidence in the warhead if margin exceeds uncertainty at each segment. QMU could be
used with LEP or RRW. For more on QMU, see David Sharp and Merri Wood-Schultz,
“QMU and Nuclear Weapons Certification: What' s under the Hood,” Los Alamos Science,
no. 28, 2003, pp. 47-53; and D.H. Sharp, T.C. Wallstrom, and M.M. Wood-Schultz, Physics
Package Confidence: ‘ONE’ vs. ‘1.0°, NEDPC [Nuclear Explosives Design Physics
Conference] 2003, LAUR-04-0496.

8 “In certain cases, dight changes in the attributes of a nuclear weapons component, such
asthose introduced by using new technologies, can be rendered unimportant by increasing
the margin of performance of the weapon. By margin of performance, we mean the
difference in primary yield which is expected from a normal weapon and the minimum
primary yield which will drivethe secondary to essentially full yield. The margin available
to a specific weapon changes with time and circumstances, notably because primary yield
isso sensitively dependent on the amount of tritium availableinthe gas system.... Thereare
various meansto enhance the margin without resorting to underground tests ... But it seems
clear that the most significant opportunity to enhance margin liesin the gas supply system.
... one obvious means is to shorten the tritium refill cycle so that large excursions in the
amount of tritium do not occur.” Drell, Jeanloz, et al., Remanufacture, pp. 23-24.

¢ President George W. Bush, Remarks by the President to Students and Faculty at National
Defense University, Fort Lesley J. McNair, Washington, D.C., May 1, 2001.

% Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 6.
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Possible Questions to Skeptics. Tritium and warhead reductions:
Improving warheads' tritium supply to compensate for any erosion of confidence
addresses only one problem. Others unrelated to tritium can reduce confidence as
well. Towhat extent would improvementsto tritium supply, by themselves, increase
confidence enough to permit a reduction in warhead numbers? What would be the
basis for this judgment?

Possible Questions to Opponents. Costs, risks, and benefits of warhead
reductions through RRW: NNSA claims that RRW would permit a reduction in
number of nondepl oyed warheadsto hedge against warhead failures. Further, inthis
view, aresponsiveinfrastructure would permit areduction in nondepl oyed warheads
retained to hedge against adverse geopolitical developments, as this infrastructure
could produce warheads in time to respond to such developments, and could do so
more readily for RRWs than for current warheads. What are the flaws in this
argument? What are its costs and risks? If the argument is correct, what is the
balance between these costs, risks, and benefits of RRW? If the United States
forgoes RRW and some current warheads must be withdrawn from service because
they became unreliable, would the resulting force structure be acceptable?

Will RRW Save Money? Supportersclaim that RRW would save money for
the following reasons. Using fewer hazardous materials in components and
production processes would reduce the cost of handling, worker and environmental
protection, and waste disposal. Components designed for ease of production could
be produced with less equipment, in lesstime, and on less floor space. Components
less sensitive to minor variations in dimensions and materials would have fewer
production units rejected, reducing the waste stream and effectively increasing
capacity. Use of more advanced warhead use-control features would permit a
reduction in the cost of physical security. Increasing warhead safety would reduce
the risk of plutonium dispersal in afire, and the resulting cost. Reducing stockpile
size would lower security and maintenance expenses.

Skepticsfavor holding down costs, but not at the expense of confidencein the
stockpile. They place more confidence in LEP, and would rather use it even if it
costs more than RRW. They also anticipate that RRW would entail high transition
costs for development of warhead components and production processes,
construction of new nuclear weapons complex facilities, and modification of large
numbers of warheads. Posited savings from RRW in operations and maintenance,
corrected for inflation, would have to exceed these up-front investment costs for the
cost argument to be valid. With RRW at a preliminary stage, skeptics doubt that
RRW supporters have nearly enough data to make cost comparisons.

RRW may offer DOD potential cost and other benefits. For example, the Air
Force must expend much effort to remove missile warheads for maintenance.®” If

" An Air Force officer who formerly commanded aMinuteman |11 ICBM squadron detailed
the activities needed to maintain warheads on those missiles. Since warheads cannot be
worked on while amissileisin its silo, the missile's forward section, including warheads
and their protective shroud, must be removed from the missile and transported to

(continued...)
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RRW proves able to reduce maintenance requirements, as its proponents hold, it
would lower the operating tempo and reduce the number of personnel needed, saving
money and effort. Fewer operationswould a so reduce the vulnerability of missiles
and warheads, wear on equipment, and risk to personnel.

Possible Questions to NNSA. Cost: Ambassador Brooks has stated that
he thinks RRW would save money.® Implementing RRW would entail large
investments to devel op warheads using RRW, revise the nuclear weapons complex,
produce perhaps thousands of warheads designed with RRW, decontaminate and
decommission existing nuclear weapons complex facilities, and eliminate existing
warheads. At the sametime, asmaller complex, more efficient production, simpler
maintenance, and longer interval sfor major overhauls of warheads could yield long-
term savings. What is the basis for claiming that the long-term savings would
outweigh the investment costs? Counting costs beginning now, how many years
would it take before investment and operating costs for RRW were |ess than those
for LEP? If no answer is currently available because of limited data and analysis,
when doesNNSA anticipate that the program will have advanced enough to provide
an answer?

Possible Questions to DOD. Savings. Is there an estimate of the
operational savingsthat RRW might permit? RRWs might have added use-control
features designed in; would such features permit areduction in the level of security
that DOD applies when removing warheads from missiles for maintenance?

67 (...continued)

maintenance buildings on the base. Removing this section requires much effort. The blast
door, a large reinforced-concrete slab weighing some 100 tons, must be opened.
Technicians suspended in the launch tube ensure the missileisin a safe configuration and
separate the front section from the missile. A tractor-trailer truck drives over the silo and
winches the missile’s front end up into the truck. When that truck moves away, a similar
truck drives over the silo and lowers areplacement front end to minimize the time that the
missileisoff line. Thefront end isattached, thesiloisclosed, and the trucksreturn to base.
Because of the increased vulnerability of missile and warheadsto terrorist attack while the
launcher door isopen, thisoperation requiresheavy security throughout: helicopter coverage
overhead, alarge convoy, and security personnel patrolling the areaaround theroads. The
drive can be as long as 140 miles each way. Several dozen people are involved, and the
operation may take asmuch as 16 hours. Somewarhead maintenanceis performed on base;
in other cases, warheads are sent to nuclear weapons complex facilities using DOE
transportation assets.

Thisoperation entailslarge supporting costs. Top leadership at the base must sign off
each time, and many units at the base, including operations, maintenance, security, and
transportation, areinvolved. Equipment for usewith nuclear weaponsis specially designed,
certified, and inspected. Personnel involved with nuclear weaponsare certified through the
Personnel Reliability Program, which requires extra background and health checks, and
continuous monitoring of the health and reliability of such personnel. Evenacold may keep
aperson off duty temporarily. Because of the greater demand for personnel with security
clearances since 9/11, the screening process has slowed considerably, creating shortages.

% |bid.
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Possible Questions to Opponents. Cost: RRW will entail large
investment costs for design, Complex reconfiguration, and production, but oncethe
investment is made operating costs should, by design, be low. In contrast, some
arguethat LEP, over time, islikely to incur substantial and rising costsasit becomes
ever more difficult to operate and maintain weapons using tedious methods and
obsol ete technologies. Some of these costs may beless obvious, asin the Air Force
exampleabove. Isthereabasisfor believingthat LEP soperating costswill not rise?
Or that LEP scostsover the next, say, three decadeswill belessthan those of RRW?

How Might RRW Affect the Nuclear Weapons Complex? A responsive
infrastructure, including the nuclear weapons complex, is an element of the New
Triad.*® Responsiveness includes (1) flexibility, the ability to switch rapidly from
work on one warhead type to work on another in case adefect isfound that requires
a prompt fix; (2) timeliness, the ability to modify warheads or make new-design
warheadsif needed in time to respond to potential threats, if called for by DOD; and
(3) capacity adequateto makefixesin areasonabletimeto awarhead typewith many
deployed units, or so that it could work on several warhead types simultaneously.

A responsive infrastructure, RRW supporters believe, requires new-design
components. Components that are designed for ease of manufacture and that
minimize the use of hazardous materials would permit the plants to use simpler
production processes and produce at a faster rate. Conversely, by increasing
confidence, RRW could enable DOD to shift its hedge against potential weapon
problems from maintaining many inactive warheads to a more responsive
infrastructure, thereby reducing the number of nondeployed warheads and the size
of the complex needed to support the stockpile.

Skeptics would question whether an LEP infrastructure would be much less
responsive than an RRW infrastructure. New-design nuclear explosive package
componentsfully supportable by nuclear test datacould be done under LEP or RRW.
Skeptics maintain that the remaining subset of components, new-design nuclear
explosive package components not fully supported by test data, would involve
considerable equipment and skill to produce even under RRW. Worse, they fear,
such componentsmight introduce problems, and correcting them woul d absorb much
of the capacity of theinfrastructure, reducing itsresponsiveness. Finally, they assert,
responsiveness can be gained in ways other than component design, such as by
investment in equipment, facilities, and R& D on manufacturing. Skeptics, however,
do not oppose all manufacturing improvements. Someimprovements could produce
componentstotighter tol erances, reducing variationsthat might rai se questionsabout
reliability. Skeptics seeasmaller stockpile asthe best way to assure responsiveness
by easing the burden on the production complex.

% Crouch, “ Special Briefing onthe Nuclear Posture Review,” Jan. 9, 2002. Whilethe Cold
War “old triad” had three types of nuclear weapons — intercontinental ballistic missiles;
missile submarines and submarine-launched ballistic missiles; and bombers and bomber-
delivered weapons— the“New Triad” of the Nuclear Posture Review consistsof offensive
strike capabilities (the“ old triad” plusnonnuclear forces), missile defense, and aresponsive
infrastructure (including but not limited to the nuclear weapons complex), all supported by
command, control, intelligence, and planning. Seeibid., and U.S. Department of Defense,
Findings of the Nuclear Posture Review, Jan. 9, 2002.
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Skeptics may find the nuclear weapons complex under RRW, as described
below by NNSA Administrator Brooks, to be troubling:

Establishing a responsive nuclear infrastructure will provide opportunities for
additional stockpile reductions because we can rely less on the stockpile and
more on infrastructure (i.e., ability to produce or repair warheads in sufficient
guantity in atimely way) in responding to technical failuresor new or emerging
threats.”

If we can establish aresponsive infrastructure and demonstrate we can produce
replacement warheads on the same time scale in which geopolitical threats
emerge — and if we can demonstrate that we can respond quickly to technical
problems, then | believe we can go much further in reducing nondeployed
warheads in order to meet the President’ s stated vision of the smallest stockpile
consistent with our nation’s security requirements.”

Skepticstakethese statements as evidence that RRW would entail asubstantial
production capacity and the ability to design weapons and start production quickly,
thereby enabling the buildup of a larger stockpile if desired. They believe that
sufficient manufacturing processes could be upgraded under LEP, and reject the
implication that only RRW could deliver a more efficient and responsive complex
to support a smaller stockpile.

RRW advocates, however, maintain that the United States needs a nuclear
weapons complex as Ambassador Brooks described because it addresses
contingencies that could well arise. The United States may need to (1) design and
produce new or modified warheads quickly to meet new threats; (2) rebuild severa
warhead types at the same time; (3) conduct alarge-scale, rapid rebuild to correct a
defect in a type of warhead deployed in large numbers, and (4) rebuild a smaller
stockpile on a continuing basis to avoid issues that could cause uncertainty in
performance. Substantial capacity isneeded to meet any of these goals, let alone all
of them simultaneously. However, they argue that this capacity does not mean that
the United States will build a large stockpile; the President and Congress would
decide on stockpile size.

Possible Questions to NNSA. Capacity: As noted, Ambassador Brooks
has implied that a new nuclear weapons complex might need to be able to produce
warheads at a substantial rate. What capacity does NNSA envision? Transforming
the nuclear weapons infrastructure could cost many billions of dollars. Could we
attain the needed capacity by using that money to upgrade the existing infrastructure
under LEP?

" Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 3.

" Senate Armed Services Committee hearing, Srategic Forces/Nuclear Weapons, Apr. 4,
2005.
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Infrastructure responsiveness. Ambassador Brooks saw “a responsive
infrastructure asessential to reducing total stockpilenumbersand associated costs.” 2
Why is the current infrastructure not responsive? What steps would make it
sufficiently responsive, and what would they cost? Would the savingsfrom reducing
stockpile numbers outweigh the costs of building aresponsiveinfrastructure? Could
the United States secure sufficient responsiveness at a fraction of the RRW
investment cost by upgrading the existing nuclear weapons infrastructure?

Training: Ambassador Brooks stated, “We are losing expertise” because this
nation has not fielded a new warhead in 20 years or modified one in 10 years, yet
current weapons staff with skills sharpened by nuclear testing areretiring.” Hefears
that if training “is disconnected from real design work that leads to engineered
systems,” the next generation may “understand the theory, but not the practice, of
warhead devel opment,” which could threaten future ability to maintain the stockpile.
What are the advantages of training designers using RRW rather than LEP?

Possible Questions to Skeptics. RRWand beyond: Ambassador Brooks
views RRW as a key to transforming the nuclear weapons enterprise.” It would
support anew stockpile, permit asmaller stockpileand greater confidenceinitslong-
term sustai nability, permit anew nuclear weapons complex, reduce costs, and reduce
the prospect of nuclear testing, to nameafew. Canthisview bejustified? Arethese
larger goals unreasonable? Can RRW be the basis for reaching them?

Possible Questions to Opponents. Need to modernize the complex.
Many production facilities of the nuclear weapons complex are old. The DOE task
force referenced earlier “found the production side of the Complex operating from
World Waer Il erafacilities, lackingin modern-day production technol ogy and striving
to optimize performance with antiquated equipment and facilities.” ™ The complex
will have to maintain or build whatever warheads are in the stockpile. Will the
current complex need to be modernized even to conduct LEPS? If not, why not? If
so, would it be less costly to modernize a complex intended to produce warheads
designed in part for ease of manufacture than to modernize a complex to support
current warheads? If the complex is modernized but RRW does not proceed, could
amodernized complex support decades-old warheads, or would such modernization
introduce changes when replicating components?

Might RRW Undermine U.S. Nonproliferation Efforts? Skepticsoppose
RRW to the extent that it entails a substantial production capacity, facilitates the
devel opment of weaponswith new military capabilities, or leadsto testing. They are
concerned that a program of that sort may appear to run counter to the U.S.
commitment in Article VI of the Nuclear Nonproliferation Treaty (NPT) to “pursue
negotiationsin good faith on effective measures relating to cessation of the nuclear

2 Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 5.
B 1bid.
“1bid.

> Secretary of Energy Advisory Board, Recommendations for the Nuclear Weapons
Complex of the Future, p. 1.
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arms race at an early date and to nuclear disarmament...” Further, a statement by
China, France, Russia, the United Kingdom, and the United States to the 2000 NPT
Review Conferencereiterated “ our unequivocal commitment to the ultimate goal s of
acomplete elimination of nuclear weapons...””® In this view, reaffirming the value
of nuclear weapons through programs such as RRW would make it harder for the
United States to achieve its nonproliferation objectives diplomatically. Member
states of the NPT, meeting in New York in May 2005 to review treaty
implementation, have criticized the United States, though not by name, for nuclear
weapon programs, which they see asinconsistent with Article VI of the treaty.”

RRW’ s supporters counter that RRW will increase confidencein thereliability
of weapons and in the ability to certify them over the long term. Asaresult, RRW
will reduce the probability that the United Stateswill resume nuclear testing and will
permit asubstantial reductionintheU.S. nuclear stockpile, both of which could have
a positive effect on nonproliferation. In addition, some may take the view that an
RRW programthat facilitated the devel opment of nuclear weaponswith new military
missions could help dampen proliferation by strengthening deterrence.

Possible Questions to NNSA. Capacity andtheNPT: InArticleVI of the
NPT, the parties agreed to negotiate toward nuclear disarmament. The partiesto the
treaty met at U.N. Headquartersin May 2005 for afive-year review of theNPT; some
participants criticized U.S. nuclear weapons programs and policies as running
counter to ArticleVIl. How doesNNSA sguare anew nuclear weaponsinfrastructure
that could produce substantial numbersof new-desi gn replacement warheadsquickly
with Article V1?

Sustainability and the NPT: RRW warheads would, by design, be easier to
maintain over thelong term. Other nations might infer from the replacement of the
current stockpile with RRW warheads that the United States is preparing to retain
nuclear weaponsfor the indefinite future, and might view that action asinconsistent
with nuclear disarmament. On the other hand, Article VI calls for negotiations for
effective measures relating to nuclear disarmament, and it could be argued that a
longer-lived stockpile has no bearing on the course of any such negotiations. What
iISNNSA’sview ontherelationship, if any, between stockpile sustainability and NPT
obligations?

Possible Questions to Skeptics. RRW and nuclear proliferation: An
argument against RRW is that, by replacing the current stockpile with thousands of

6 Statement by the Delegations of France, the People's Republic of China, the Russian
Federation, the United Kingdom of Great Britain and Northern Ireland, and the United
States of America, introduced in Satement to the 2000 NPT Review Conference, by H.E.
Hubert de la Fortelle on behalf of the U.N. permanent five nuclear weapon states, May 1,
2000, available at [http://www.ceip.org/programs/npp/npt2000p5.htm].

" See, for exampl e, the statement of Ambassador Wernfried K oeffler, Head of Delegation,
Austria, to the 2005 NPT Review Conference, “Our concern that nuclear weapons are still
central to strategic planning is increased by reports of intentions to develop new nuclear
weaponsor alter their design for new uses. Even the affirmation that only conceptsare being
studied is not reassuring,” p. 4.
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warheads designed to be more sustainable over the very long term, and replacing the
current nuclear weapons complex with a new complex designed to sustain RRW
warheads, other nations may infer that the United States plans to keep its warheads
indefinitely. That could beviewed as contradicting U.S. commitmentsunder Article
VI of the NPT. On the other hand, it could be argued that the United States must
maintain its warheads, that RRW is a better way than LEP to do this, and that a
decisionto eliminate U.S. warheadsisaseparate debatefrom RRW. How may RRW
affect U.S. nuclear nonproliferation efforts?

Possible Questions to Opponents. Linkbetween RRWand proliferators:
An opponent of RRW argues that “U.S. pursuit of an RRW would disrupt
international cooperation in nonproliferation. That would diminish pressureon Iran
and North Koreato forego their nuclear weapons programsand would disrupt efforts
to eliminate clandestinetraffickingin nuclear material sand equipment.” ”® Giventhat
Iran and North Korea have been pursuing their nuclear programs for decades, how
can opponents be sure that there is a direct link between RRW and the nuclear
programs of these nations? What grounds are therefor believing that ahalt to RRW
would influence these nationsto halt their nuclear programs? Many nations have an
interest in halting nuclear proliferation; how would RRW lead them to take aless
aggressivestancetoward eliminating “ clandestinetrafficking in nuclear materialsand
equipment” ?

Might LEP or RRW Lead to Nuclear Testing? Almost al participantsin
the RRW debate prefer to avoid nuclear testing. P.L. 109-163, the FY 2006 National
Defense Authorization Act, declares (Section 3111) that an objective of RRW is“To
further reduce the likelihood of the resumption of underground nuclear weapons
testing.” (Nuclear testing in the atmosphere, in space, and under water is banned by
theNuclear Test Ban Treaty of 1963.) The Administration has continued the nuclear
test moratorium, though it has asserted it would test if required.” That has not been
needed because DOD has no requirement for nuclear weaponswith new or modified
capabilities, and because the Secretaries of Defense and Energy have been able to
certify the stockpile without testing.®* Because the Bush Administration does not
support the Comprehensive Test Ban Treaty,™ it has not spelled out arguments
against testing. It could be, however, that because testing could cause massive
protests domestically and internationally, part of therationalefor avoiding testingis
political. Further, most nations would likely view resumed U.S. testing as a clear

8 Robert Civiak, “The Reliable Replacement Warhead Program,” p. 1.

" Brooks testified, “We believe the nation must be prepared to carry out an underground
nuclear test in the event of unforeseen problems that can't be resolved by other means.”
U.S. Congress, House Committee on Armed Services, Strategic Forces Subcommittee,
FY2006 budget request from the Department of Energy on Atomic Energy Defense
Activities, hearing, Mar. 2, 2005.

8 Senate Armed Services Committee hearing, Strategic Forces/Nuclear Weapons, Apr. 4,
2005.

8 Thetreaty would ban nuclear explosions. It was opened for signaturein 1996 but has not
entered into force. The U.S. Senate rejected it in 1999. See CRS Issue Brief 1B92099,
Nuclear Weapons. Comprehensive Test Ban Treaty, by Jonathan Medalia.
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breach of U.S. obligations on behalf of nuclear disarmament and could lead to the
unraveling of the nuclear nonproliferation regime and to testing by others.

NNSA argues that RRW would reduce the need for testing. Ambassador
Brookshassaid, “not only isthereliable replacement warhead program not designed
to foster a return to nuclear testing, it is probably our best hedge against the need
sometime in the future to be faced with the question of a return.”®* Components
could be designed to be less sensitive to minor changes in materials and processes
andto permit|looser tolerances. Asaresult, uncertaintiesthat might prompt anuclear
test on current weapons might be acceptable with RRW components.

Skeptics endorse a continuation of the nuclear test moratorium, and fear that
changes under RRW that NNSA claims would reduce the need for testing could
actually increaseit. Small changesto the nuclear explosive packagethat werewithin
the parameters validated by past nuclear tests could be done under LEP. Itisasyet
unclear if changes made under RRW would be within these parameters; changes of
greater magnitude could undermine confidence in the warhead and lead to testing.

Possible Questions to NNSA. RRW and reduced nuclear testing:
Ambassador Brooks has anticipated that RRW will reduce the need for nuclear
testing.®® How will RRW achieve this goal? Does NNSA have plans for how it
might respond if severe design flaws were discovered in RRW weapons? Would
new-design components stay within the design parameters validated by past nuclear
tests? What would bethe processfor validating new design componentsthat are not
withindesign parametersvalidated by previoustestswithout aresort to testing? What
evidence is there that DOD would accept RRWsinto the stockpile without testing?

Possible Questions to Opponents. Likelihood of testing with LEP or
RRW: Opponents express concern that RRW could lead to testing. One said,
“replacing existing, well-proven nuclear warhead designswith ‘ new’ and ‘improved’
replacement warheads or warhead components could, if carel essly pursued, increase
pressure to conduct nuclear explosive proof tests.”® Said another, “once an RRW
isdeveloped, itislikely that military plannersin the DOD will require anuclear test
beforethey accept it into thestockpile. ... A Machiavellian might say that 1ab experts,
who claim they can develop an RRW without testing, are attempting a bait and
switch trick.”® NNSA'’s position is that testing is more likely to be required in the
future with current warheads because the complex designs are vulnerable to small
changes that result from aging or from remanufacturing replacement components.
What isthe basisfor thinking that testing would be more likely with RRW than with
current warheads?

8 Senate Armed Services Committee hearing, Strategic Forces/Nuclear Weapons, Apr. 4,
2005

8 Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 5.
8 Kimball, Nuclear Bunker-Buster (As We Know It) Is Dead.
& Civiak, The Reliable Replacement Warhead Program, p. 9.
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Increasing confidence that testing would not be needed with RRW: Given that
RRWs are to be much simpler than that of current warheads, outside experts who
opposeareturn to nuclear testing might, after reviewing proposed designs, computer
model s, experimental data, and associated documentation, be ableto judgewith high
confidence whether or not the design required testing. Would ajudgment favorable
to RRW convince opponents that RRW would not need testing?

Might RRW Enable an Increase In Inherent Warhead Security? There
are two aspects to warhead security — access control and use control. Thefirstisa
matter of physical protection and isthe responsibility of DOD or DOE. The second
isensuring that anyone who gains unauthorized access to awarhead cannot detonate
it. Inthewake of the 9/11 attacks, both have increased inimportance. For example,
NNSA’sFY 2002 request for Safeguards and Security was $448.9 million, whilethe
FY 2006 request is $708.5 million. Use control has always been part of warhead
design. In the earliest days, fissile materials were reportedly kept separate from
bomb casings, in part for control . For many years, weapons have used permissive
action links, which require acode to activate the weapon. Now, with ahigher threat
of terrorist attack, RRW supporters claim that further modifications to the weapon
for use control arein order. Ambassador Brooks, discussing RRW, stated:

We now must consider the distinct possibility of well-armed and competent
terrorist suicide teams seeking to gain access to awarhead in order to detonate
it in place. This has driven our site security posture from one of “containment
and recovery” of stolen warheadsto one of “denial of any access’ to warheads.
This change has dramatically increased security costs for “gates, guns, guards’
at our nuclear weaponssites. If we were designing the stockpiletoday, wewould
apply new technol ogies and approachesto warhead-level use control asameans
to reduce physical security costs.®”

Skepticssay that physical security and existing use-control featureshaveproven
quite sufficient to protect warheads against theft by terrorists. Further, warhead
vulnerability has been reduced since the end of the Cold War by withdrawing
thousands of tactical nuclear weapons from Europe and from Navy ships, and by
reducing the number of deployed strategic nuclear warheads sharply. General James
Cartwright, USMC, Commander, U.S. Strategic Command, said, “| am comfortable
that we have the [nuclear] weapons protected and that we are moving to a posture
that will improve that protection in light of the changing threat.”® Skeptics also
guestion if DOE and DOD would reduce physical security evenif enhanced-security
warheads were deployed. At any rate, in this view, Russian nuclear warheads and
materialsare at much higher risk, so U.S. programsto secure them would be a better
investment than improvements to U.S. warheads.

& Thomas Cochran, William Arkin, and Milton Hoenig, Nuclear Weapons Databook,
Volume |, U.S. Nuclear Forces and Capabilities (Cambridge, MA: Ballinger, 1984), p. 6.
See alsoibid., pp. 30-31.

8 Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 4.

8 Testimony at Senate Armed Services Committee hearing, Strategic Forces/Nuclear
Weapons, Apr. 4, 2005.
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Skeptics question the merits of redesigning warheads to incorporate new use-
control features. So doing might reduce confidencein thewarheads, at high cost, and
for little potential benefit. According to Robert Peurifoy, aformer Vice President at
SandiaNational Laboratories, “ Usecontrol featureswereoriginally intended to delay
the unauthorized use of a nuclear weapon by friendly forces, including U.S.
custodians. It hasnow magically transformed in the minds of many to the prevention
of unauthorized use by terrorists. | don’t believe this can be done.”®

Possible Questions to NNSA. Physical security: Ambassador Brookshas
stated, “We now must consider the distinct possibility of well-armed and competent
terrorist suicide teams seeking to gain access to awarhead in order to detonate it in
place.”® How likely isthisthreat? Isit athreat mainly to the few U.S. warheads
located overseas? If so, would it bemilitarily acceptableto withdraw those warheads
to the United States? Isit athreat to warheads in this nation? Would permissive
action links prevent terrorists from operating a warhead they seized? Could the
United Statesachieveagiven level of security at lesscost by adding physical security
(guards, gates, guns) rather than by rebuilding the stockpile? If NNSA built
enhanced-security warheads through RRW, would it and DOD reduce physical
security? Would the gain in security from redesign and replacement outweigh the
technical risk? What plans does NNSA have to incorporate enhanced security
features on RRW warheads? Could it backfit some security enhancements onto
existing warheads? Might we compare the cost and effectiveness of increasing
security by building RRW warheads, by retrofitting existing warheads, and by
increasing physical security?

Possible Questions to Skeptics. RRWandusecontrol: Current warheads
have some use-control features, but additional ones could not be incorporated into
their physics packages because so doing would stray too far from design parameters
validated through nuclear testing. In contrast, it is argued that RRW would let the
labs incorporate enhanced use-control features into the physics packages of new-
design weapons, thereby reducing the risk that terrorists could seize weapons and
detonate them in place. The argument continues that these new designs would let
NNSA and DOD reducethe cost of guns, gates, and guards. Are use-control features
in current weapons adequate? |Is enhanced use control avalid argument for RRW?
Would designing such featuresinto awarhead significantly increasethetechnical risk
of the design? Isit realistic to expect that NNSA and DOD would reduce physical
security of warheads with enhanced use control features?

Might RRW Enable an Increase In Warhead Safety? Whilethe United
States has taken steps to increase the safety of its warheads against lightning, fire,
impact, etc., not all warhead typesincorporate all existing safety features. Some use
conventional high explosive (CHE) rather than insensitive high explosive (IHE); the
latter will not detonatein variousaccidents, whiletheformer can, possibly scattering
plutonium. Some warheads lack fire-resistant pits, which are designed to increase
the time and temperature that a warhead exposed to fire will contain plutonium.

8 E-mail from Robert Peurifoy to the author, Mar. 26, 2005.
% Brooks statement to Senate Armed Services Committee, Apr. 4, 2005, p. 4.
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RRW advocates make the following argument. The technology of current
warheadsisfrozen in the 1980s, and LEP perpetuatesthat technology. The only way
to move beyond it is to use new-design components that incorporate current
advances. Sincethe United Stateswill retain its stockpilefor an indefinite time, the
cost of the safety gainswould be amortized over many years. To enhance safety, the
RRW program may consider ways to modify warhead components, including those
in the nuclear explosive package, to increase fire resistance.

Skepticsbelievethat warheads are quite safe, and that safety hasimproved over
the years thanks to safer designs and improved handling procedures. They are
concerned that some safety changes to the nuclear explosive package would go
beyond what is supported by nuclear test data and could jeopardize reliability. For
example, itiscritically important to the performance of the primary stage of anuclear
weapon (see Appendix), and thus of the secondary, that the pit implode with
reasonable symmetry. A vast amount of effort has gone into developing such pits
and determining the bounds of “reasonable.” Because IHE is significantly less
energetic than CHE, more |HE must be used to obtain the sameimplosiveforce. But
using a larger amount of less energetic material would alter the implosion wave,
necessitating other adjustmentsin order to use the same pit.

Some safety-related changes would, skeptics believe, offer little value. For
example, the W88 or W76 warheads for Trident missiles could be candidates for
backfittingwith IHE. They use CHE because the Navy sought to maximizeyield-to-
weight. Using IHE on the W88 would have reduced range by 10 percent, or warhead
yield by “amodest amount,” or the number of warheadsthe missile could carry from
eight to seven.®® A 1990 study expressed concern about the safety of CHE.® Sidney
Dréll, the panel chairman and lead author of the study, however, stated in 2005 that
further studies reveded that the CHE in the W88 would not detonate even if
subjected to aharder knock than wasrealized in 1990, and that little would be gained
by substituting IHE in the warhead because the missile itself used a very energetic
propellant that isrelatively easy to detonate. An accident that caused the propellant
to detonate could break apart the warheads, scattering plutonium, regardless of the
explosive used on the warhead. Unless the missile was redesigned to use a less
energetic propellant, which would be very costly, replacing CHE with IHE in the
warheadswould producelittlegainin safety. Further, because CHE and IHE arevery
different in terms of energy density, burn characteristics, etc., Drell believes that
there is no way that IHE could be substituted for CHE without nuclear testing.”

Possible Questions to NNSA. Costsvs. benefits of added safety. Current
warheads have an excellent safety record, and design changes over the course of the
Cold War and improved operational procedures have continually enhanced safety.
Arecurrent warheads safe enough? Arethere any technical risksto enhanced-saf ety

1 U.S. Congress. House Committee on Armed Services, Report of the Panel on Nuclear
Weapons Safety, Committee Print No. 14, 101% Congress, 2™ session, p. 28, by Sidney Drell,
Chairman, John Foster, Jr., and Charles Townes.

2 bid., p. 32.
% |nformation provided by Sidney Drell to the author, Mar. 16, May 3, and May 4, 2005.
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RRW designs? What would be gained by replacing CHE SLBM warheadswith IHE
warheads if Trident Il missiles continue to use their current highly energetic
propellant? Given that IHE requires more volume than CHE for a given amount of
explosive energy, could Trident Il missiles accommodate IHE warheads?

Questions to Opponents. Value of enhanced safety. The chance of alow-
probability event occurring increasesover time. Even though current warheads have
an excellent safety record, why wouldn’t it make sense to improve safety asmuch as
possible given that the United States will retain anuclear arsenal for the foreseeable
future? What are the costs and risks of efforts to improve safety through RRWs?

Might RRW Reduce Adverse Consequences of Aging? RRW
supporters hold that the effects of aging can be reduced. Materialsless sensitiveto
aging can be used, processes can be better characterized so they can be repeated more
precisely, and new components can be designed to use such materialsand processes.

Skepticsfeel that RRW advocates have overstated the problem and minimized
the ability of LEP to cope with it. They feel that LEP can continue to correct aging
problems, asit hasfor many years. They hold that changesin materials must be done
with extensive study to determine if the material will work as did the original, but
assert that distinguishing the “large” changes of RRW from the “small” changes
made under LEP is largely a matter of semantics as long as the changes are made
under the condition that they will not require the resumption of nuclear testing.

Questions to Critics. New materials, longer warhead life, and need for
testing. Could new materials be incorporated more readily into warheads of new
design than retrofitted into existing warheads? If not, why not? If so, could it
reasonably be expected that such materials, chosen in part for their longevity, would
give RRWs longer service lives than current warheads? Would such warheads
reduce the risk that aging problems could require nuclear tests to correct?

Might RRW Enable Reduced Use of Hazardous Materials? Duringthe
Cold War, warheads used many types of hazardousmaterial (hazmat) to saveweight,
or because a particular material was the standard way to solve a design problem.
Hazmat requires special handling: glove boxes, other layers of containment,
filtration of air vented into the atmosphere, disposition of scrap material and
contaminated solvents, special training, compliance with environmental and safety
regulations, and the like. Thisburden was deemed acceptable during the Cold War.
Now, though, regulations ban some industrial solvents that were used to produce
current warheads, and hazmat reduction would arguably reduce cost, simplify
production, and improve worker safety. RRW advocates believe that advances in
knowledge of weapons, materials, and processes over the past quarter-century make
it possible to design components that minimize hazmat usage.

Skeptics agree that reduction of hazmat is aworthy objective, but question if it
isworth the costs and risks. They expect that redesign, validation, and production
of componentswould require extensivetesting and study, and would run therisk that
a different material, especially in the nuclear explosive package, could impair
reliability. They are concerned that new materials might impair reliability if they
decomposed in an unanticipated manner. They hold that improved knowledge of



CRS-40

existing components and materials reduces the advantage of eliminating hazmat.
Some skeptics would retain existing components, materials, and processes to the
extent possible, evenif that meant retaining hazmat, on groundsthat that isthe surest
way to retain confidence in reliability. They would consider having dedicated
production linesif needed to produce some materials and would consider filing for
waivers to hazmat regulations if needed to continue using such materials. Others
would consider redesign of some components outside the nuclear explosive package
to eliminate hazmat if it could clearly be demonstrated, on a case by case basis, that
the benefits were substantial and the uncertainties minimal.

Possible Questions to NNSA. Risksand benefitsof hazmat reduction. Are
theretechnical riskstoincluding it asadesign goal? Do we know enough about how
material snot previously used in nuclear warheads might interact with other materials
to have confidencein low-hazmat RRWS? Isthere an estimate of the overall savings
anticipated from hazmat reduction? Can NNSA provide a detailed example of the
various ways in which avoiding hazmat in a specific instance would save money?

Policy Options for Congress

RRW is a new program with no specific, tangible product yet defined. In
deciding how to proceed on RRW, Congress has anumber of optionsavailabletoit.

Decide Whether and How to Proceed. Aswith any program, Congress
could choose to continue RRW as requested or terminate it. Several options exist
between those extremes. Congress could allow NNSA to pursue RRW and LEP as
complementary programs. It could limit RRW to modification of components and
bar the program from considering new-design warheads. It could bar RRW from
making warhead changes that would increase military capability or that could
reasonably be expected to lead to nuclear testing. It could delay a decision on such
choices pending the outcome of the FY 2005-FY 2006 RRW study.

Clarify the Scope of RRW. Because RRW isanew program, itsscopeisin
the process of being defined. Congress might wish to help focus and shape the
program by asking NNSA to answer a number of questions to better defineit.

e What design changes does NNSA envision making in warheads or
their components with RRW that could not be made with LEP?

e If NNSA proceeds with LEPs for W76 and W80, would that
preclude transformation of the nuclear weapons complex for
decades? If so, when must a choice between LEP and RRW be
made?

¢ Will RRW involvethe construction of one or more new sitesfor the
nuclear weapons complex outside existing sites? Will it involve
construction of new facilities at existing sites? What upgrades to
facilities are envisioned to foster a responsive infrastructure?
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e Will RRW lead to the closing of any existing nuclear weapons
complex sites?

Establish a Panel to Review Proposed RRW Designs. A finding by
the RRW design study that one or more designs can meet RRW program goals could
have far-reaching results — a shift to RRW, design and production of many new-
design warheads, retirement of current warheads, and reconfiguration of the nuclear
weapons complex. But how could Congress have confidence that the RRW design
would meet the various military requirements, would not require testing, would not
add military capability, and so on, all at the same time? One possible approach
would beto have an outside panel review the design or designs. The panel could be
composed of expertsfamiliar with nuclear warhead design but not on the staff of the
weapons labs, including some who favor and some who oppose a resumption of
nuclear testing. The postulated simplicity of RRW designs should makeit easier for
these experts to conduct a meaningful review.

Provide More Specific Congressional Guidance on RRW. Asnoted,
Congress mandated a number of objectives for the RRW program in the FY 2006
National Defense Authorization. However, questions remain as to what Congress
would find acceptable. Clarifyingthe answerswould help NNSA and DOD plan for
RRW. Questions might include:

e If NNSA, DOD, and perhaps a panel of outside experts accept the
design of the first RRW, would Congress be willing to suspend
LEPs in order to make funds and facilities available to accelerate
production of RRWSs, at the risk that the warheads scheduled to
undergo LEPs might devel op adefect before they could be replaced
by RRWs?

e Isareduction in physical security (guards, fences, etc.) because of
new use-control features designed into RRWSs acceptable?

e Isit acceptableif RRW entails new designs?

e If production of RRWSs requires a reconfigured nuclear weapons
complex, would extra funds be provided for the purpose, would
other NNSA programs be reduced to offset reconfiguration costs, or
is there some other alternative?

e If RRW isnot to perform new military missions, how can Congress
define such missions and enforce its intent?

Provide More Specific Congressional Guidance on the New-
Weapon Issue. Congress has set forth what the nuclear weapon labs fear may
prove to be contradictory requirements for RRW.

Committees have directed that RRW should improve existing weapons and not
develop new ones:
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The [Senate Appropriations] Committee recommends $25,351,000 for RRW to
accelerate the planning, development and design for a comprehensive RRW
strategy that improves the reliability, longevity, and certifiability of existing
weapons and their components.* [emphasis added)]

The [House Appropriations] Committee’s qualified endorsement of the RRW
initiativeisbased on the assumption that areplacement weapon will be designed
only as a re-engineered and remanufactured warhead for an existing weapon
system in the stockpile. The Committee does not endorse the RRW concept as
the beginning of a new production program intended to produce new warhead
designs or produce new weapons for any military mission beyond the current
deterrent requirements. The Committee’s support of the RRW concept is
contingent on the intent of the program being solely to meet the current military
characteristics and requirements of the existing stockpile.*®®

H.R. 1815, the FY 2006 National Defense Authorization Bill as passed by the
House, contains the following passage on RRW in Section 3111:

Program Required- The Secretary of Energy, in consultation with the Secretary
of Defense, shall carry out aprogram, to be known as the Reliable Replacement
Warhead program, to develop reliable replacement components that are
producible and certifiablefor the existing nuclear weapons stockpile. [emphasis
added]

H.R. 1815 as signed into law (P.L. 109-163) contains related language in
Section 3111:

Program Required- The Secretary of Energy shall carry out a program, to be
known as the Reliable Replacement Warhead program, which will have the
following objectives: ... (6) To use the design, certification, and production
expertise resident in the nuclear complex to develop reliable replacement
components to fulfill current mission requirements of the existing stockpile.

At the same time, Congress has spelled out benefits it hopes to gain if RRW
worksas NNSA anticipates, such aslower cost, enhanced ability to manufacture and
certify warheads, reduced use of hazardous materials, reduced numbers of non-
deployed warheads, and restructuring of the nuclear weapons complex.®

Y et the three nuclear weapon labs appear to believe that the path to meeting the
many simultaneousrequirements needed to achievethese benefitsiswith new-design
replacement warheads that meet RRW criteriaand without the Cold War constraints
that wereimposed for current designs. Accordingto atri-lab report, “Thegoal of this
approach [of which RRW isan exampl €] isto achieveamoreaffordabl e, sustainabl e,
and responsive enterprise. In order to transform the enterprise in this way, the

% U.S. Congress, Senate Committee on Appropriations, Energy and Water Development
Bill, 2006, S.Rept. 109-84, to accompany H.R. 2419, 109" Cong., 1% Sess., 2005, p. 155.

% House Appropriations Committee, Energy and Water Devel opment AppropriationsBill,
2006, p. 130.

% For further detail, see “Congressional Action on the FY 2006 RRW Request,” below.
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warhead designs that drive the enterprise must change. Warhead designs can be
devel oped that emphasi ze manufacturability, certifiability, and increased safety and
security, and enable enterprise transformation.”®” Similarly, as noted, Ambassador
Brooks reportedly said that obtaining the advantages of RRW would likely require
redesigning the physics package. In addition, two limitsimposed on the design of an
RRW are that the warhead offer no new military capability and not require nuclear
testing for certification and long-term maintenance.

Atissuefor Congress: are new-design replacement warheadswithin such limits
acceptable if that is the only way to obtain RRW’s potential advantages? This
seeming dilemma may hinge on one’s definition of a“new” warhead, an issue that
has been contentious in Congress.® While it is too early to say what design the
current RRW study will produce, the design will in al likelihood involve far more
than modifying afew components. Design criteriafor RRWsdiffer from those of the
Cold War, all nuclear and nonnuclear components of a warhead will be subject to
change, tradeoffs between components may be made, and design features of some
components may require changesin other components. A new replacement warhead
design may therefore be the only way to attain the benefits that Congress seeksfrom
the RRW program. Some argue that a new replacement warhead design of this sort
is acceptable because warheads built under the RRW approach would not provide
added military capability, so would not be classed as new warheads. Others are
concerned that any new design, including one to replace a currently-deployed
warhead, constitutes a new warhead. Another possible interpretation is that the
reguirement that RRW not produce new weapons but only new components could be
interpreted as permitting new warheads if warheads are seen as components of
weapon systems (e.g., missiles).

Congressional Action on the FY2006 RRW Request

As noted, the FY 2006 request for RRW was $9.351 million, and the request
document provided little detail on the program. The House Appropriations
Committee reported the FY 2006 Energy and Water Development Appropriations
Bill, H.R. 2419, on May 18, 2005 (H.Rept. 109-86). Thebill passed the House, 416-
13, on May 24 with no amendmentsto the Weapons Activities section. Initsreport,
the committee offered a*“ qualified endorsement” of RRW * contingent on the intent
of the program being solely to meet the current military characteristics and
reguirements of the existing stockpile.” (p. 128) (Page numbersin this section refer
to H.Rept. 109-86.) It did not endorse RRW if it produces new weapons for new
military missions. (p. 128)

The committee saw RRW as part of a new Sustainable Stockpile Initiative,
under which DOE would “develop an integrated RRW implementation plan that

9 O'Brien et a., Transforming the Nuclear Enterprise, p. 6.

% Asan example of how contentious“ new weapons” are, see the debate on the amendment
by Senator Feinstein to delete funds from H.R. 2419, the FY2006 Energy and Water
AppropriationsBill, for the Robust Nuclear Earth Penetrator, in Congressional Record, June
30, 2005, pp. S7781-S7794.
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challenges the [nuclear weapons] complex to produce a RRW certifiable design
while implementing an accelerated warhead dismantlement program and an
infrastructure reconfiguration proposal that maximizes special nuclear material
[essentially, highly enriched uranium and weapons-grade pl utonium] consolidation.”
(p. 128)

The committee focused on RRW throughout its discussion of Weapons
Activities, linked RRW to many WeaponsActivitiesprograms, and used the potential
of RRW as the rationale to reduce or delay several requested programs. Its many
actions and statements on RRW include the following:

e “The RRW weapon will be designed for ease of manufacturing,
maintenance, dismantlement, and certification without nuclear
testing, allowing the NNSA to transition the weapons complex away
fromalarge, expensive Cold War relicinto asmaller, more efficient
modern complex. A more reliable replacement warhead will allow
long-term savings by phasing out the multiple redundant Cold War
warhead designs that require maintaining multiple obsolete
production technologies to maintain the older warheads.” (p. 128)

e “The Committee directs the Secretary of Energy to establish a
Federal Advisory Committeeon the Reliable Replacement Warhead
initiative...” (p. 128)

e A rebaselined LEP, an RRW program plan, and a dismantlement
plan would provide “reliable nuclear deterrence” with a stockpile
after 2025 that is significantly smaller than the stockpile level
planned for 2012. Asaresult, “the current Life Extension Planswill
be scoped back to lower level s and the resources will be redeployed
to support the Sustainable Stockpile Initiative.” Accordingly, the
committee recommended reducing the budget request for Directed
Stockpile Work, a major category of Weapons Activities that
directly supports weapons in the stockpile, by $137.3 million to
$1,283.7 million. (p. 129)

e The committee recommended increasing RRW funding from $9.4
million to $25.0 million “to accelerate the planning effort to
initiative acompetition between the NNSA weapons |aboratoriesto
develop the design for the RRW re-engineered and remanufactured
warhead.” (p. 130)

e Thecommitteerecommended eliminating the$4.0 million requested
to study the Robust Nuclear Earth Penetrator, in part because it
“threatens Congressional and public support for sustainable
stockpileinitiativesthat will actually providelong-term security and
deterrent value for the Nation.” (p. 131)

e Test Readiness is a program to enable the resumption of nuclear
testing at Nevada Test Site should that be deemed necessary. Last
year, the committee opposed a move to reduce the test readiness
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posture (the time between a presidential decision to test and the
conduct of the test) from 24 to 18 months, this year, it added RRW
to the rationale against an 18-month posture: “The initiation of the
Reliable Replacement Warhead (RRW) program designed to provide
for the continuance of the existing moratorium on underground
nuclear testing by insuring the long-term reliability of the nuclear
weapons stockpile obviates any reason to moveto aprovocative 18-
month test readinessposture.” (p. 132) Accordingly, it recommended
reducing Test Readiness funds from $25.0 million to $15.0 million.

e The committee noted that “Congressiona testimony by NNSA
officialsisbeginning to erode the confidence of the Committee that
the Science-based Stockpile Stewardship is performing as
advertised.” Accordingly, it“redirectsASCI [Advanced Simulation
and Computing] funding to maintain current life extension
production capabilities pending the initiation of the Reliable
Replacement Warhead program” and recommended reducing
funding from $660.8 million to $500.8 million. (pp. 133-134)

e Thecommitteerecommended eliminatingthe$7.7 millionrequested
for the Modern Pit Facility (see Appendix). It recommended that
“NNSA focus its efforts on how best to lengthen the life of the
stockpile and minimize the need for an enormously expensive
infrastructure facility until the long-term strategy for the physical
infrastructure of theweapons complex hasincorporated the Reliable
Replacement Warhead strategy...” (p. 134)

e The committee recommended eliminating the $55.0 million
requested for construction of the Chemistry and Metal lurgy Research
Facility Replacement (CMRR) at Los Alamos. “ Construction at the
CMRR facility should be delayed until the Department [of Energy]
determines the long-term plan for developing the responsive
infrastructure required to maintain the nation’s existing nuclear
stockpile and support replacement production anticipated for the
RRW initiative.” (p. 136)

The House Armed Services Committee reported the FY 2006 National Defense
Authorization Bill, H.R. 1815, on May 20 (H.Rept. 109-89). The bill passed the
House, 390-39, on May 25 with no amendments concerning RRW. The committee
recommended providing the amount requested for RRW. The report stated: “The
committee firmly believes that the nation must ensure that the nuclear stockpile
remainsreliable, safe, and secure and that national security requirestransformingthe
Cold War-era nuclear complex. Thus, the committee supports the Reliable
Replacement Warhead program. To clearly articulate the congressional intent
underlying this program authorization, the committee further states the key goal s of
theprogram.” (H.Rept. 109-89, p. 463) In Section 3111 of H.R. 1815, thecommittee
required the Secretary of Energy, in consultation with the Secretary of Defense, to
carry out the RRW program, and spelled out its objectives for RRW:
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(b) Objectives- The objectives of the Reliable Replacement Warhead program
shall be —

(1) to increase the reliability, safety, and security of the United States nuclear
weapons stockpile;

(2) to further reduce the likelihood of the resumption of nuclear testing;

(3) to remain consistent with basic design parameters by using, to the extent
practicable, components that are well understood or are certifiable without the
need to resume underground nuclear testing;

(4) to ensure that the United States develops a nuclear weapons infrastructure
that can respond to unforeseen problems, to include the ability to produce
replacement warheads that are safer to manufacture, more cost-effective to
produce, and less costly to maintain than existing warheads;

(5) to achieve reductions in the future size of the nuclear weapons stockpile
based on increased reliability of the reliable replacement warheads;

(6) to use the design, certification, and production expertise resident in the
nuclear complex to develop reliable replacement components to fulfill current
mission requirements of the existing stockpile; and

(7) to serveasacomplement to, and potential ly amore cost-effectiveand reliable
long-term replacement for, the current Stockpile Life Extension Programs.

Thecommittee’ sreport (pp. 464-465) described these objectivesin moredetail.
Section 3111 of H.R. 1815 also required the Nuclear Weapons Council to submit an
interim report on RRW by March 1, 2006, and afinal report by March 1, 2007. The
final report isto: assess characteristics of warheadsto replace existing ones; discuss
the relationship of RRW within SSP and its impact on LEPS; assess the extent to
which RRW, if successful, could lead to a reduction in warhead numbers; discuss
RRW design criteriathat will minimizethelikelihood of nuclear testing; describethe
infrastructure needed to support RRW; and summarize how funds will be used.

Of thecommittee’ s28 Democratic members, 23 signed astatement of additional
views (H.Rept. 109-89, pp. 511-512). According to the statement, “Democrats are
willing to explorethe concept of the RRW program, but do not yet embraceit.” They
felt that, to merit support, RRW must reduce or eliminate the need for nuclear testing,
lead to dramatic reductionsin the arsenal, avoid introducing new mission or weapon
requirements, deemphasize nuclear weapons military utility, increase nuclear
security, and “[lead] to ratification and entry into force of the Comprehensive Test
Ban Treaty.” On the latter point, they maintained that a successful RRW program
should erase the main rational e against the treaty, uncertainty about the reliability of
the nuclear arsenal. Therefore, “[w]e believe strongly that ratification of the CTBT
[Comprehensive Test Ban Treaty] is the logical end result of a successful RRW
program...”
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The Senate Armed Services Committee reported the FY 2006 National Defense
Authorization Bill, S. 1042, on May 17.% It recommended providing the amount
requested for RRW. It noted that NNSA Administrator Brookshad presented several
goasfor RRW in his testimony to the committee on April 4:

e increasing warhead security and reliability;

¢ developing replacement componentsthat can be manufactured more
easily, using materials that are more readily available and more
environmentally benign;

¢ developing replacement componentsthat provide high confidencein
warhead safety and reliability;

¢ developing these components on a schedule that would reduce the
need to conduct a nuclear test to address areliability problem;

e reducing the cost and increasing the responsiveness of the
infrastructure; and

e increasing confidence in the stockpile enough to permit reductions
in non-deployed warheads.

“The committee supports these goals and this modest investment in feasibility
studies.” It required NNSA’s Administrator to submit areport to the congressional
defense committees by February 6, 2006, “describing the activities undertaken or
planned for any RRW funding infiscal years 2005, 2006, and 2007.” The bill passed
the Senate, 98-0, on November 15. The reporting requirement was superseded by a
similar requirement in the conference bill.

The defense authorization conference bill, as reported (H.Rept. 109-360)
December 8, included the House provision on RRW with a few changes, such as
having the required reports prepared by the Secretaries of Energy and Defenserather
than by the Nuclear Weapons Council. The revised provision became section 3111
of the conference bill. Conferees stated:

The conferees support the goal of continuing to ensure that the nuclear weapons
stockpile remains safe, secure, and reliable. The conferees believe that the
Reliable Replacement Warhead program is essential to the achievement of this
goal and support itsestablishment with the objectivesasdefined in the provision
[section 3111], and as further described in the committee reports of the
Committees on Armed Services of the Senate and the House of Representatives
for fiscal year 2006.'®

% Material in this paragraph isfrom U.S. Congress, Senate Committee on Armed Services,
National Defense Authorization Act for Fiscal Year 2006, report to accompany S. 1042,
109" Congress, 1% sess., S.Rept. 109-69, (Washington: GPO, 2005), p. 482.

10 .S, Congress. Committee of Conference, National Defense Authorization Act,
conference report to accompany H.R. 1815, 109" Congress, 1% session, H.Rept. 109-360,
(continued...)
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The measure was signed into law (P.L. 109-163) January 6, 2006.

The Senate Appropriations Committee reported H.R. 2419 on June 16.** |t
endorsed RRW and recommended increasing its funding above the FY 2006 request.

The Committee recognizes that RRW is early in its development and will not
significantly alter the near-term plans for stockpile support such as LEPs, but
NNSA is encouraged to move aggressively to incorporate benefits from RRW
into the stockpile as soon as possible.

The Committee recommends $25,351,000 for RRW to accelerate the
planning, development and design for a comprehensive RRW strategy that
improvesthereliability, longevity and certifiability of existingweaponsandtheir
components.'%

The bill passed the Senate, 92-3, on July 1, with no change to the RRW provision.

Conferees on the energy and water bill reported H.R. 2419 (H.Rept. 109-275)
on November 7. The House agreed to the conference bill, 399-17, on November 9,
and the Senate agreed to it, 84-4, on November 14. The President signed it into law
(P.L. 109-103) November 19. Thebill provides $25.0 million for RRW. Conferees
wanted the nuclear weapons complex to use various resources “to support a Nuclear
Weapons Council determination in November 2006.” % This determination would
be a decision on which design to use for the first reliable replacement warhead.
Conferees a'so emphasized goals and requirements of the RRW program:

The conferees reiterate the direction provided in fiscal year 2005 that any
weapon design work done under the RRW program must stay withinthe military
requirementsof the existing deployed stockpile and any new weapon design must
stay within the design parameters validated by past nuclear tests. The conferees
expect the NNSA to build on the success of science-based stockpile stewardship
to improve manufacturing practices, lower costs and increase performance
margins, to support the Administration’ sdecisionto significantly reducethesize
of the U.S. nuclear stockpile.**

In sum, Congress supported RRW in variouswaysin the FY 2006 budget cycle.
Both Armed Services Committees recommended fully funding the request, both
Appropriations Committees recommended a sharp increase in RRW funding, and

100 (__continued)
2005, p. 900.

101 .S, Congress, Senate Committee on Armed Services. Energy and Water Appropriations
Bill, 2006, S.Rept. 109-84, to accompany H.R. 2419. 109" Congress, 1% sess., 2005.

192 | pid., p. 155.

103 y.S. Congress. Committee of Conference, Making Appropriationsfor Energy and Water
Development for the Fiscal Year Ending September 30, 2006, and for Other Purposes,
H.Rept. 109-275, to accompany H.R. 2419. 109" Congress, 1% sess., 2005, pp. 158-159.

194 |bid., p. 159.
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Congress appropriated $25.0 million, reduced to $24.75 million by a rescission.'®
The four committees saw RRW as a way to achieve a wide range of goals for the
nuclear weapons program, spelled out many of these goals in legidation and in
committee reports, and required several reports to track the status of RRW.

The FY2007 RRW Request

NNSA’s FY 2007 budget document’® evidences a program that has gained
momentum in the past year. The request for RRW is $27.7 million, up from $24.8
millionfor FY 2006. (p. 71) (Page numbersin parenthesesin the next few paragraphs
refer to NNSA’s FY 2007 budget document.) Outyear budgets are: FY 2008, $14.6
million; FY 2009, $29.7 million; FY 2010, $29.6 million; and FY 2011, $28.7 million.
(p. 72) The FY 2006 budget request document contained few references to RRW
because the program received itsfirst funding just two months before that document
was released. In contrast, the FY 2007 document contains 30 or more references to
RRW that show many sites and programs linked to RRW. Programs are discussed
below; sites include Kansas City Plant (p. 620), Livermore (p. 627), Los Alamos
(p. 635), Pantex (p. 646), Sandia (p. 651), and Y-12 (p. 665). What emergesis a
program that is drawing on many resources of the Complex beyond the program’s
own budget. Thisis in accord with a directive in the FY 2006 energy and water
conference report:

The conferees expect that thelaboratoriesand plantswill also utilizetheexisting
resourcesintheDirected Stockpile, Campaigns, and Readinessin Technical Base
and Facilities accounts [the three largest accounts of the Stockpile Stewardship
program] where applicable to further the RRW design options to support a
Nuclear Weapons Council determination in November 2006.%%

Examples of how various programs expect to support RRW include the
following.

e “During the period FY 2007-2011, the Science Campaign will
endeavor to make significant progress toward providing the
experimental data and certification methodologies necessary to
support the current stockpile workload and future requirements that
will include the Reliable Replacement Warhead and reflect an
evolving stockpile.” (p. 96)

e Within the Dynamic Materials Properties program of the Science
Campaign, “A second principal effort isto characterize the reaction

105 “The FY 2006 [amount] includes an across-the-board rescission of 1 percent in
accordancewith the Department of Defense AppropriationsAct, 2006, P.L. 109-148." U.S.
Department of Energy, Office of Chief Financial Officer, FY2007 Congressional Budget
Request, vol. 1, National Nuclear Security Administration, DOE/CF-002, Feb. 2006, p. 71.

106 Department of Energy, FY2007 Congressional Budget Request, vol. 1.

17 Committee of Conference, Making Appropriations for Energy and Water Devel opment
for the Fiscal Year Ending September 30, 2006..., H.Rept. 109-275, pp. 158-159.
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kinetics and dynamics of high explosives, with special emphasison
improving the modeling of insensitive high explosives that will be
used in replacement warheads to provide improved safety and
surety.” (p. 100)

e Within the Engineering Campaign, Enhanced Surveillance
deliverables in the outyears are planned to support Reliable
Replacement Warhead components assessment” (p. 116) and the
Enhanced Surety program “will support studies such asthe Reliable
Replacement Warhead.” (p. 118)

e “Only through ASC [the Advanced Simulation and Computing
Campaign] simulations can National Nuclear Security
Administration (NNSA) determine the effects of changesto current
systems aswell as margins and uncertainties in future and untested
systems, such asthe RRW.” (p. 176)

e Within the Pit Manufacturing and Certification Campaign,
“Additional personnel will be hired and additional equipment
procured to support manufacture of existing pit types (or a RRW
pit),” and Los Alamos and Livermore “will continue planning and
development of integral experiments in FY 2007 in support of
certification of reliable replacement warhead pits.” (p. 191)

The budget document offers many details of the proposed program.

The Nuclear Weapons Council (NWC) approved the Reliable Replacement
Warhead (RRW) Feasibility Study which beganin May 2005, and is expected to
take 18 months to complete. The goal of the RRW Study is to identify designs
that will sustain long term confidencein asafe, secure and reliable stockpile and
enable transformation to a responsive nuclear weapon infrastructure. The Joint
DOE/DOD RRW Project Officer's Group (POG) was tasked to oversee a
laboratory design competitionfor aRRW warhead with the FPU [first production
unit] goal of FY 2012. The POG will assess technical feasibility including
certification without nuclear testing, design definition, manufacturing, and an
initial cost assessment to determine whether the proposed candidates will meet
the RRW study objectives and requirements. At the end of the study, the POG
will establish the preferred RRW design options and recommendations to the
NWC Standing and Safety Committee (NWCSSC) and NWC. ...

In FY 2007 specific activities include: with NWC approval, proceed with
detailed design and preliminary cost estimates of RRW conceptsto confirm that
RRW designs provide surety enhancements, can be certified without nuclear
testing, are cost-effective, and will support both stockpile and infrastructure
transformation. (83)

Further, “The RRW budget will increase when the RRW option isselected and starts
development and production engineering activities.” (76)
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Implementing RRW'®

With Congress, NNSA, and DOD having launched the RRW program, the next
step is implementation. How are NNSA and DOD implementing RRW? The
Nuclear Weapons Council approved the formation of aDOD/DOE Project Officers
Group, or POG, for the RRW program on March 23, 2005. Accordingto NNSA, the
POG is composed of representatives of NNSA, the nuclear weapon labs (Los
Alamos, Lawrence Livermore, and Sandia), the Office of the Secretary of Defense,
the U.S. Strategic Command, the Navy, the Air Force, and Lockheed Martin Space
Systems Company.'® There are al so observersfrom the Office of the Chief of Naval
Operations, the Defense Threat Reduction Agency, and three nuclear weapon plants
(Kansas City, Pantex, and Y-12).° In practice, POGsdo not take votes, so members
and observers participate on an equal footing. The Nuclear Weapons Council tasked
the POG to conduct an 18-month design competition, which started with the first
POG meeting in May 2005. Accordingto NNSA, in the competition, two teams —
Los Alamos and Sandia New Mexico, and Lawrence Livermore and Sandia
California— would each provide warhead designs consistent with RRW program
objectives. The council set out the terms of reference for the designs in a
memorandum to the POG. DOD requested that the study be done as a competition
between the two teams rather than as a collaboration, according to NNSA.

The designs would initially focus on a submarine-launched ballistic missile
(SLBM) replacement warhead, NNSA indicates. Thisisconsistent with a statement
in a House Armed Services Committee report: “the committee encourages the
Department of Defense and the Department of Energy to focus initia Reliable
Replacement Warhead efforts on replacement warheads for Submarine Launched
Ballistic Missiles.” ™™ Because of this SLBM focus, the Navy isthe POG chair, and
the Air Forceis co-chair.

In the study competition, the two teamswill devel op and possibly demonstrate
pit fabrication processes, and will assess design of nuclear and nonnuclear
componentsfor ease of manufacture, easeof certification, compatibility withmilitary
platforms, and enhanced safety and reliability, among other things. The two teams
are working closely with the three plants to ensure that the plants can provide
components consistent with RRW program objectives, including those on
manufacturing and responsive infrastructure, according to plant staff.

108 NNSA staff provided most of the information in this section, and lab and plant staff
provided some of the information, June and July 2005.

109 | ockheed Martin Space Systems Company, a subsidiary of Lockheed Martin
Corporation, and its predecessor organizations have developed and manufactured all U.S.
SLBMs. This company is on the POG to provide expertise on compatibility of candidate
SLBM replacement warhead designs with their delivery system, Trident || missiles.

110 The Savannah River Site, another nuclear weapons plant, is not involved in the POG
because it does not design warhead components; its role isto supply tritium for warheads.

11 U.S. Congress, House Committee on Armed Services, National Defense Authorization
Act for Fiscal Year 2006, H.Rept. 109-89, to accompany H.R. 1815, 109" Cong., 1% Sess.,
2005, p. 464.
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Details of the 18-month effort are being devel oped. Accordingto lab staff, one
approach isto look at warheads that could be used on SLBMs and intercontinental
ballisticmissiles(ICBMs). For example, inthisapproach, thefirst warhead produced
under RRW (here called RRW-1) would bean SLBM warhead but would potentially
be compatible with ICBMs as well, and RRW-2 would be designed as an ICBM
warhead but would be compatiblewith SLBMs. Inthisway, thetwo warheadswould
be each other’s backup: if one failed, the other could be deployed on both missile
types. This approach would permit two warhead designs to replace four current
warhead types (W76 and W88 for SLBMs, W78 and W87 for ICBMs) now in the
stockpile, and would meet objectives set forth in the House Appropriations
Committee's energy and water report: “A more reliable replacement warhead will
allow long-term savings by phasing out the multiple redundant Cold War warhead
designs that require maintaining multiple obsolete production technologies to
maintain the older warheads.”*** Further in the future, according to lab staff, this
approach might be applied to bomber-carried weapons (bombs and air-launched
cruise missiles), possibly permitting the replacement of four types of such nuclear
weapons (B61 and B83 gravity bombs, and W80 and W84 cruise missile warheads)
with two RRW types. However, it istoo soon to say if this cross-platform approach
will work. It may prove impossible to add another layer of constraints —
incorporating design features to enable awarhead to work on two missile-delivered
or two bomber-delivered weapon types — and still meet its other requirements.

As of February 2006, according to Los Alamos and Livermore staff, the status
of RRW isasfollows. Thetwo designteamshave nearly completed their conceptual
designs, with each team having severa such designs. The two teams are fully
confident that their designswill meet military requirements, will not require nuclear
testing to certify, and will meet other criteria including ease of manufacturing,
reduction in the use of hazardous and exotic materials, and significantly enhanced
safety, security, and use control features. Each team will release one or more of its
designsto the other team at the end of March, and also to the POG and NNSA. Over
the subsequent few months, the labs, POG, and NNSA will review and analyze
candidate design concepts. In August 2006, the labs will complete documentation
of the design concepts and the associated reviews and assessmentsfor the POG. The
POG will then completeitsreview of the designsfor the Nuclear Weapons Council.
In November 2006, the Council isto make a decision on an RRW design. It could
choose one design, both, ablend of the two, or ask for further study.

As noted, the FY 2006 appropriation of $25.0 million exceeded the requested
$9.4 million. NNSA and lab staff stated that the added funds would accelerate
progress in determining RRW’ sfeasibility in the 18-month study. Specifically, the
funds would enable more nonnuclear experiments and computer models,
investigation of abroader range of design optionsfor each candidate warhead, more
confidence in the designs, more mature designs, and more development and
demonstration of manufacturing processes. Regarding the latter point, NNSA said
that it might allocate some of the added fundsto Los Alamos and Livermoreto help

112 .S. Congress, House Committee on Appropriations, Energy and Water Devel opment
Appropriations Bill, 2006, H.Rept. 109-86, to accompany H.R. 2419, 109" Cong., 1% Sess.,
2005, p. 130.
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demonstrate pit manufacturing processes, and some to the plants if needed to
evaluate methods to manufacture components more easily and at lower cost.

Assuming the Nuclear Weapons Council approvesan RRW design, thelabsand
plants would conduct a detailed design definition and a cost study for the selected
design.** The POG would then eval uate the results of the design and cost study to
establish arecommendation to the Nuclear Weapons Council on whether to proceed
further with the design. If the council approves, and if the Administration and
Congressdecideto proceed, then thelabs, working with the plants, and working with
DOD to ensure that the warhead is compatible with the Trident || missile,*** would
conduct devel opment engineering for RRW-1. The Nuclear Weapons Council may
select more than one design for a cost study and design definition because different
designs might offer different advantages, such as compatibility with ICBMs and
SLBMs or ease of manufacture and certification. According to NNSA, only one
design would proceed to devel opment engineering. RRW-2, an ICBM replacement
warhead, would follow a similar course, and might use one of the designsinitiated
in the RRW-1 competition.

AccordingtoNNSA, DOD would liketo havethefirst production unit of RRW-
1 completed around FY 2012. Because of the need to continue with LEPs until more
RRW development work iscompleted, NNSA estimatesthat FY 2015 may beamore
achievable date. NNSA believesthat it could meet an accelerated schedule, but at
the expense of reprioritizing other planned stockpile stewardship activities.

RRW isinvolving plants as well as labs. The three plants involved in RRW
(Kansas City, Pantex, and Y-12) will work with the labs and NNSA to identify
options for manufacturing processes and infrastructure transformation, such as
steering the labs away from hard-to-manufacture designs. Accordingto NNSA, the
plants input has started because the labs have aready provided early design
information. The contribution of the plants will change over time as the designs
become more mature, at which time the designers would be in a position to accept
detailed recommendations on manufacturing from the plants. The results of this
work, NNSA states, will be incorporated in the design and cost study. Thisrole of
the plants is in keeping with numerous congressiona statements that
manufacturability and issuesthat flow fromit, such as affordability and reduction of
hazardous materials, are central goals of RRW. Pit manufacture is an exception.
Absent apit manufacturing facility, all pit manufacturing development activitiesfor
RRW will bedoneat Livermore and Los Alamos, not at the plants, but the plantsare
contributing manufacturing expertise to that effort.

113 For adescription of the phases of development of nuclear weapons other than new ones,
such as refurbishments, modernizations, and life extensions, see U.S. Department of
Defense and Department of Energy. Nuclear Weapons Council, Procedural Guideline for
the Phase 6.X Process, Apr. 19, 2000.

14 The last Trident | missile was decommissioned in October 2005. Journalist 1st Class
Mary Popejoy, “USS Alabama Offloads Last of C4 Trident Missiles,” Navy Newsstand,
[http://www.news.navy.mil/search/print.asp?story id=20913& VIRIN=&imagetype=0& p
age=1]. Asaresult, RRW-1 would be deployed only on Trident || missiles.
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Appendix: Nuclear Weapons and the Nuclear
Weapons Complex

This report refers to nuclear weapons design, operation, and production
throughout. This Appendix describes key terms, concepts, and facilitiesasan aid to
readers not familiar with them.

Current strategic (long-range) and most tactical nuclear weapons are of atwo-
stage design.*® Thefirst stage, the “primary,” is an atomic bomb similar in concept
to the bomb dropped on Nagasaki. It provides the energy needed to trigger the
second stage, or “ secondary.”

The primary has a hollow core, often called a*“pit,” made of fissile plutonium
(isotope number 239). It issurrounded by alayer of chemical explosive designed to
generate a symmetrical inward-moving (implosion) shock front. A system injects
“boost gas” — a mixture of deuterium and tritium (isotopes of hydrogen) gases —
into the pit, and there is a neutron generator. When the explosive is detonated, the
implosion compresses the plutonium, greatly increasing its density and causing it to
become supercritical, so that it creates arunaway nuclear chain reaction. Neutrons
drive this reaction by causing plutonium atoms to fission, releasing more neutrons.
But the chain reaction can last only the briefest moment before the force of the
nuclear explosion drives the plutonium outward so that it can no longer support a
chainreaction. Toincreasethefraction of plutonium that isfissioned — boosting the
yield of the primary — the neutron generator injects neutrons directly into the
fissioning plutonium. In addition, intense heat and pressure cause the deuterium-
tritium mixture to undergo fusion. While the fusion reaction generates energy, its
purposeisto generate agreat many neutrons. A meta “radiation case” then channels
the energy of the primary to the secondary.

The secondary containslithium deuteride and other materials. Theenergy from
the primary implodesthe secondary, causing fusion reactionsthat rel ease most of the
energy of anuclear explosion.

The primary, radiation case, and secondary comprise the “nuclear explosive
package.” Thousands of other “nonnuclear” components, however, are needed to
create aweapon. These include a case for the bomb or warhead, an arming, firing,
and fuzing system, use-control devices, and more.

Nuclear weapons were designed, tested, and manufactured by the nuclear
weapons complex, which is composed of eight government-owned contractor-
operated sites as well as the federal agency, the National Nuclear Security
Administration (a part of the Department of Energy) that manages the nuclear
weapons program. Thesitesincludethe Los Alamos National Laboratory (NM) and
Lawrence Livermore Nationa Laboratory (CA), which design nuclear explosive
packages; SandiaNational Laboratories(NM and CA), which design the nonnuclear

15 U.S. Department of Energy, Final Programmatic Environmental |mpact Statement for
Sockpile Sewardship and Management, DOE/EIS-0236, Sept. 1996, summ. vol., p. S-4.
This page contains further information on nuclear weapon design and operation.
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componentsthat turn the nuclear explosive packageinto aweapon; Y-12 Plant (TN),
which produces uranium components and secondaries; Kansas City Plant (MO),
which produces many of the nonnuclear components; Savannah River Site (SC),
which processestritium from stockpiled weapons to remove decay products; Pantex
Plant (TX), which assembles and disassembles nuclear weapons; and the Nevada
Test Site, which used to conduct nuclear tests but now conducts other weapons-
related experimentsthat do not produceanuclear yield. Thesesitesarenow involved
in disassembly, inspection, and refurbishment of existing nuclear weapons.

Pit production is the most controversial aspect of nuclear weapons production.
It is closely linked to RRW, which might enable greater capacity by ssmplifying
components and making manufacturing processes more efficient. Rocky Flats Plant
(CO) used to produce pits, but that work was suspended in 1989 due to safety
concerns, and subsequently halted permanently. Since 1989, the United States has
not made any pits that have been certified for use in stockpiled warheads, and has
therefore been unable to make entire new warheads, excepting a few built shortly
after Rocky Flats closed using pitsthat that plant had already made. Los Alamoshas
established a small-scale pit production plant at its plutonium building, Plutonium
Facility-4 (PF-4) at Technical Area55 (TA-55). PF-4 has produced several pits, but
Los Alamosis not expected to complete the work needed to certify them for usein
the stockpile until the end of FY2007. Alsoin FY 2007, Los Alamosis expected to
demonstrate acapability to manufacture 10 pitsper year. NNSA plansto produce 10
pits per year at PF-4 between FY 2008 and FY 2011, and plans to complete work in
FY 2012 to increase pit production capacity at Los Alamos to 30-40 pits per year.*'

Los Alamos believes that it would be physically difficult to expand PF-4's
capacity enough to support the stockpile. NNSA had proposed gaining sufficient
capacity by building anew Modern Pit Facility (MPF), able to produce perhaps 125
pits per year, to become operational around 2021.*" Others challenged the need for
MPF, arguing that if pit lifetime proveslonger than anticipated, or if future stockpile
size declines more than anticipated, the smaller capacity of an expanded PF-4 would
suffice, though it is not clear if these critics believe 30-40 pits per year is the right
capacity. For FY 2006, Congress eliminated fundsfor MPF,"'® and NNSA statesthat
funding for MPF “is zero for FY 2006 and beyond.”

118 Department of Energy, FY2007 Congressional Budget Request, vol. 1, pp. 188, 190.
17 Information provided by NNSA, May 10, 2005.

118 Committee of Conference, Making Appropriations for Energy and Water Devel opment
for the Fiscal Year Ending September 30, 2006, ..., H.Rept. 109-275, p. 162.



