
Bad Math on New  
Nuclear Weapons 
The Costs of the 3+2 Plan Outweigh Its Benefits





Bad Math on New  
Nuclear Weapons 
The Costs of the 3+2 Plan Outweigh Its Benefits

Lisbeth Gronlund
 

October 2015



ii union of concerned scientists

© 2015 Union of Concerned Scientists
All Rights Reserved

Lisbeth Gronlund is a senior scientist and the co-director of the 
Global Security Program at the Union of Concerned Scientists.  
She holds a doctorate in physics from Cornell University. Her re-
search focuses on technical issues related to U.S. nuclear weapons 
policy, ballistic missile defense, and nuclear arms control. Gron-
lund is a fellow of the American Physical Society (APS) and the 
American Association for the Advancement of Science. She re-
ceived the 2001 Joseph A. Burton Forum Award of the APS “for 
creative and sustained leadership in building an international 
arms-control-physics community and for her excellence in arms 
control physics.” Before joining UCS, Gronlund was a Social Sci-
ence Research Council–MacArthur Foundation fellow in interna-
tional peace and security at the University of Maryland, and a 
postdoctoral fellow at the Defense and Arms Control Studies Pro-
gram of the Massachusetts Institute of Technology (MIT).

The Union of Concerned Scientists puts rigorous, independent 
science to work to solve our planet’s most pressing problems.
Joining with citizens across the country, we combine technical 
analysis and effective advocacy to create innovative, practical 
solutions for a healthy, safe, and sustainable future. 

More information about UCS and the Global Security Program  
is available on the UCS website: www.ucsusa.org 

This report is available online (in PDF format) at  
www.ucsusa.org/badmath

Designed by:
Penny Michalak

Cover photo; p. vi: Randy Montoya/Sandia Labs/ 
Creative Commons (Flickr)
At Sandia Labs, a mechanical engineer performs an acoustic test on a  
B61-12, a bomb that is part of the 3+2 plan.

Printed on recycled paper



iiiBad Math on New Nuclear Weapons 

 iv Figure, Tables, and Box 

 v Acknowledgments 

 1 executive summary 

 4 Introduction 

 

  chapter 1

 6 The 3+2 Plan 

 7 Interoperable Warheads

  chapter 2

 9 Deconstructing 3+2 

 9 Trimming the Hedge

 13 Cutting Costs

 15 Improving Safety

 17 The Problem of Mix-and-Match Warheads

 17 Weapons Designers and the 3+2 Plan

 

  chapter 3

 18 Conclusion and Recommendations

  20 Appendix A 

 21 Appendix B 

 25 References 

   

[ contents ]



iv union of concerned scientists

[ figure, tables, and box ]

  figure

  7 Projected Timeline for the 3+2 Plan 

  tables

 6 Table 1. Current U.S. Nuclear Arsenal

 12 Table 2. Technical Hedge for Various Arsenal Sizes, under Refurbishment  
  Versus 3+2 Plan  

 14 Table 3. Research, Development, and Production Costs for Different Warheads,  
  as Estimated in the FY15 and FY16 Stockpile Stewardship and Management  
  Plans

 20 Table A-1. Hypothetical Force with Two Warhead Types (Wa and Wb)

 20 Table A-2. Hypothetical Force with Three Warhead Types (Wa, Wb, and Wc) 
  Deployed in Equal Numbers 

 20 Table A-3. Hypothetical Force with Three Warhead Types (Wa, Wb, and Wc) 
  Deployed in Unequal Numbers 

 21 Table B-1. Nominal Strategic Arsenal under New START with Current  
  Warhead Types

 22 Table B-2. Nominal Strategic Arsenal under New START with IW-1 Replacing All  
  W78 and Half of W88 Warheads

 23 Table B-3. Nominal Strategic Arsenal under New START with IW-1 and IW-2 
  Replacing All W78, W88, and W87 Warheads

 23 Table B-4. Nominal Strategic Arsenal under New START with IW-1, IW-2, and  
  IW-3 Deployed in Equal Numbers

 24 Table B-5. Smaller Strategic Arsenal with Current Warhead Types

 24 Table B-6. Even Smaller Strategic Arsenal with Current Warhead Types

  box

 5 What’s New?



vBad Math on New Nuclear Weapons 

This report was made possible through the generous support of the Ploughshares 
Fund, The Prospect Hill Foundation, Telemachus: Foundation to Empower the 
Poor and End War, and members of the Union of Concerned Scientists. 

The author would like to thank Eryn MacDonald for research assistance and 
comments on the draft manuscript; Leland Cogliani, George Lewis, Kathleen Rest, 
Roy Schwitters, David Wright, Stephen Young and two anonymous reviewers for 
their comments on the draft manuscript; Trudy E. Bell for editing; Penny Michalak 
for design and layout; Bryan Wadsworth and Cynthia DeRocco for overseeing pro-
duction; and Teri Grimwood for proofreading.

The opinions expressed herein do not necessarily reflect those of the organiza-
tions that funded the work or the individuals who reviewed it. The author bears 
sole responsibility for the report’s content.

 

[ acknowledgments ]





1Bad Math on New Nuclear Weapons 

When current nuclear warheads were built, the government 
assumed they would remain in the arsenal for roughly 20 to 
30 years before being replaced by new designs. Since the 
United States began a moratorium on nuclear explosive test-
ing in 1992, however, it has introduced no new warheads.  
Instead, it has been maintaining existing warheads. 

Until two years ago, the United States planned for each 
warhead in the stockpile to undergo a “life extension pro-
gram” to address any aging issues and, in some cases,  
modernize components or add new safety and security  
features. This endeavor would extend the life of the warhead 
by 20 to 30 years, at which point it would undergo another 
life extension program, and so on. 

However, in June 2013, the Obama administration  
announced its new “3+2” plan for the future U.S. nuclear  
arsenal. The United States deploys four types of ballistic  
missile warheads: two on land-based intercontinental  
ballistic missiles (ICBMs) and two on submarine-launched 
ballistic missiles (SLBMs). Under the 3+2 plan, the United 
States would not extend the life of these four warheads.  
Instead, it would replace them with three new interoperable 
warheads (IWs) that could be deployed on both ICBMs and 
SLBMs. These three new IWs constitute the “3” in “3+2.”  
However, because each IW will have a land-based and a sea-
based variant with common nuclear components but some 
different non-nuclear components, it may be more accurate  
 to describe the plan as “6+2.”

In addition, the NNSA plans to refurbish two existing 
air-delivered weapons through life extension programs: a 

bomb and an air-launched cruise missile (ALCM) warhead—
which together constitute the “2” in “3+2.” 

The Obama administration has expressed three main goals 
for the 3+2 plan: (1) reducing by up to 50 percent the size of the 
“hedge” force of nuclear weapons that are kept in reserve in 
addition to the weapons deployed; (2) reducing the cost of 
maintaining the stockpile of nuclear warheads; and (3) transi-
tioning to an arsenal in which all weapons use insensitive high 
explosive (IHE) instead of conventional high explosive to initi-
ate the nuclear explosion, thereby reducing the risk of dispers-
ing plutonium in the event of an accident or act of terrorism. 

Can the hoped-for benefits of the 3+2 plan be achieved? 
Would they outweigh the technical and political costs of the 
program? And what are the merits of the 3+2 plan compared  
to the alternative of extending the life of each of the four  
current ballistic missile warheads in addition to the two air-
launched weapons?  

Trimming the hedge. In addition to the roughly 1,900  
strategic nuclear weapons the United States deploys, it  
currently maintains a hedge force of 2,400 such weapons  
in reserve for both technical and political reasons. If the  
deployed weapons of one type experienced a technical prob-
lem, the United States could replace them with another type  
of weapon from the hedge. It could also use the hedge  
to increase the deployed arsenal for political purposes.  
According to the administration, the 3+2 plan would allow  
the United States to reduce the number of weapons in the 
hedge for technical reasons by up to 50 percent. 

The United States has an ambitious plan for the future  
of its nuclear arsenal that entails building several new 
types of nuclear warheads for deployment on land-  
and submarine-based ballistic missiles. 

[ executive summary ]
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Pantex production technicians prepare a B61 bomb for a surveillance test. Under the 3+2 plan, four B61 variants will be consolidated into one new bomb, the B61-12.
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The United States can—
and should—make
a substantial reduction 
in the strategic hedge 
even without pursuing 
the 3+2 plan.

However, the current hedge of 2,400 strategic warheads 
is roughly twice the technical hedge required for an arsenal 
with existing warhead types that is compliant with the New 
Strategic Arms Reduction Treaty (New START). The United 
States should cut its strategic hedge in half once it gains con-
fidence in the life-extended W76-1 SLBM warheads and can 
retire the excess W76-0 warheads. Thus, the United States 
can—and should—make a substantial reduction in the strate-
gic hedge even without pursuing the 3+2 plan.

The 3+2 plan would allow a further reduction in the 
technical strategic hedge from 1,250 to 1,000 warheads for a 
New START-sized arsenal—a 20 percent reduction. Thus, the 
3+2 plan would provide a modest reduction in the hedge for a 
New START-sized arsenal. However, if the arsenal is reduced 
below levels specified by New START, the 3+2 plan allows 
deeper reductions in the hedge. Nonetheless, the goal of  
reducing the hedge by 50 percent can be met only by elimi-
nating the air-delivered bombs and cruise missiles.  

But there is a significant catch: according to the adminis-
tration, any reductions in the hedge under the 3+2 plan would 
need to await the completion of all three interoperable war-
heads—which would take at least three decades. 

Moreover, the United States should reassess its current 
practice of maintaining a technical hedge as well as deploying 
two types of warheads per delivery system and two types of 
ballistic missile delivery systems; employing all three hedging 
strategies should not be necessary. It should also quantify the 
odds of a warhead failure to determine the need to guard 
against technological surprise in the first place. For example, 
Britain and France have a very different approach to their 
nuclear forces: neither country maintains a technical hedge 
nor deploys multiple types of ballistic missile warheads. 
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Reducing Costs. Based on the administration’s own cost 
estimates, we find there is no reason to believe that 3+2 would 
be less expensive than refurbishing existing weapons; indeed, 
it may actually be a more expensive approach. In addition, 
there are other costs associated with the 3+2 plan that are 
not included in the administration’s cost estimates. The 
administration should do a more comprehensive assessment 
of the full costs of pursuing 3+2 and of the alternative of 
refurbishing exisiting warheads.  

Reducing risks. Three types of current U.S. warheads do not 
use insensitive high explosive. While IHE would not guard 
against plutonium dispersal from some types of terrorist 
attacks, nor would it be useful once warheads were deployed 
on SLBMs, transitioning to an all-IHE stockpile would 
reduce the risk of accidental plutonium dispersal and benefit 
the safety of the public as well as personnel who work with 
nuclear weapons. However, it is not possible to simply replace 
conventional high explosive with IHE because a greater 
volume of IHE is required to initiate the nuclear explosion; a 
transition to an all-IHE arsenal would require building new 
types of warheads. 

Technical and political costs. Building the IWs would entail 
technical risks that are intertwined with political costs. 
Specifically, the warheads would use nuclear components 
that had never been tested together, and deploying such a 
warhead without nuclear explosive testing could increase 
uncertainty about the reliability of the warhead. Concern 
about warhead reliability may lead some political and military 
leaders to argue that nuclear “proof testing” is necessary to 

Even absent a resumption of nuclear 
testing, building new warhead types  
would send the wrong message to the  
rest of the world.

demonstrate that weapons of such a new design will work as 
intended, and that therefore the United States needs to  
resume nuclear testing. 

If the United States did resume nuclear testing, it could 
encourage a resumption of testing by other nuclear-armed  
nations, ending an international moratorium that benefits U.S. 
security. And because the non-nuclear weapon states that are  
a party to the Nuclear Non-Proliferation Treaty (NPT) have 
made the Comprehensive Nuclear Test-Ban Treaty (CTBT) a 
priority, resumed testing could undermine the NPT. 

But even absent a resumption of nuclear testing, building 
new warhead types would send the wrong message to the rest 
of the world. The Obama administration acknowledges this 
but asserts that the IWs will not be “new.” However, this claim 
is neither consistent with the common definition of the word 
“new” nor meaningful in a technical sense.  

The non-nuclear weapon states have made the CTBT a 
priority because they believe it will restrict the ability of addi-
tional countries to develop nuclear weapons and the ability of 
existing nuclear states to develop new types of weapons. If the 
United States forgoes nuclear testing, but still develops new 
nuclear warheads, it would undermine a key rationale for the 
CTBT. This, in turn, could also undermine the Nuclear Non- 
Proliferation Treaty.

Finally, building new types of warheads is counter to the 
administration’s own commitment to reduce the salience of 
nuclear weapons.

The bottom line. On balance, we assess that the costs of the 
3+2 plan outweigh the benefits. Instead of pursuing the 3+2 
plan and building new warheads, the United States should 
refurbish or retire existing weapons.
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The United States is proceeding with an ambitious 30-year 
plan to upgrade its aging nuclear warheads that includes re-
tiring several warhead types and replacing them with new 
ones. U.S. nuclear weapons do not have expiration dates, but 
explosives, plastics, and lubricants can deteriorate with age, 
as can metals exposed to radiation for decades. When current 
nuclear weapons were built, the government assumed they 
would remain in the arsenal for roughly 20 to 30 years before 
being replaced by new designs. Since the United States de-
clared a moratorium on nuclear explosive testing in 1992, 
however, it has introduced no new warheads. Instead, it has 
been maintaining existing warheads. 

Until two years ago, the United States planned for each 
weapon that would remain in the stockpile to undergo a “life 
extension program” (LEP) to address any aging issues and, in 
some cases, modernize components or add new safety and 
security features. This would extend the life of the weapon by 
20 to 30 years, at which point it would undergo another life 
extension program if it were to remain in the arsenal. 

However, in June 2013, the National Nuclear Security 
Administration (NNSA)—a semi-autonomous agency of the 
Department of Energy (DOE) responsible for nuclear weap-
ons—announced its new “3+2” plan for the future U.S. nuclear 
arsenal.1  Under this plan, the United States would refurbish 
some of its warheads but retire its ballistic missile warheads 
and replace them with new ones. 

The United States currently deploys four types of ballis-
tic missile warheads: two on land-based intercontinental  

ballistic missiles (ICBMs) and two on submarine-launched 
ballistic missiles (SLBMs). Under the 3+2 plan, the United 
States would not extend the life of these four warheads, but 
would instead replace them with three new interoperable 
warheads (IWs) that constitute the “3” in “3+2.” However, 
there would be two variants of each interoperable warhead—
one for ICBMs and one for SLBMs—that would have common 
nuclear components but some different non-nuclear compo-
nents. Thus, it might be more accurate to call the plan “6+2.”

In addition, the NNSA plans to refurbish two existing 
air-delivered weapons through life extension programs: a 
bomb and an air-launched cruise missile (ALCM) warhead2 
—which together constitute the “2” in “3+2.” 

The Obama administration has discussed three main 
goals for the 3+2 plan: (1) substantially reducing—by up to 50 
percent—the size of the “hedge” force of nuclear weapons 
that are kept in reserve in addition to the weapons deployed; 
(2) reducing the cost of maintaining the stockpile; and (3) 
transitioning to an arsenal in which all weapons use insensi-
tive high explosive instead of conventional high explosive to 
initiate the nuclear explosion, thereby reducing the risk of 
dispersing plutonium in the event of an accident or act of 
terrorism. 

However, there would be costs associated with building 
new warhead types, which would be controversial for both 
technical and political reasons. 

First the technical reason: U.S. nuclear warheads have 
two stages—a primary stage and a secondary stage. The  

[ introduction]

1  The 3+2 plan is based on the framework laid out in a classified January 2013 memo by the Nuclear Weapons Council, a joint Department of Defense-DOE body 
that provides policy guidance and oversight of the nuclear weapons stockpile management process.

2  In the FY2014 and FY2015 Stockpile Stewardship and Management Plans (SSMPs), the NNSA stated that its long term goal is to replace the bomb and the cruise 
missile warhead with two interoperable air-deliverable weapons, but this goal is not articulated in the FY2016 SSMP (NNSA 2013; NNSA 2014).
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primary stage is essentially an atomic bomb that produces 
energy through fission; this energy is used to ignite the sec-
ondary stage, which produces energy through fusion. Both 
stages are contained in the nuclear explosive package (NEP). 
Because these two nuclear components interact in complex 
ways, the NEPs of all deployed U.S. thermonuclear warhead 
designs have undergone explosive testing.

The new warheads proposed under the 3+2 plan would 
use a primary stage based on one from a previously tested 
warhead type and a secondary stage based on one from an-
other previously tested warhead type, but the NEP as a whole 
would never have been explosively tested. The NNSA argues 
that its experimental and computational simulation capabili-
ties have improved to the point that the United States should 
have sufficient confidence to deploy the new warheads with-
out nuclear tests to confirm that they would work as intend-
ed. Nevertheless, deploying a new warhead design without 
such testing could raise questions about the reliability of the 
new weapons.

And that leads to a political reason the 3+2 plan is contro-
versial: Ultimately, such uncertainty could lead some military 
and political leaders to argue that the United States needs to 
resume nuclear testing to “proof test” the new designs. If the 
United States did resume nuclear testing, it could encourage  
a resumption of testing by other nuclear-armed nations. And 
because the non-nuclear weapon states that are a party to  
the Nuclear Non-Proliferation Treaty (NPT) have made the  
Comprehensive Nuclear Test-Ban Treaty (CTBT) a priority, 
resumed testing could undermine the NPT. 

Moreover, the Obama administration has pledged not to 
build new nuclear weapons. It actually maintains that these 
weapons will not be “new,” but this claim requires some cre-
ative wordsmithing (see box).

Why would the Obama administration want to claim that 
the United States will not design new warheads? It correctly 
assesses that building new weapon types would send the 

In its 2010 Nuclear Posture Review (NPR), the Obama admin-
istration states that “The United States will not develop new 
nuclear warheads. LEPs will use only nuclear components 
based on previously tested designs, and will not support new 
military missions or provide for new military capabilities” 
(DOD 2010a). While the first sentence may seem like a 
straightforward and unequivocal statement, it is not. When it 
comes to nuclear warheads, the administration has defined 
“new” in a specific way, one that is at odds with the normal 
definition of the word “new.” 

In particular, the constraint that warheads will “use only 
nuclear components based on previously tested designs” does 
not preclude new nuclear warheads. As the NPR notes, the 
United States will give “strong preference” to “refurbishment 
of existing warheads” or the “reuse of nuclear components 
from different warheads” [emphasis added] (DOD 2010a).  
Yet warheads that use nuclear components from different 
designs in a new configuration will be of necessity a new 
design. Moreover, these components need not have been  
previously tested, but need only be based on previously tested 
designs. Such mix-and-match warheads will be “new” in  
any meaningful sense of the word.

For nuclear warheads, a more technically meaningful 
distinction between “new” and “not new” would be whether 
the NEP as a whole had been explosively tested. Thus, any 
weapon that used a NEP that had previously been tested 
would not be considered new, whereas a weapon that used  
a primary from one previously tested weapon and a second- 
ary from another previously tested weapon would be  
considered new.  

What’s New?

Under this plan, the United 
States would refurbish
some of its warheads but 
retire its ballistic missile 
warheads and replace them 
with new ones.

wrong message to the rest of the world. The non-nuclear 
weapon states have made the CTBT a priority because they 
believe it will restrict the ability of additional countries to 
develop nuclear weapons and the ability of existing nuclear 
states to develop new types of weapons. If the United States 
forgoes nuclear testing, but still develops new nuclear weap-
ons, it would undermine a key rationale for the CTBT. This,  
in turn, could also undermine the NPT.

Can the hoped-for benefits of 3+2 be achieved? Would 
they outweigh the technical and political costs of the pro-
gram? And what are the merits of the 3+2 plan compared to 
the alternative of extending the life of each of the four cur-
rent ballistic missile warheads in addition to the two air-
launched weapons?3   

3  Another possibility is to retire some of the ballistic missile warheads rather than extending their life or replacing them, but we do not analyze this option here.
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To date, modifications to weapons made as part of life 
extensions have been modest, although the B61 LEP will en-
tail a more extensive overhaul. However, even the B61 LEP 

Weapon 
Type

Deployed Hedge

ICBM Warheads

W78   200
not publicly 
known

W87 250
not publicly 
known

SLBM Warheads
W76 768

not publicly 
known

W88 384 0

ALCM Warheads W80 200 328

Bombs

B83 

100 400  Strategic B61 
(B61-7, B61-11)

Tactical B61 
(B61-3, B61-4, 
B61-10)

180 300

Total 2,100 2,700

TABLE 1. Current U.S. Nuclear Arsenal

The United States maintains weapons in the hedge to allow it to increase its 
deployed forces, and to replace one type of weapon that experiences a tech-
nical failure with other types from the hedge. The current strategic hedge is 
twice that required for a New START-sized force. 

SOURCE: KRISTENSEN AND NORRIS 2015.

The 3+2 Plan

[ chapter 1 ]

The current U.S. arsenal consists of seven types of weapons: 
four ballistic missile warheads, two for ICBMs (the W78 and 
W87) and two for SLBMs (the W76 and W88); two bombs 
(the B61, which has multiple versions, and the B83), and one 
ALCM warhead (the W80) (see Table 1). The B83 is slated for 
retirement after the B61 LEP is completed, which will leave 
six weapon types.4 

The NNSA’s projected timeline for the 3+2 program is 
shown in Figure 1. Note that the first interoperable warhead, 
IW-1, intended to replace the W78 ICBM warhead and half of 
the W88 SLBM warheads, began being developed in fiscal 
year 2014 (FY14). However, when Congress passed the FY14 
budget in January 2014, it cut funding for the IW-1 and added 
language requiring more detailed analysis of the NNSA pro-
posal. The NNSA’s FY15 budget, released in March 2014, then 
deferred the IW-1 program by five years. The agency said its 
decision was based not just on budget constraints, but also on 
surveillance data showing “more graceful aging” of the W78 
and W88 warheads, which means that they do not need to be 
replaced in the short term, letting the NNSA focus on more 
urgent needs (Jacobson 2014b). The NNSA also delayed the 
schedule for the IW-2 program by three years. 

Life extension programs for both the W87 and one of the 
B61 variants (the B61-11 earth-penetrating bomb) are already 
completed. The W76 LEP, which will result in a warhead des-
ignated the W76-1, is being produced now. The remaining B61 
variants (the B61-3, -4, -7, and -10) are next in line, and will be 
consolidated into one new bomb—the B61-12, which is still in 
the development phase (see Figure 1). 

4  The administration has only recently begun linking the retirement of the B83 to the completion of the B61 LEP and deployment of the resulting B61-12. 
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will not include modifications to the nuclear explosive  
package. Initial agency plans did include modifying the NEP 
to add new safety features, but the Nuclear Weapons Coun-
cil—a joint Department of Defense-DOE body that provides 
policy guidance and oversight of the programs to maintain the 
nuclear weapons stockpile—decided not to undertake that 
part of the life extension program. Despite scaling back the 
project, cost estimates for the B61 LEP have more than dou-
bled from $4 billion to $10 billion.5  

By contrast, the modifications the NNSA plans under 3+2 
are much more aggressive than those in previous LEPs: they 
entail producing NEPs that will combine a primary based on 
one from a previously tested warhead type with a secondary 
from another previously tested warhead type. 

In addition to the B61-12 bomb, the 3+2 plan includes an 
ALCM warhead. The NNSA recently decided to simply extend 
the life of the existing cruise missile warhead—the W80. 

Interoperable Warheads

Interoperable warheads are key to 3+2. NNSA defines these as 
“warheads with a common NEP integrated with non-nuclear 

The 3+2 plan will take more than 30 years to complete.
SOURCE: NNSA 2015.

FIGURE 1. Projected Timeline for the 3+2 Plan

systems that maximize the use of common and adaptable 
components” and “can be deployed on multiple delivery 
platforms” (NNSA 2013). 

The current plan is for an ICBM and SLBM to deliv-
er the same NEP but use different non-nuclear compo-
nents. For example, the Air Force and Navy apparently 
have decided they would not use a common fuze (NNSA 
2015). Thus, there would be two variants of each interop-
erable warhead—one for land-based ICBMs that would 
fit on the Mk21A reentry vehicle, and one for sea-based 
SLBMs that would fit on the Mk5 reentry vehicle. 

The first interoperable warhead, the IW-1, would 
replace the W78 ICBM warhead and half of the W88 
SLBM warheads, with the older W78 warhead first in 
line for replacement (NNSA 2015). As described above, 
the NNSA is pursuing a mix-and-match approach for the 
interoperable warheads that will combine a primary 
from one warhead with a secondary from another. For 
the IW-1, the NNSA plans to combine a primary based on 
the one in the W87 warhead with a secondary from an-
other warhead (one report suggests the W80) (NNSA 
2015; Collina 2014). 

W76-1 Production

B61-12 Development Production

IW-3 Development

W80-4 Cruise Missile Warhead Development Production

IW-1 (W78/88-1) DevelopmentPostponed Production

IW-2 DevelopmentPostponed Production

d
d

5  The NNSA’s original 2010 estimate for the B61 LEP was $4 billion, while an updated 2012 cost estimate by the DOD’s Office of Cost Assessment and Program  
Evaluation was $10 billion (Miller and Ho 2012; NNSA 2010b).

Fiscal Year
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40  
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components with new ones in a way that does not change  
military operations, logistics, or maintenance requirements 
(DOD n.d.a).

In November 2014, the Nuclear Weapons Council expand- 
ed the scope of the W88 Alt 370 to include replacing the  
warhead’s conventional high explosive with fresh explosive,  
which would allow it to be used through the late 2030s (NNSA 
2015; Jacobson 2014c). Normally, the high explosive, which is 
contained in the nuclear explosive package, would be replaced 
as part of a full life extension program. However, the high  
explosive used in the W88 has a defined life expectancy and 
would need to be replaced as early as 2030. Since there is  
currently no planned LEP for the W88 and it would instead  
be replaced by IW-1 and IW-2 warheads, the Navy was con-
cerned that if the IW-1 did not go ahead on schedule, time would 
run out to replace the W88’s conventional high explosive. 

Several months before the Nuclear Weapons Council  
decision, former Lawrence Livermore National Laboratory  
Director Parney Albright predicted that this Alt 370 update 
would expand to include some components of the nuclear  
explosive package itself. In his view, this expansion would 
mean that the Navy “will almost certainly argue” against an 
interoperable warhead “that costs too much money” instead  
of a simple refurbishment, as the NNSA did for the W76 life 
extension program (Jacobson 2014a).7 Once this happens,  
Albright argued, there would less incentive for the Air Force  
to pursue interoperability for the W78 as well.

The NNSA is pursuing a mix-and-match approach for 
the interoperable warheads that will combine a primary 
from one warhead with a secondary from another.

While the Nuclear Weapons Council has not yet deter-
mined the plans for the second and third interoperable  
warheads, the NNSA’s working assumption is that the IW-2 
would replace the W87 ICBM warheads and the remaining 
W88 SLBM warheads, and sometime after 2040 the IW-3 
would replace the W76-1 (the life-extended version of the 
W76, now in production) (NNSA 2015).6 We expect these 
warheads would also use a mix-and-match approach.

The push for interoperability is complicated by a lack  
of enthusiasm on the part of both the Navy and Air Force. The 
Navy—which has a history of pushing back on DOE proposals 
to alter warheads —has argued for delaying development of 
the IW-1 until at least the mid-2020s because of funding and 
other uncertainties (Undersecretary of the Navy 2012). More-
over, a Government Accountability Office (GAO) report notes 
the Navy’s lack of preparation for participation in the IW pro-
gram as a potentially significant problem (GAO 2013). The Air 
Force has been more supportive, but in April 2013 congressio-
nal testimony, one Air Force major general noted that in-
teroperability “may not be feasible or affordable” and “we 
have to be ready to have some offramps” (Harencak 2013). 

The Navy’s attitude toward the 3+2 plan may also be  
affected by the upcoming Alt 370 alteration program for the 
W88 SLBM warhead, which will be completed only a few 
years before the production of the IW-1 is scheduled to  
begin (NNSA 2015). An alteration program is more modest  
than a life extension program, and entails replacing some  

6  Don Cook, then NNSA’s Deputy Administrator for Defense Programs, said the IW-1 would replace half of the W88s in the arsenal, while IW-2 would replace the 
other half (Cook 2013). The FY2014 Stockpile Stewardship and Management Plan (SSMP) states that the IW-2 and IW-3 are projected to replace the W87/88 and 
W76-1 respectively.

7  While nuclear warheads are in the NNSA budget, in recent years the DOD has contributed billions of dollars to the NNSA budget.
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Deconstructing 3+2

[ chapter 2 ]

Below, we investigate the NNSA’s primary rationales for the 
3+2 plan: trimming the hedge, cutting costs, and improving 
safety. We also discuss the claim that producing, as well as 
designing, new warheads is necessary to keep weapons de-
signers engaged and to facilitate the hiring of new designers 
to replace those who retire. 

Trimming the Hedge

The United States currently maintains a hedge force of nucle-
ar weapons that are kept in reserve for both technical and 
political reasons. If the deployed weapons of one type experi-
enced a technical problem (a system-wide failure), the United 
States could compensate by deploying another type of weap-
on from the hedge. It could also use the hedge to augment the 
deployed arsenal if it believes doing so is required by changes 
in the global political situation. 

By trimming its hedge force of nuclear weapons and re-
ducing its overall arsenal, the United States would take a step 
in the direction of eliminating nuclear weapons, as it is obli-
gated to do under the Nuclear Non-Proliferation Treaty. 
Trimming the hedge would also allow the United States to 
reduce the costs of maintaining and storing its hedge 
warheads. 

In a June 2013 report to Congress, the administration 
summarized the new U.S. nuclear employment strategy re-
sulting from the 2010 Nuclear Posture Review. According to 
the report, “. . . the Departments of Defense and Energy ex-
amined their long-standing hedge approach and developed a 
more efficient strategy that allows the United States to main-
tain a robust hedge against technical or geopolitical risk with 
fewer nuclear weapons” (DOD 2013).

The report states: “A non-deployed hedge that is sized 
and ready to address these technical risks will also provide 
the United States the capability to upload additional weapons 
in response to geopolitical developments that alter our as-
sessment of U.S. deployed force requirements” (DOD 2013). 
Thus, it appears that it is now the policy of the United States 
that a hedge that is adequate to respond to a technical failure 
is also adequate to respond to a political surprise. In other 
words, the “geopolitical hedge” would be equal to the “tech-
nical hedge.” 

The United States currently has about 2,700 hedge war-
heads and bombs, compared to about 2,100 deployed weapons 
(see Table 1, p. 6), so the hedge force is now larger than the de-
ployed force (Kristensen and Norris 2015). About 2,400 of the 
weapons in the hedge and 1,900 of those deployed are consid-
ered strategic since they would be delivered by long-range de-
livery systems. The remaining 500 weapons are tactical bombs, 
with about 200 deployed in Europe for delivery by short-range 
aircraft and 300 in storage as a hedge.

The W76 submarine-based warhead is in the middle of a 
life-extension program, although the United States plans to 
retire some of the warheads rather than extend their life. How-
ever, until the United States attains confidence in the updated 
model—the W76-1—it will keep some of the original W76 war-
heads—now renamed W76-0—slated for retirement in the 
hedge. It is not publicly known what the criteria are for being 
confident in the performance of the W76-1 or how long it might 
take to gain such confidence. But according to the new nuclear 
employment strategy articulated in 2013, the DOD will “main-
tain legacy weapons to hedge against the failure of weapons 
undergoing life-extension only until confidence in each LEP is 
attained” (DOD 2013).
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In addition, the new nuclear employment strategy  
discusses the preferred composition of the hedge. It states:

Where possible, the United States will provide intra- 
leg hedge options—i.e., uploading another warhead 
type from within a leg of the Triad in the event that a 
particular warhead fails. In instances where the current 
stockpile will not allow intra-leg hedging, the United 
States will be prepared to hedge adequately using  
inter-leg hedging—uploading additional warheads on 
another leg of the Triad to compensate for the failure  
of a given type of warhead (DOD 2013).8

In other words, if a submarine-based weapon failed, the 
DOD would prefer to compensate by deploying another type 

of submarine-based weapon. Similarly, it would prefer to de-
ploy another air-based weapon to compensate for the failure of 
an air-based weapon, and another land-based weapon to com-
pensate for the failure of a land-based weapon.   

However, it would not be possible for the United States to 
use intra-leg hedging if the W76 submarine-based warhead 
failed. The U.S. arsenal has a second type of submarine-based 
warhead—the W88, but almost all the W88s are deployed, 
leaving none as a backup in case of a problem with the W76.9 
Thus, the United States would need to use inter-leg hedging to 
compensate for a problem with the W76 by deploying addi-
tional air- and land-based weapons. Since each Minuteman 
ICBM can accommodate up to three W78 warheads or one 
W87 warhead, the United States could deploy one or two  

Pantex production technicians work on a W76 SLBM warhead. The W76 is undergoing a life extension program that entails modest modifications.   

N
N

SA

8  The United States deploys nuclear weapons on aircraft, on submarines, and on land—which are referred to as three legs of a triad.
9  The United States planned to produce several thousand W88 pits, but due to environmental problems, the Rocky Flats Plant (near Boulder, CO) that produced the 

pits stopped production in 1989 after completing only about 400.
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additional W78s on each ICBM armed with a W78. It could 
also deploy additional B61 bombs and ACLMs. The net result 
would be fewer warheads deployed on SLBMs.

The FY 2016 Stockpile Stewardship and Management 
Plan (SSMP) states that, “Consolidation of the present four 
ballistic missile systems into three interoperable systems will 
enable an eventual reduction in the number of weapons re-
tained as a hedge against technical failure” (NNSA 2015).  
It notes that “after consolidation,” there will be “up to 50 per-
cent potential hedge reduction” (NNSA 2015).10 

The SSMP goes on to state that the 3+2 plan can “remove 
the need for a significant part of the technical hedge, but only 
when fully implemented.” However, under current plans,  
production of the third interoperable weapon, the IW-3, would  
not even begin until after 2040. Thus, based on the NNSA’s 
timeline, any reduction in the hedge would take place no soon-
er than three decades from now. That is a long time before the 
proposed benefit would be realized. 

What are the requirements for the technical hedge,  
assuming an arsenal of the size permitted under the New Stra-
tegic Arms Reduction Treaty (New START), which requires 
reductions to be completed by February 2018? In our analysis 
(see Appendix B, p. 21), we will also assume that the United 
States is confident in the performance of the W76-1 and has 
retired all remaining W76-0 warheads.

While the United States does not publish numbers of each 
type of warhead in its arsenal, it is possible to estimate the 
planned mixture under the New START agreement. New 
START allows for 700 deployed strategic nuclear delivery ve-
hicles—ICBMs, SLBMs, and bombers—carrying a total of 1,550 
countable warheads or bombs. However, under New START 
counting rules, each warhead on an ICBM or SLBM is counted 
individually, but all the bombs or cruise missiles associated 
with one bomber are counted as one weapon. Thus, the total 
number of deployed strategic warheads and bombs actually 
will exceed 1,550. 

A reasonable assumption is that the deployed arsenal  
under New START will consist of roughly 1,750 warheads and 
bombs: 400 ICBM warheads (250 W87s and 150 W78s); 1,100 
SLBM warheads (400 W88s and 700 W76s); 75 B61 bombs; and 
175 W80 ALCM warheads.11 (The United States deploys another 

180 B61 bombs in Europe; although these will be the same as 
the B61-12 bombs that will be deployed in the United States, 
they are considered tactical weapons and thus are  
not accountable under New START. We do not consider  
them here.)

For a New START-sized arsenal with current warhead 
types, we find that the technical hedge would need to include 
1,250 weapons to provide replacements if one type of weapon 
failed (see Appendix B, p. 21). To provide a hedge for the  
700 deployed W76 warheads, the United States could add  
another two W78 ICBM warheads onto each of the 150 ICBMs 
armed with the W78, and deploy 150 additional B61 bombs 
and 250 additional W80 ALCMs. It is worth noting that if 
this hedge were deployed to replace the W76, the number  
of countable weapons would fall well below the New  
START limits. 

How might implementation of the 3+2 plan change the 
requirements for the technical hedge, again assuming a New 
START-sized arsenal?  

Deploying the first interoperable warhead (IW-1) to re-
place all the W78 ICBM warheads and half of the W88 SLBM 
warheads, as currently planned, would result in a technical 
hedge of either 1,050 or 1,300 warheads—depending on how 
the hedge is configured (see Appendix B, p. 21). 

The United States could 
cut the hedge by almost 
a factor of two once it 
becomes confident in 
the W76-1 and B61-12. It 
would not need to wait 
for three decades until it 
had built and deployed 
three new types of 
warheads. 

10  The NNSA’s assertion that the 3+2 plan will reduce the technical hedge by up to 50 percent is presumably based on the fact that a nuclear force with two warhead 
types that can substitute for each other will have a technical hedge equal to the size of the deployed force, whereas a force with three warhead types deployed in 
equal numbers will have a technical hedge equal to half of the deployed force (see Appendix A, p. 20). By building three warhead types for SLBMs and three for 
ICBMs, the technical hedge would be half of the deployed ICBM and SLBM warheads. However, this is not the relevant comparison, because the United States 
does not currently have two SLBM warhead types that can hedge for each other, and the required technical hedge is already much less than the deployed arsenal. 

11  In 2014, the United States released its planned force posture under New START: 400 ICBMs, 240 SLBMs, and 60 nuclear-capable bombers (American Forces 
Press Service 2014). The bomber force comprises 19 B-2 and 41 B-52 bombers (DOD n.d.b). Each B-2 can carry up to 16 nuclear bombs, for a total of 304 bombs, 
and each B-52 can carry up to 20 cruise missiles, for a total of 820. However, we assume that under New START, the United States will deploy 75 B61 bombs and 
175 W80 air-launched cruise missile warheads, which is slightly less than the number of these weapons currently deployed. These would count as only 60 weapons 
under New START.
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A fully interoperable warhead would be able to serve as 
a hedge for both the W87 ICBM warhead and the W76 
SLBM warhead, assuming that only one type would fail at 
any given time. However, the IW-1 will not be fully interop-
erable. Rather, it will have two variants—one for ICBMs and 
one for SLBMs—that will have different non-nuclear compo-
nents (albeit with some identical parts). Only the NEP will 
be interoperable. Thus, the hedge could consist of IW-1 
NEPs, non-nuclear components for the Navy warheads, and 
non-nuclear components for the Air Force warheads; the 
warheads would be assembled only if needed to replace a 
weapon in the deployed arsenal. Alternatively, the hedge 
could consist of fully assembled IW-1 warheads. This option 
would require building more IW-1 NEPs. In either case, the 
inter-leg hedge would be reduced from 700 to 300 warheads.

Adding a second interoperable warhead to replace the 
W87 and remaining W88 warheads would change the tech-
nical hedge to either 1,050 or 1,350 warheads—again de-
pending on the way the hedge is configured (see Appendix 
B, p. 21). The hedge could include IW-1 and IW-2 NEPs, 
non-nuclear components for the Navy IW-1 and IW-2 war-
heads, and nonnuclear components for the Air Force IW-1 
and IW-2 warheads; the warheads would be assembled only 
if needed to replace a weapon in the deployed arsenal. Alter-
natively, the hedge could include fully assembled Navy IW-1 
and IW-2 warheads and Air Force IW-1 and IW-2 warheads, 

with a total technical hedge of 1,350 weapons. In either case, 
there would only be intra-leg hedging.

If the United States replaced the W76 with a third in-
teroperable warhead and deployed equal numbers of the 
three interoperable warheads, the technical hedge would be 
1,000—whether or not the three IWs were truly interoperable 
(see Appendix B, p. 21). In this case, there would also only be 
intra-leg hedging. 

In sum, if the United States maintains current warhead 
types by refurbishing existing weapons rather than pursuing 
the 3+2 plan, the total strategic technical hedge would be 
1,250 warheads for a New START-sized arsenal. That techni-
cal hedge is much less than the current strategic hedge of 
2,400 warheads, suggesting the United States could cut the 
hedge by almost a factor of two once it becomes confident in 
the W76-1 and B61-12. It would not need to wait for three  
decades until it had built and deployed three new types of 
warheads. 

The technical hedge could be further reduced by a mod-
est amount—to 1,050—by building one interoperable warhead, 
in the scenario where the hedge consists of NEPs and sepa-
rate Navy and Air Force non-nuclear components that would 
only be assembled if needed. Under this scenario, adding a 
second interoperable warhead would not allow further re-
ductions in the hedge, and adding a third interoperable war-
head would allow an additional reduction to 1,000. Thus, if 
the goal is reducing the hedge, IW-2 and IW-3 are not very 
useful under this scenario. 

Moreover, if the goal is also to create a hedge that does not 
rely on inter-leg hedging, adding a third interoperable warhead  
is unnecessary, since building two interoperable warheads 
would allow only intra-leg hedging. Therefore, it would make 
no sense to produce a third interoperable warhead rather 
than simply extend the life of the W76-1 under this scenario.

If the hedge instead included fully assembled ballistic  
missile warheads, then building IW-1 and IW-2 would increase 

Deployed 
Warheads

Hedge under Refurbishment 
of Existing Warhead Types

Hedge under 3+2
Percent Reduction in Hedge 
under 3+2 Relative to 
Refurbishment

New START 1,750   1,250 1,000 20%

Half New START 900 775 525 32%

One-Third New START 600 600 350 42%

TABLE 2. Technical Hedge for Various Arsenal Sizes, under Refurbishment versus 3+2 Plan  

The reductions in the hedge allowed by the 3+2 plan will increase as the force size decreases, but a reduction of 50 percent would only be possible if the  
air-based weapons were eliminated.

The United States should 
assess its need to guard 
against technological 
surprise in the first 
place. 
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Developing and 
producing three new 
interoperable warheads 
may be more expensive 
than refurbishing the 
four existing ballistic 
missile warheads. 

the hedge. All three IWs would be needed to reduce the  
technical hedge to 1,000.   

How would these numbers change if the United States 
makes further reductions in its arsenal below New START  
levels? The Pentagon has already determined that the United 
States can reduce its deployed weapons by a third relative to 
New START levels, independent of Russian reciprocity 
(White House 2013). A nominal strategic arsenal with de-
ployed forces equal to half New START levels would have 
900 deployed warheads (75 W78s, 125 W87s, 350 W76s, 200 
W88s, 50 B61s, and 100 W80s) and a technical hedge of 775 
weapons (see Appendix B, p. 21). 

If the 3+2 plan were implemented and there were three 
warhead types for each of the ICBM and SLBM legs, for a  
deployed force of 900 strategic weapons, the technical hedge 
would be 525 weapons instead of 775—a one-third reduction 
(see Table 2).

If the United States made deeper reductions in its de-
ployed forces to, for example, 600 weapons (50 W78s, 50 
W87s, 200 W76s, 200 W88s, 50 B61s and 50 W80s), then the 
technical hedge would be 600 (see Appendix B, p. 21). Under 
the 3+2 plan, the technical hedge would be 350 rather than 
600—a reduction of 42% (see Table 2). Thus, as the arsenal is 
reduced, the 3+2 plan allows deeper reductions in the hedge. 
However, because only two air-based weapons are planned, the 
goal of reducing the hedge by 50 percent can be met only if the 
air-based weapons are eliminated.  

At a more fundamental level, the 3+2 plan or any other 
plan notwithstanding, the United States should reassess its 
hedge strategy.

For example, Britain and France take a very different ap-
proach to their nuclear arsenals. Britain has one type of nu-
clear weapon in its arsenal, a warhead similar to the U.S. W76 
that is deployed on SLBMs. It deploys no more than 120 and 
has a total of no more than 225 (Fallon 2015; Norris and Kris-
tensen 2013). It does not maintain a technical hedge. France 
currently has two warhead types for SLBMs, but only because 
it is currently replacing one warhead type with a new one; 
when finished, France will only deploy one warhead type on 
submarines. It also has one weapon type for aircraft delivery. 
It does not have a hedge force (Kristensen 2012).

Currently, the United States maintains a technical hedge 
as well as deploys two types of warheads per delivery system 
and two types of ballistic missile delivery systems. If one type 
of SLBM warhead failed, there would still be another war-
head type deployed on SLBMs as well as two types deployed 
on ICBMs. The United States should reconsider its need to 

maintain all three of these hedging strategies to deal with the 
potential for technical surprise. For example, a future ballistic 
missile force could consist of one deployed type of SLBM 
warhead, with a second type retained as a hedge.  

The United States should also assess its need to guard 
against technological surprise in the first place. The failure of 
an entire class of weapons is unlikely—especially for existing 
weapon types, which have undergone nuclear explosive test-
ing. The United States should quantify the odds of such a fail-
ure since a revision of this policy could obviate the need both 
for a technical hedge and for deploying two kinds of weapons 
per delivery system.

Cutting Costs 

The NNSA has argued that reductions in the hedge and in the 
number of weapon types under the 3+2 plan would save mon-
ey in the long term. Reducing the hedge would reduce the 
number of warheads to be produced and maintained, which 
would reduce the LEP production costs and maintenance 
costs, all else being equal. By reducing the number of ballistic 
missile warhead types by one, the 3+2 plan would require  
one fewer LEP, which would also result in savings, all else 
being equal. 

However, all else may not be equal: the cost of LEP pro-
grams can vary greatly depending on the complexity of the 
modifications. For example, the cost of the straightforward 
W76 LEP is roughly $4 billion, or $2.5 million per warhead, 
whereas the NNSA’s projected cost for the more complicated 
B61-12 LEP is $7–10 billion, or $14–20 million per bomb.12

Thus, developing and producing three new interoperable 
warheads may be more expensive than refurbishing the four 
existing ballistic missile warheads, depending on the relative 

12  The NNSA will produce an estimated 1,600 W76-1 warheads (Kristensen and Norris 2015). The NNSA plans to produce roughly 500 B61-12s (Kristensen 2015).
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complexity of the warheads.
Most of the NNSA’s cost estimates in the FY16 stockpile 

plan are greater than those in the FY15 document (see Table 
3, p. 14)—some by as much as 40 to 50 percent. The NNSA 
states the figures are higher in part because, for the first time, 
experts from the national weapons laboratories and nuclear 
weapons production facilities were involved in assessing the 

complexity of each LEP and warhead program.
Moreover, according to the NNSA, the substantial increase 

in the cost estimates for the interoperable weapons is due to the 
assumption that there will be different fuzing mechanisms for 
the Air Force and Navy versions of the IW warheads (NNSA 
2015). The increase in the cost estimate for the W88 Alt 370 pro-
gram is due to the replacement of the conventional high explo-
sive. There is no public information about the increase in the 
cost estimate for the W80-4 LEP. 

The FY15 stockpile plan compared its estimated costs of 
building IW-1 and IW-2 with those of refurbishing the W78, W87, 
and W88. The analysis included the research, development and 
production costs, as well as the sustainment costs. Sustainment 
costs include those for maintenance, periodic replacement of 
limited-life components, and surveillance activities to assess the 
safety, security, and reliability of the weapons. (Note that the esti-
mates in Table 3 do not include sustainment costs.) NNSA found 
that building the IW-1 and IW-2 rather than doing life extension 
programs for the W78, W87, and W88 would result in cost sav-
ings of $3 billion to $19 billion (in FY15 dollars).13 

Unfortunately, the FY15 stockpile plan provides no infor-
mation about the estimated costs of the W78, W87, and W88 

Program FY15 SSMP Cost Estimate  
(FY15 dollars in billions)

FY16 SSMP Cost Estimate  
(FY15 dollars in billions) Cost Difference

W76-1 LEP 4.1    4.4 +7%

B61-12 LEP 7.4 – 9.0 6.8 – 9.5 -8% to +6%

W88 Alt 370 2.4 – 2.8 2.7 – 3.7 +13% to +32%

W80-4 LEP 4.8 – 6.3 5.9 – 8.1 +23% to +29%

IW-1 7.9 – 9.8 9.8 – 14.8 +24% to +51%

IW-2 8.9 – 10.7 10.2 – 15.3 +15% to +43%

IW-3 10.0 – 12.7 9.6 – 14.2 -4% to +12%

Total 45.5 – 55.4 49.4 – 70.0 +9%  to +26%

TABLE 3. Research, Development, and Production Costs for Different Warheads, as Estimated in the  
FY15 and FY16 Stockpile Stewardship and Management Plans  

The NNSA’s FY16 cost estimates for warhead life extension programs and interoperable warheads show a significant increase relative to its FY15 estimates.

Based on the NNSA’s cost 
estimates, there is little 
reason to believe that the 
3+2 plan would be less 
expensive than simply 
refurbishing existing 
weapons. Indeed, it may 
be more expensive. 

13  The FY15 Stockpile Stewardship and Management Plan (SSMP) compared the costs for the 3+2 plan with those for the LEP strategy laid out in the FY 2011 stock-
pile plan, before the NNSA adopted the 3+2 plan. While Table 8-11, (page 8-18) of the FY15 SSMP indicates that savings would range from $10.2 to $28.6 billion for 
the first cycle of LEPs, it is comparing apples to oranges. The FY 2011 plan includes a LEP for the B83 bomb, where the 3+2 plan does not. As footnote 5 on page 
8-17 indicates, the cancelled B83 LEP is responsible for $7.5 to $ 9.5 billion of these cost savings—leading to an actual net savings of only $2.7 to $19.1 billion. Leav-
ing aside the B83 bomb, the FY2011 plan included the B61-12, W76-1, and W80 LEPs; the W88 Alt 370; and the W78, W87, and W88 LEPs. The 3+2 plan includes 
the B61-12, W76-1, W80, and B83 LEPs; the W88 Alt 370; and the IW-1 and IW-2 warheads. Neither the next W76 life extension program nor the IW-3 warhead 
was included in the NNSA analysis. In other words, the costs associated with conducting life extension programs for the W78, W87, and W88 warheads were  
compared with those associated with building the IW-1 and IW-2. 
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LEPs, or the sustainment costs of any of these weapons, so it is 
difficult to assess the validity of the calculated cost savings. 
However, there are several things to note. 

First, this is a wide range, which indicates that the  
uncertainty is large. 

Second, the cited savings are likely to be overestimates since 
the cost comparison does not include either the IW-3 or the next 
W76 life extension program. The IW-3’s research, development 
and production costs would almost certainly be greater than 
those of a straightforward W76 LEP, meaning that the nominal 
cost savings of pursuing the 3+2 plan would be reduced. 

Third, the NNSA calculation of potential savings does not 
take into account additional costs that the Navy and Air Force 
would incur to conduct additional flight tests (beyond those 
they regularly conduct) of their reentry vehicles with the new 
interoperable warheads.

The NNSA did not repeat its calculation of cost savings in 
its FY16 stockpile plan, nor did it repeat its claim that the 3+2 
plan will reduce costs. Moreover, while the FY16 plan includes 
updated cost estimates for the IW-1 and IW-2, it still does not 
include cost estimates for the W78, W87, or W88 LEPs.  

However, if we assume that the cost estimates for the W78, 
W87, and W88 LEPs are the same as those used in the FY15 cost 
savings calculation, when the FY16 cost estimates are used for 
IW-1 and IW-2, the cost difference between the 3+2 plan and 
the refurbishment strategy ranges from a cost increase of  
$7 billion to a cost savings of $16 billion.14 Because the cost esti-
mates for the other LEPs increased somewhat from the FY15 
values (although not by as much as did those for the IW pro-
grams), it is likely that the cost estimates for the W78, W87, and 
W88 LEPs would have increased somewhat as well if the NNSA 
were to calculate them. Thus, the cost increase of $7 billion may 
be a lower limit. On the other hand, as noted above, NNSA’s sav-
ings estimates do not take into account other factors. 

In short, based on the NNSA’s cost estimates, there is little 
reason to believe that the 3+2 plan would be less expensive 
than simply refurbishing existing weapons. Indeed, it may be 
more expensive. 

Finally, building the interoperable warheads would re-
quire manufacturing new plutonium pits (the fissile cores  
of thermonuclear weapons, contained in the primary stage), 
which in turn requires establishing an enhanced pit-manufac-
turing capability. For example, the IW-1 that will replace the 
W78 and W88 warheads will use a “W87-like” pit.  

The Los Alamos National Laboratory currently can pro-
duce some 10 pits annually, but the NNSA plans to install new 
equipment and increase its annual capacity to 50–80 pits by 
2030, when the IW-1 warhead is slated to begin production. 
The cost of doing so is uncertain, but will likely be several bil-
lion dollars. This cost should also be allocated to the 3+2 
program. 

Bottom line: Before work on the IW-1 begins in 2020, the 
NNSA should develop a better understanding of the full costs 
of the IW programs, and of the alternative of refurbishing the 
ballistic missile warheads. These cost estimates should be vali-
dated by independent experts.  

Improving Safety 

The NNSA says that its 3+2 plan would create a nuclear stock-
pile in which all warheads use insensitive high explosive  
(IHE) to initiate the nuclear explosion. IHE is more difficult  
to detonate than conventional high explosive and thus makes 

Building interoperable warheads would require manufacturing new plutonium 
pits, which in turn requires establishing an enhanced pit-manufacturing capabil-
ity, likely at the cost of several billion dollars. Here, a pit is being cast at Los 
Alamos National Laboratory.

Lo
s A

la
m

os
 N

at
io

na
l L

ab
or

at
or

y

14  The NNSA estimated that the FY15 costs savings for the 3+2 plan relative to LEPs ranged from $2.7 to $19.1 billion. The FY16 cost estimate of the IW-1 and IW-2 
increased by $3.2 to $9.6 billion, so the minimum cost saving is now $(2.7 – 9.6) billion = -$6.9 billion. The maximum costs savings is $(19.1 – 3.2) billion = $15.9 billion.
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accidental detonation of the high explosive less likely. 
U.S. nuclear weapons are designed so that the accidental 

detonation of a weapon’s high explosive has a less than one- 
in-a-million chance of causing a nuclear detonation (DOD 
n.d.a). The real concern is that an accidental detonation of the 
high explosive—or a detonation caused by a terrorist attack—
would disperse plutonium over a wide area. IHE, because it is 
more difficult to detonate than conventional high explosive, 
reduces this risk. IHE also would make handling the high ex-
plosives safer for workers and reduce the need for special 
equipment, facilities, and procedures at sites that work with 
them, potentially yielding cost savings.

However, the safety benefits of IHE are greater than its 
security benefits. In other words, IHE would be more effective 
in preventing an accidental detonation than in preventing a 
detonation caused by a terrorist attack. Even IHE could be det-
onated by the explosion of a nearby hand-grenade or by some 
types of bullets fired from some types of rifles at a distance of 
up to 150 meters.15 

The safety benefits of using IHE are not as great for SLBM 
warheads as for ICBM warheads. The submarine-launched 
Trident II missile uses a solid propellant that has a low detona-
tion threshold, and detonation of the propellant would deto-
nate even IHE. Thus, once the warheads are mated to the 
SLBMs on the submarines, IHE has little advantage over con-
ventional high explosive. However, IHE would provide safety 
benefits during SLBM warhead handling and transportation.  
(By contrast, land-based Minuteman III ICBMs use a propel-
lant that is difficult to detonate.) 

The United States developed IHE in the 1960s and 1970s, 
and nuclear weapons with IHE were added to the arsenal 

starting in 1979. However, not all weapons introduced since 
1979 use IHE. In particular, the W88 SLBM warhead, devel-
oped during the 1980s and first produced in 1988, uses con-
ventional high explosive. IHE is somewhat less energetic 
than is conventional high explosive, so more of it is needed. 
The United States wanted to make the W88 warheads as 
small and light as possible so it could maximize the number 
placed on each SLBM and the range of the missile, and decid-
ed to forgo using IHE. 

Currently the W87 ICBM warhead, the W80 ALCM  
warhead, and the B61 and B83 bombs all employ IHE. The 
remaining three warheads—the W78 ICBM warhead, and the 
W76 and W88 SLBM warheads—use conventional high ex-
plosive. The current W76 life extension program does not  
add IHE. 

It is not possible to simply replace the conventional high 
explosive in a weapon with IHE because, as noted above, 
more IHE would be required. Moreover, the high explosive is 
part of the nuclear explosive package, so adding IHE would 
entail modifying the NEP.

Although there are warheads with IHE that would fit  
on the Mk12-A reentry vehicle that carries the W78 ICBM  
warhead, they are probably not viable candidates for replac-
ing the W78. In particular, the W80 and W84 warheads are 
physically smaller than the W78 and would therefore fit on 
the Mk12-A reentry vehicle. However, these warheads were 
developed for delivery by cruise missiles, so may not be capa-
ble of handling the increased atmospheric stress they would 
experience on an intercontinental ballistic missile trajectory. 
(Intercontinental ballistic missiles travel at much greater 
speeds than do cruise missiles.) At a minimum, extensive 
flight testing would be required to certify that these cruise 
missile warheads would function after passing through a 
more demanding ICBM environment. Thus, replacing the 
W78 ICBM warheads with ones that use IHE would likely 
require producing a warhead of a new design. 

It is not feasible to replace the W76 or W88 SLBM war-
heads with an existing warhead containing IHE. The limiting 
factor here is the size of the Trident II SLBM reentry vehicle. 
Both the Mk4 and Mk5 reentry vehicles are too small to carry 
the W87, W80, or W84 warheads. It would be possible to mod-
ify the third stage of the Trident missile so that it could accom-
modate a smaller number of larger warheads, but such 
modification could be costly. Without doing so, acquiring an 
all-IHE SLBM force would require producing new warhead 
designs. 

At a minimum, extensive 
flight testing would be 
required to certify that 
these cruise-missile 
warheads would function 
after passing through a 
more demanding ICBM 
environment.  

15  The minimum explosive charge required for detonation of IHE is greater than 4 ounces of TNT, whereas the minimum velocity required for detonation by a  
projectile is approximately 1,000 meters per second (Harvey and Michalowski 1994). In comparison, the U.S. MK3A2 hand grenade has an explosive power of  
8 ounces of TNT (Department of the Army 2009). There are several rifle/bullet combinations that provide a bullet speed of greater than 1,000 meters per second 
at a distance of up to 150 meters (Hornady n.d.).
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New designs could reduce 
technical confidence in  
the resulting weapons.   

Despite the stated goal of acquiring an all-IHE SLBM 
force, the W76 LEP now under way is a straightforward refur-
bishment and the W76-1 will retain the conventional high ex-
plosive. The NNSA did not use the opportunity of the LEP to 
replace the W76 with a warhead containing IHE.  Indeed, the 
Navy has expressed concerns that changing the design of a 
weapon to add IHE would introduce uncertainty about the 
weapon’s reliability (GAO 2013). 

The Problem of Mix-and-Match Warheads

The NNSA’s 3+2 plan for the interoperable warheads is to build 
“mix and match” warheads, in which the primary would be 
from one previously tested warhead design, and the secondary 
would be from a different previously tested warhead design. 
The new combined warhead design, however, will not undergo 
nuclear explosive testing. 

In this respect, the 3+2 program is reminiscent of the 2005 
Reliable Replacement Warhead (RRW) program, which envi-
sioned a future arsenal based on a suite of new warheads that 
would nominally be more reliable and would incorporate ad-
vanced safety and security features. The first RRW would have 
been based on a nuclear explosive package that had been tested 
but never deployed. However, another proposed design incor-
porated a primary from one warhead with a secondary from 
another. The NNSA argued that experimental and computa-
tional simulation capabilities had improved to the point that 
the NNSA would have sufficient confidence to deploy the new 
warheads without nuclear explosive tests to confirm that they 
would work as intended. 

After providing low levels of funding for several years, 
Congress eventually saw the RRW program as overly ambitious 
and much more expensive than anticipated, and eliminated 
funding for it in 2009. The Obama administration canceled the 

program in 2010. Part of the administration’s rationale was 
that the RRW program would have created an “entirely differ-
ent” warhead, and the administration did “not foresee any 
reason to have a new warhead” (DOD 2010b). 

However, the administration has apparently changed its 
mind. While the NNSA plans to use only components that have 
previously undergone nuclear explosive testing, mixing and 
matching primaries and secondaries that have never been test-
ed together would result in a design that would be “new” in 
anything but the narrowest semantic sense (see box on page 5).

New designs could also reduce technical confidence in 
the resulting weapons. As noted above, the Navy has ex-
pressed concerns that using newly-designed warheads would 
introduce uncertainty. Indeed, the JASON independent advi-
sory group of scientists that advises the government on  
defense and other policy issues has long warned that the  
“. . . greatest care in the form of self-discipline will be required 
to avoid system modifications, even if aimed at ‘improve-
ments,’ which may compromise reliability” (Drell et al. 1995).

Ultimately, such uncertainty could lead some to argue 
that the United States needs to “proof test” the new designs 
through underground nuclear explosive testing. If the United 
States did resume nuclear testing, it would encourage a re-
sumption of testing by other nations and could lead to the col-
lapse of the Nuclear Non-Proliferation Treaty.   

Weapons Designers and the 3+2 Plan

Some have argued that extending the life of existing warhead 
types will not allow weapons designers to develop their skills 
and will make it more difficult to attract and retain high-cali-
ber scientists as weapons designers (AAAS and UCS 2015). 
However, assuming such a problem exists, it could be ad-
dressed by having designers design new weapons even if the 
United States did not plan to build any new ones. While the 
United States has not produced a new weapon type in 25 
years,16 during that time, designers have designed several new 
weapons, including two for the RRW program. They have  
also designed new weapons to allow the United States to  
better understand the nuclear weapons  capabilities of  
other countries.   

16  The newest weapon type is the W88, and it entered the arsenal in 1989.
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Conclusion and Recommendations

[ chapter 3 ]

The NNSA’s 3+2 plan has three main goals: reducing the 
hedge, reducing costs, and transitioning to an all-IHE force. 

Reducing the Hedge. One reason the NNSA wants to reduce 
the hedge is to achieve a smaller overall stockpile that would 
be more in line with U.S. international security obligations. 
We strongly endorse such an action. However, the United 
States can—and should—make a substantial reduction in the 
strategic hedge without pursuing the 3+2 plan. 

The current strategic hedge of 2,400 warheads is twice 
the technical hedge required for a New START-sized arsenal 
with existing warhead types. The United States should cut its 
strategic hedge in half once it gains confidence in the W76-1 
warhead and can retire the excess W76-0 warheads. 

Pursuing the 3+2 plan would further reduce the required 
technical strategic hedge from 1,250 to 1,000 warheads for a 
New START-sized arsenal—a modest reduction of 20 percent. 

As the nuclear arsenal is reduced further, the 3+2 plan would 
allow deeper reductions in the hedge. However, the goal of 
reducing the hedge by 50 percent can be met only if the air-
based weapons are eliminated.  

Building the IW-1 and IW-2 would provide an intra-leg 
hedge for the W76 warhead; IW-3 is unnecessary to achieve 
this objective. Currently, if the W76 failed, the United States 
could upload ICBM warheads and deploy additional air-de-
livered cruise missiles and bombs. However, as the arsenal is 
reduced below New START levels, some W88s could be made 
available for the W76 hedge. More fundamentally, providing 
an intra-leg hedge for the W76 may be unimportant since the 
United States also deploys a second type of SLBM warhead 
and two types of ICBM warheads.

Indeed, the United States should reassess its current 
practice of maintaining a technical hedge as well as deploying 
two types of warheads per delivery system and two types of 
ballistic missile delivery systems; employing all three hedging 
strategies should not be necessary. It should also reconsider 
the need to guard against technological surprise in the first 
place. The failure of an entire class of weapons is highly un-
likely—at least for existing weapons, which have undergone 
nuclear explosive testing. The United States should quantify 
the odds of such a failure since a revision of this policy could 
obviate the need for both a technical hedge and for deploying 
two kinds of weapons per delivery system. 

Neither Britain nor France worries about technical fail-
ure. Britain deploys one type of nuclear weapon on subma-
rines; France deploys one type on aircraft and is moving from 
one type of submarine-based warhead to another. Neither 
country maintains a hedge. 

The United States 
should cut its strategic 
hedge in half once it 
gains confidence in the 
W76-1 warhead and can 
retire the excess W76-0 
warheads.   
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Reducing Costs. The NNSA has said its plan will lead to 
cost savings by reducing the hedge and the number of war-
head types that need to undergo life extension programs. 

In its FY15 SSMP, the NNSA estimates that building  
IW-1 and IW-2 rather than extending the lives of the W78, 
W87, and W88 would result in savings of $3 to $19 billion. 
The NNSA did not do a cost comparison in its FY16 SSMP. 
However, the estimated costs for the 3+2 plan in the FY16 
SSMP are significantly greater than those in the FY15 SSMP. 
Using these values, the cost of building the IW-1 and IW-2 
could be as much as $7 billion greater than that of conduct-
ing LEPs for the W78, W87, and W88. 

Moreover, these savings are an overestimate for the 3+2 
program since the cost comparison did not include the IW-3 
and the next W76 LEP; designing and producing the IW-3 
would almost certainly be more expensive than a refurbish-
ment of the W76-1. Also, building interoperable warheads  
instead of refurbishing existing ones would necessitate  
additional flight testing, which is an additional expense  
that the Defense Department would have to cover.

Thus, there is no reason to believe that building new 
weapons under the 3+2 plan would be less expensive than 

refurbishing existing weapons. In any event, the NNSA 
should do a thorough assessment of the full costs of pursuing 
the 3+2 plan and compare it to the costs of conducting life 
extension programs for the weapons remaining in the arsenal. 

Adding Insensitive High Explosive. The NNSA’s goal of re-
ducing the risk of accidental plutonium dispersal by transi-
tioning to an all-IHE stockpile is worthwhile. It would benefit 
the safety of the public as well as those who work with nucle-
ar weapons. However, doing so would likely require building 
new mix-and-match warheads—as the NNSA plans to do as 
part of the 3+2 plan. 

Technical and Political Costs. The 3+2 plan entails technical 
risks and political costs. Deploying new warhead types un-
dermines the most fundamental goals of the stockpile stew-
ardship program by increasing uncertainty about the 
reliability of the resulting warhead. That uncertainty could 
lead some political and military leaders to argue that nuclear 
“proof testing” is necessary to demonstrate that such weap-
ons will work as intended, and that therefore the United 
States needs to resume nuclear testing. 

Building new types of warheads also is contrary to one of 
the key goals of the Comprehensive Test-Ban Treaty, and un-
dermines the Nuclear Non-Proliferation Treaty regime. Final-
ly, it is counter to the administration’s commitment, as 
expressed in its 2010 Nuclear Posture Review, to reducing  
the salience of nuclear weapons.

The Bottom Line. Instead of pursuing the 3+2 plan and 
building new warheads, the United States should refurbish  
or retire existing weapons.

 

Instead of pursuing the  
3+2 plan and building new 
warheads, the United  
States should refurbish
or retire existing weapons.  
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[ appendix a ]

A nuclear force with two warhead types that can substi-
tute for each other will have a technical hedge equal to the 
size of the deployed force (see Table A-1), whereas a force 
with three warhead types deployed in equal numbers will 
have a technical hedge equal to half of the deployed force (see 
Table A-2). By building three warhead types for subma-
rine-launched ballistic missiles (SLBMs) and three for in-
ter-continental ballistic missiles (ICBMs), the technical 

hedge would be half of the deployed ICBM and SLBM 
warheads. 

If the deployed force had three warhead types, but they 
were not deployed in equal numbers, then the size of the 
technical hedge would be between 50 percent and 100 per-
cent of the deployed force. For example, if the ratio of de-
ployed forces is 1:2:3, the hedge will be two-thirds of the 
deployed force (see Table A-3).

Deployed 
Warheads Technical  Hedge

100 Wa 100 Wb

200 Wb 200 Wa

Total 300 300

Deployed 
Warheads Technical  Hedge Notes

100 Wa 50 Wb + 50 Wc

100 Wb 50 Wa + 50 Wc

100 Wc 50 Wa + 50 Wb

Total 300
150 
(50 Wa + 50 Wb 
+ 50 Wc)

Since we assume 
that only one war-
head type will fail at 
a time, the hedge 
needs to include 
only 50 each of  
Wa, Wb, and Wc.

Deployed 
Warheads Technical  Hedge Notes

50 Wa 25 Wb + 25 Wc

100 Wb 50 Wa + 50 Wc

150 Wc 75 Wa + 75 Wb

Total 300
200 
(75 Wa + 75 Wb 
+ 50 Wc)

Since we assume 
that only one war-
head type will fail at 
a time, the hedge 
needs to include 75 
each of Wa and Wb, 
and 50 Wc.

TABLE A-1. Hypothetical Force with Two Warhead Types 
(Wa and Wb)

TABLE A-2. Hypothetical Force with Three Warhead 
Types (Wa, Wb, and Wc) Deployed in Equal Numbers 

TABLE A-3. Hypothetical Force with Three Warhead 
Types (Wa, Wb, and Wc) Deployed in Unequal Numbers 

For a force with two warhead types, the number of warheads in the hedge 
will equal the number deployed.

For a force with three warhead types deployed in equal numbers, the  
number of warheads in the hedge will be half of the number deployed.

For a force with three warhead types deployed in unequal numbers, the 
number of warheads in the hedge will be less than the number of deployed 
warheads but greater than half of the deployed warheads. In the case shown 
here, there are 300 deployed warheads and a hedge of 200 warheads.



21Bad Math on New Nuclear Weapons 

[ appendix b ]

For a New Strategic Arms Reduction Treaty (New START)-
sized arsenal with current warhead types, Table B-1 shows 
that the technical hedge would need to include 1,250 war-
heads to provide replacements if one type of warhead failed. 

Note that the United States currently deploys 100 stra-
tegic B61 and B83 bombs and has a total of 500, so up to 400 
additional bombs are in the hedge and available for deploy-
ment. However, the entire B-2 fleet of 19 aircraft can carry 
only 304 bombs, and the 16 aircraft on day-to-day deploy-
ment can carry only 256 bombs, leaving room for deploy-
ment of only an additional 156 to 204 bombs. Thus, we will 
assume that the United States will deploy 75 B61 bombs un-
der New START, leaving room for an additional 175. These 
will serve as the hedge for the 175 W80 warheads.

Also note that the United States has a total of 500 cruise 
missiles and deploys 200, leaving up to 300 cruise missiles 
that could be deployed; the B-52 fleet can carry 820 cruise 
missiles, allowing deployment of the additional 300.

Thus, to provide a hedge for the 700 deployed W76 
SLBM warheads, the United States could add another two 

W78 inter-continental ballistic missile (ICBM) war-
heads onto each of the 150 ICBMs armed with the W78, 
and deploy 175 additional B61 bombs and 225 additional 
W80 ALCMs. 

The inter-leg hedge would therefore consist of  
700 warheads. 

Deploying the first interoperable warhead (IW-1) to 
replace all the W78 ICBM warheads and half of the W88 
SLBM warheads, as currently planned, would result in a 
technical hedge of either 1,050 or 1,300 warheads—de-
pending on how the hedge is configured (see Table B-2, 
p. 22). 

A fully interoperable warhead would be able to 
serve as a hedge for both the W87 ICBM warhead and 
the W76 SLBM warhead, assuming that only one type 
would fail at any given time. However, the IW-1 will not 
be fully interoperable. Rather, it will have two variants—
one for ICBMs and one for SLBMs—that will have differ-
ent non-nuclear components. Only the nuclear explosive 
package (NEP) will be interoperable. Thus, the hedge 

 Deployed Technical Hedge Notes

150 W78 (ICBM) 150 W87 (ICBM)   

250 W87 (ICBM) 250 W78 (ICBM)

700 W76 (SLBM)
300 W78 (ICBM)  
+ 225 W80 (ALCM) 
+ 175 B61

If the W76 developed a problem, the U.S. could compensate by 
uploading an additional two W78 warheads on each of the 150 
ICBMs armed with the W78 warhead, and deploying 175 more 
B61 bombs and 225 more W80 ALCMs

400 W88 (SLBM) 400 W76 (SLBM)

75 B61 75 W80 (ALCM)

175 W80 (ALCM) 175 B61

TOTAL 1,750
1,250 = 150 W87  
+ 300 W78 + 400 W76  
+ 225 W80 + 175 B61

To avoid double counting, note that the weapons in the W76 
hedge are adequate to also serve as the hedge for the W87, 
W80, and B61.

TABLE B-1. Nominal Strategic Arsenal under New START with Current Warhead Types  

The technical hedge required for a New START-sized arsenal is roughly half that of the current strategic hedge.
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Because the IWs are not truly interoperable, the size of the technical hedge will depend on how it is configured. The hedge will decrease only if it consists of 
separate NEPs and non-nuclear components that would only be assembled if needed.

TABLE B-2. Nominal Strategic Arsenal under New START with IW-1 Replacing All W78 and Half of W88 Warheads  

 Deployed Technical Hedge Notes

150 IW-1 (ICBM) 150 W87 (ICBM)   

250 W87 (ICBM) 250 IW-1 (ICBM) 

700 W76 (SLBM) 400 IW-1 (SLBM) + 125 W80 
+ 175 B61 

There are several ways to configure the W76 hedge. For example, 
the United States could build more IW-1s to allow a hedge of 
700 IW-1s. Since fully implementing the 3+2 plan would entail 
building 750 IW-1s (see Table B-4), we assume a total of 750 IW-
1s (350 deployed and 400 in the hedge) here as well.

200 W88 (SLBM) 200 W76 (SLBM)

200 IW-1 (SLBM) 200 W76 (SLBM)

75 B61 75 W80

175 W80 175 B61 

TOTAL 1,750

1,050 = 150 W87 + 200 W76 
+ 400 IW-1 NEPs + 125 W80 
+ 175 B61

1,300 = 150 W87  
+ 200 W76 + 250 IW-1 (ICBM) 
+ 400 IW-1 (SLBM)  
+ 125 W80 + 175 B61

The IW-1 will have two variants—one for SLBMs and one for 
ICBMs. The hedge could consist of 400 IW-1 NEPs that would 
be assembled into warheads only if needed, or of 650 IW-1 
warheads: 400 for SLBMs and 250 for ICBMs. In the former case, 
the hedge would be 1,050 warheads and NEPs; in the latter case, 
it would be 1,300 warheads. 

could consist of 400 IW-1 NEPs, 400 Navy component sets, 
and 250 Air Force component sets; the warheads would be 
assembled only if needed to replace a weapon in the deployed 
arsenal. This scenario would require building a total of 750 
IW-1 NEPs—350 for the deployed arsenal and 400 for the 
hedge. Alternatively, the hedge could consist of 650 IW-1  
warheads: 400 SLBM versions and 250 ICBM versions. This 
case would entail building 1,000 IW-1s, and the hedge would 
be 1,300 weapons. In either case, the inter-leg hedge would be 
reduced to 300 warheads.

Adding a second interoperable warhead to replace the 
W87 and remaining W88 warheads would result in a techni-
cal hedge of either 1,050 or 1,350 warheads—again depending 
on the way the hedge is configured (see Table B-3). The 
hedge could include 350 IW-1 NEPs, 350 IW-2 NEPs, 350 
Navy IW-1 component sets, 350 Navy IW-2 component sets, 
200 Air Force IW-1 component sets, and 200 Air Force IW-2 
component sets; the warheads would be assembled only if 
needed to replace a weapon in the deployed arsenal. This  
scenario would require building 750 IW-1 NEPs and 750 IW-2 
NEPs—400 for the deployed arsenal and 350 for the hedge. 
Alternatively, the hedge could include 550 IW-1 and 550 IW-2 

warheads, with 350 SLBM versions and 200 ICBM versions 
for IW-1 and for IW-2. This case would entail building 950 
IW-1s and 950 IW-2s, and the total technical hedge would be 
1,350 weapons. In either case, there would only be intra-leg 
hedging.

If the United States replaced the W76 with a third in-
teroperable warhead and deployed equal numbers of the 
three interoperable warheads, the technical hedge would be 
1,000—whether or not the three IWs were truly interoperable 
(see Table B-4).* In this case, there would only be intra-leg 
hedging. This option would require building 750 of each in-
teroperable warhead—550 for the SLBM leg, and 200 for the 
ICBM leg. 

In sum, if the United States maintains current warhead 
types by refurbishing existing weapons rather than pursuing 
the 3+2 plan, the total strategic technical hedge would be 
1,250 warheads for a New START-sized arsenal. The techni-
cal hedge could be further reduced by a modest amount—to 
1,050—by building one interoperable warhead, in the scenario 
where the hedge consists of NEPs and separate Navy and Air 
Force component sets that would only be assembled if need-
ed. Under this scenario, adding a second IW would not allow 

* If the three warheads were not deployed in equal numbers, the hedge would be greater than 1,000 (see Appendix A, p. 20).
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TABLE B-3. Nominal Strategic Arsenal under New START with IW-1 and IW-2 Replacing All W78, W88, and  
W87 Warheads  

 Deployed Technical Hedge Notes

200 IW-1  (ICBM) 200 IW-2 (ICBM)   

200 IW-2 (ICBM) 200 IW-1 (ICBM) 

200 IW-1 (SLBM) 200 IW-2 (SLBM) 

200 IW-2 (SLBM) 200 IW-1 (SLBM)

700 W76 (SLBM) 350 IW-1 (SLBM)  
+ 350 IW-2 (SLBM)

75 B61 75 W80

175 W80 175 B61

TOTAL 1,750

1,050 = 400 IW-1 NEPs + 400 
IW-2 NEPs + 75 W80  
+ 175 B61

1,350 = 200 IW-1 (ICBM)  
+ 200 IW-2 (ICBM)  
+ 350 IW-1 (SLBM)  
+ 350 IW-2 (SLBM)  
+ 75 W80 + 175 B61

The IW-1 and IW-2 will each have two variants—one for SLBMs 
and one for ICBMs. The hedge could consist of 400 IW-1 and 
400 IW-2 NEPs that would be assembled into warheads only if 
needed, or of 550 IW-1 warheads (350 for SLBMs and 200 for 
ICBMs) and 550 IW-2 warheads (350 for SLBMs and 200 for 
ICBMs). In the former case, the hedge would be 1,050 warheads 
and NEPs; in the latter case, it would be 1,350 warheads. 

Because the IWs are not truly interoperable, the size of the technical hedge will depend on how it is configured. The hedge will decrease only if it consists of 
separate NEPs and non-nuclear components that would only be assembled if needed.

If all three IWs are deployed, the required technical hedge will be 1,000—20 percent lower than the hedge of 1,250 that would be required if the ballistic 
missile warheads instead undergo life extension programs.

TABLE B-4. Nominal Strategic Arsenal under New START with IW-1, IW-2, and IW-3 Deployed in Equal Numbers 

 Deployed Technical Hedge

135 IW-1 (ICBM) 67 IW-2 (ICBM) + 68 IW-3 (ICBM)   

135 IW-2 (ICBM) 67 IW-3 (ICBM) + 68 IW-1 (ICBM) 

135 IW-3 (ICBM) 67 IW-1 (ICBM) + 68 IW-2 (ICBM) 

365 IW-1 (SLBM) 183 IW-2 (SLBM) + 182 IW-3 (SLBM)

365 IW-2 (SLBM) 183 IW-3 (SLBM) + 182 IW-1 (SLBM)

365 IW-3 (SLBM) 183 IW-1 (SLBM) + 182 IW-2 (SLBM)

75 B61 75 W80

175 W80 175 B61 

TOTAL 1,750 1,000 = 67 IW-1 (ICBM) + 183 IW-1 (SLBM) + 67 IW-2 (ICBM) + 183 IW-2 (SLBM) + 67 IW-3 (ICBM) 
+ 183 IW-3 (SLBM) + 75 W80 + 175 B61
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further reductions in the hedge, and a third IW would reduce 
it by only another 50 warheads. Thus, if the goal is reducing 
the hedge, IW-2 and IW-3 are not very useful under this 
scenario. 

Moreover, if the goal is also to create a hedge that does 
not rely on inter-leg hedging, adding a third interoperable 
warhead is unnecessary, since building two interoperable 
warheads would allow only intra-leg hedging. Therefore, it 
would make no sense to produce a third interoperable war-
head rather than simply extend the life of the W76-1.

If the hedge instead included fully assembled ballistic 
missile warheads, then all three IWs would be needed to re-
duce the technical hedge to 1,000.   

How would these numbers change if the United States 
makes further reductions in its arsenal below New START 
levels? Table B-5 shows a nominal strategic arsenal with de-
ployed forces equal to half New START levels. It has a techni-
cal hedge of 775 weapons. Because only 200 W88s are 
deployed, the remaining 200 can serve as a partial hedge for 
the W76, with the remaining hedge consisting of uploaded 
W78 ICBM warheads.

If the 3+2 plan were implemented and there were three 
warhead types for each of the ICBM and SLBM forces, for a 
deployed force of 900 strategic weapons, the technical hedge 
would be 525 weapons instead of 775—a one-third reduction. 

If the United States made deeper reductions and cut the 
deployed SLBM force to 200 W76 and 200 W88 warheads, 
then there could be all intra-leg hedging. If, for example, the 
deployed force totaled 600 weapons (see Table B-6), then the 

technical hedge would be 600. Under the 3+2 plan, the tech-
nical hedge would be 350 rather than 600—a reduction of 
42%. Thus, as the arsenal is reduced, the 3+2 plan allows 
deeper reductions in the hedge. However, because there 
would be only two types of air-based weapons, the goal of  
reducing the hedge by 50 percent can be met only if the  
air-based weapons are eliminated.  

In this scenario, deploying three IWs instead of extending the life of current 
warhead types would reduce the hedge from 600 to 350—a reduction of  
42 percent.

In this scenario, deploying three IWs instead of extending the life of current warhead types would reduce the hedge from 775 to 525—a one-third reduction.

TABLE B-5. Smaller Strategic Arsenal with Current Warhead Types

 Deployed Technical Hedge Notes

75 W78 (ICBM) 75 W87 (ICBM)   

125 W87 (ICBM) 125 W78 (ICBM) 

350 W76 (SLBM) 200 W88 (SLBM)  
+ 150 W78 (ICBM)  

If the W76 developed a problem, the U.S. could compensate by 
uploading an additional two W78 warheads on each of the 75 
ICBMs armed with the W78 warhead. 

200 W88 (SLBM) 200 W76 (SLBM)

50 B61 50 W80 (ALCM)

100 W80 (ALCM) 100 B61

TOTAL 900
775 = 75 W87 + 150 W78  
+ 200 W88 + 200 W76  
+ 50 W80 + 100 B61

Deployed Technical  Hedge

50 W78 (ICBM) 50 W87 (ICBM)

50 W87 (ICBM) 50 W78 (ICBM)

200 W76 (SLBM) 200 W88 (SLBM) 

200 W88 (SLBM) 200 W76 (SLBM)

50 B61 50 W80 (ALCM)

50 W80 (ALCM) 50 B61

Total 600 600

TABLE B-6. Even Smaller Strategic Arsenal with Current 
Warhead Types 



25Bad Math on New Nuclear Weapons 

Harencak, G. 2013. Testimony before the Strategic Forces Subcom-
mittee of the Senate Armed Services Committee. April 17. Online 
at www.armed-services.senate.gov/imo/media/doc/13-22%20-%20
4-17-13.pdf.

Harvey, J. and S. Michalowski. 1994. Nuclear weapons safety: the 
case of Trident. Science and Global Security 4(3):261–337. Online 
at http://scienceandglobalsecurity.org/archive/1994/08/nuclear_
weapons_safety_the_cas.html.

Hornady Manufacturing. No date. Rifle ballistics. Online at www. 
hornady.com/assets/files/ballistics/2015-Metric-Ballistics.pdf.

Jacobson, T. 2014a. Former LLNL director: ‘3+2’ warhead strategy 
unlikely to be realized. Nuclear Security and Deterrence Monitor 
18(13):10–11. Online at www.lasg.org/press/2014/NSDM_ 
28Mar2014.html.

Jacobson, T. 2014b. Held: further cuts to NNSA weapons budget will 
‘break’ 3+2 strategy. Nuclear Security and Deterrence Monitor 
18(5):2–3. 

Jacobson, T. 2014c. Nuclear Weapons Council debating expanding 
scope of W88 Alt 370. Nuclear Security and Deterrence Monitor 
18(25):11. Online at www.lasg.org/press/2014/NSDM_20Jun2014.
html.

Kristensen, H. 2015. Private communication. July. 

Kristensen, H. 2012. France. In Assuring destruction forever: nuclear 
weapon modernization around the world, edited by R. Acheson. 
New York City: Reaching Critical Will, 27–33. Online at http://
reachingcriticalwill.org/images/documents/Publications/modern-
ization/assuring-destruction-forever.pdf.

Kristensen, H. 2010. Scrapping the safe nuke? Strategic Security. Fed-
eration of American Scientists. Blog. October 6. Online at http://
fas.org/blogs/security/2010/10/w84/.

Kristensen, H. and R. Norris. 2015. U.S. nuclear forces, 2015. Bulletin 
of the Atomic Scientists 71(2):107–119. Online at http://bos. 
sagepub.com/content/71/2/107.full.pdf+html.

Miller, S. and S. Ho. 2012. CAPE independent cost estimate (ICA) B61 
LEP. Department of Defense. July 13. Online at www.ucsusa.org/
sites/default/files/legacy/assets/documents/nwgs/CAPE-ICA-for-
B61-LEP-July-2012.pdf.

National Nuclear Security Administration (NNSA). 2015. Fiscal Year 
2016. Stockpile stewardship and management plan. Report to  
Congress. Washington, DC: U.S. Department of Energy. March.  
Online at http://nnsa.energy.gov/sites/default/files/FY16SSMP_
FINAL%203_16_2015_reducedsize.pdf.

National Nuclear Security Administration (NNSA). 2014. Fiscal Year 
2015. Stockpile stewardship and management plan. Report to Con-
gress. Washington, DC: U.S. Department of Energy. April. Online 
at http://nnsa.energy.gov/sites/default/files/nnsa/04-14-inline-
files/2014-04-11%20FY15SSMP_FINAL_4-10-2014.pdf

American Association for the Advancement of Science and Union of 
Concerned Scientists (AAAS and UCS). 2015. Summary Report: 
Workshop on the future of the U.S. nuclear arsenal. August.  
Online at www.ucsusa.org/sites/default/files/attach/2015/08/
Workshop-Report-Future-of-Nuclear-Weapons.pdf.  

American Forces Press Service. 2014. Pentagon officials announce 
U.S. strategic force structure. April 8. Online at http://archive.
defense.gov/news/newsarticle.aspx?id=122007.

Collina, T. 2014. NNSA’s ‘3+2’ nuclear warhead plan does not add  
up. Issue brief. Arms Control Association. May 6. Online at  
www.armscontrol.org/issuebriefs/NNSAs-3%202-Nuclear-Warhead- 
Plan-Does-Not-Add-Up%20.

Department of the Army. 2009. Grenades and pyrotechnic signals. 
Field manual. FM 3-23.30. Department of the Army. October.  
Online at www.globalsecurity.org/jhtml/jframe.html#http:// 
www.globalsecurity.org/military/library/policy/army/fm/ 
3-23-30/fm3-23-30_2009.pdf.

Department of Defense (DOD). 2013. Report on nuclear employment 
strategy of the United States specified in section 491 of 10 U.S.C. 
June 12. Online at www.globalsecurity.org/wmd/library/policy/
dod/us-nuclear-employment-strategy.pdf.

Department of Defense (DOD). 2010a. Nuclear posture review  
report. April. Online at http://archive.defense.gov/npr/docs 
/2010%20Nuclear%20Posture%20Review%20Report.pdf

Department of Defense (DOD). 2010b. DoDLive bloggers roundtable: 
Nuclear Posture Review. [with Bradley H. Roberts, Deputy Assis-
tant Secretary of Defense for Nuclear and Missile Defense; Admi-
ral John E. Roberti, Deputy Director for Strategy and Policy J-5]. 
April 6. Podcast online at www.dodlive.mil/index.php/2010 /04/
dodlive-bloggers-roundtable-nuclear-posture -review/. 

Department of Defense (DOD). No date a. The nuclear matters hand-
book. Expanded edition. Washington, DC: Office of the Assistant 
Secretary of Defense for Nuclear, Chemical, and Biological  
Defense Programs. Online at www.acq.osd.mil/ncbdp/nm/nm_
book_5_11/docs/NMHB2011.pdf.

Department of Defense (DOD). No date b. Fact sheet on U.S. nuclear 
force structure under the New START treaty. Online at www.
defense.gov/documents/Fact-Sheet-on-US-Nuclear-Force- 
Structure-under-the-New-START-Treaty.pdf.

Drell, S., J. Cornwall, F. Dyson, D. Eardley, R.Garwin, D. Hammer, J. 
Kammerdiener, R. LeLevier, R. Peurifoy, J. Richter, M. Rosenbluth, 
S. Sack, J. Sullivan, and F. Zachariasen [the JASON scientist group]. 
1995. Nuclear testing: summary and conclusions. August 3. JSR-95-
320. [Report by the JASON group of scientists.] Online at http://fas.
org/rlg/jsr-95-320.htm.

Government Accountability Office (GAO). 2013. ICBM moderniza-
tion: approaches to basing options and interoperable warhead de-
signs need better planning and synchronization. GAO-13-831. 
September. Online at www.gao.gov/assets/660/658044.pdf.

[ references ]



26 union of concerned scientists

National Nuclear Security Administration (NNSA). 2013. Fiscal Year 
2014. Stockpile stewardship and management plan. Report to Con-
gress. Washington, DC: U.S. Department of Energy. June. Online 
at http://nnsa.energy.gov/sites/default/files/nnsa/06-13-inlinefiles/
FY14SSMP_2.pdf.

National Nuclear Security Administration (NNSA). 2010a. Pantex 
begins disassembly of a W84 warhead. Press release. September 
28. Washington, DC. Online at http://www.nnsa.energy.gov/ 
mediaroom/pressreleases/w84disassembly092810.

National Nuclear Security Administration (NNSA). 2010b. FY 2011 
stockpile stewardship and management plan summary. Washing-
ton, DC: U.S. Department of Energy. May. Online at www.fas.org/
programs/ssp/nukes/nuclearweapons/SSMP2011_summary.pdf.

National Nuclear Security Administration (NNSA). No date. Life ex-
tension programs. Online at http://nnsa.energy.gov/ourmission/
managingthestockpile/lifeextensionprograms.

Norris, R, and Kristensen, H. 2013. The British nuclear stockpile, 
1953–2013. Bulletin of the Atomic Scientists 69(4):69–75. Online at 
http://bos.sagepub.com/content/69/4/69.full.pdf+html. 

Norris, R. and H. Kristensen. 2008. French nuclear forces, 2008. Bul-
letin of the Atomic Scientists 64(4):52-54. September. Online at 
http://bos.sagepub.com/content/64/4/52.full.pdf+html.

Navy perspective of W78/88-1 life extension program phase 6.2, 
“analysis of alternatives/feasibility study.” Memorandum for the 
chairman, Nuclear Weapons Council. September 27. Online at 
www.trivalleycares.org/new/W78_88LEP_Navy_Memo_9-27-12.pdf.

U.S. Senate, Committee on Appropriations, Energy and Water Devel-
opment Subcommittee (U.S. Senate). 2014. FY 2015 energy and 
water development subcommittee reported bill and draft report. 
July 24. Washington, DC. Online at www.appropriations.senate.
gov/news/fy-2015-ew-subcommittee-reported-bill-and-draft- 
report.

White House, The. 2013. Remarks by President Obama at the  
Brandenburg Gate—Berlin, Germany. June 19. Online at  
www.whitehouse.gov/the-press-office/2013/06/19/remarks- 
president-obama-brandenburg-gate-berlin-germany.



27Bad Math on New Nuclear Weapons 



web: www.ucsusa.org  printed on recycled paper using vegetable-based inks  © OCTOBER 2015 union of concerned scientists

NATIONAL HEADQUARTERS 
Two Brattle Square
Cambridge, MA 02138-3780
Phone: (617) 547-5552
Fax: (617) 864-9405

WASHINGTON, DC, OFFICE
1825 K St. NW, Suite 800
Washington, DC 20006-1232
Phone: (202) 223-6133
Fax: (202) 223-6162

WEST COAST OFFICE
500 12th St., Suite 340
Oakland, CA 94607-4087
Phone: (510) 843-1872
Fax: (510) 843-3785

MIDWEST OFFICE
One N. LaSalle St., Suite 1904
Chicago, IL 60602-4064
Phone: (312) 578-1750
Fax: (312) 578-1751

The Union of Concerned Scientists puts rigorous, independent science to work to solve our planet’s most pressing problems. Joining with citizens across 
the country, we combine technical analysis and effective advocacy to create innovative, practical solutions for a healthy, safe, and sustainable future.

find this document online: www.ucsusa.org/badmath

The United States has an ambitious plan—dubbed “3+2”—for the 
future of its nuclear arsenal that entails building several new 
types of nuclear warheads for deployment on land- and subma-
rine-based ballistic missiles.

The Obama administration has several goals for its 3+2 plan: 
(1) reducing by up to 50 percent the size of the “hedge” force of 
nuclear weapons that are kept in reserve in addition to the 
weapons deployed; (2) reducing the cost of maintaining the stock-
pile of nuclear warheads; and (3) improving the safety of the 
warheads. 

We find that the United States can—and should—reduce its 
strategic hedge by a factor of two even without pursuing the 3+2 
plan. For a New START-sized arsenal, the 3+2 plan would allow a 
further reduction of 20 percent, but only after several decades. 
The 3+2 plan would offer some safety benefits by reducing the 
risk of accidental plutonium dispersal for some weapons. 
However, there is no reason to believe that 3+2 would be less 
expensive than refurbishing existing weapons; indeed, it may 
actually be a more expensive approach.

Moreover, pursuing the 3+2 plan would entail technical risks 
and political costs. The new warheads would use nuclear compo-
nents that had never been tested together, and deploying such a 
warhead without nuclear explosive testing could increase uncer-
tainty about the reliability of the warhead.

Concern about warhead reliability may lead some political 
and military leaders to argue that the United States needs to 
resume nuclear testing to demonstrate that the weapons would 
work as intended. If the United States did resume testing, it could 
encourage a resumption of testing by other nuclear-armed 
nations, ending an international moratorium that benefits U.S. 
security. But even absent a resumption of nuclear testing, building 
new warhead types could send the wrong message to the rest of 
the world.

On balance, we assess that the costs of the 3+2 plan outweigh 
the benefits. Instead of pursuing the 3+2 plan and building new 
warheads, the United States should refurbish or retire existing 
weapons.
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