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B61-12 NUCLEAR BOMB

Cost Estimate for Life Extension Incorporated Best
Practices,and Steps Being Takento Manage
Remaining Program Risks

What GAO Found

The National Nuclear Security Administration (NNSA) incorporated most cost
estimating best practices to develop the program cost estimate for the B61-12
Life Extension Program (LEP), which seeks to consolidate four versions of a
nuclear weapon—the B61 bomb—into a bomb called the B61-12. As shown in
the figure below, the program substantially met best practices for ensuring the
estimate was comprehensive, well-documented, accurate, and credible.

Results of GAO’s Assessment of the B61-12 Life Extension Program Cost Estimate Compared
with BestPractices

Characteristics of a high-quality,
reliable cost estimate

GAO assessment of the
B61-12 program cost estimate

Not  Minimally  Partially Substantially
met met met met

®
®
®
®

Source: GAO analysis of NNSA information, based on GAQ's Cost Estimating and Assessment Guide (GAO-09-3SP). | GAO-18-456
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The B61-12 LEP’s program cost estimate differs from an estimate prepared by
another NNSA office independent of the program primarily because the program
used different methods and assumptions than the independent office. The
program deweloped its estimate by compiling cost and schedule estimates for
activities at each of the NNSA contractor sites participating in the LEP. In
contrast, the independent office evaluated program activities completed to date
and applied a historical model to estimate costs and durations for remaining
activities. NNSA management met with officials from both offices to reconcile the
estimates but did not document the rationale for adopting the program estimate
unchanged. GAO recommended in a January 2018 report that NNSA document
and justify such decisions, in part because GAO'’s prior work has shown that
independent cost estimates historically are higher than programs’ cost estimates
because the team conducting the independent estimate is more objective and
less prone to accept optimistic assumptions. In response to the January 2018
report, NNSA agreed to establish a protocol to document management decisions
on significant variances between program and independent cost estimates, but it
has not yet provided evidence that it has done so.

NNSA and the Department of Defense (DOD) have identified and are managing
risks that could complicate efforts to meet the LEP’s fiscal year 2025 completion
date. Risks within the program’s areas of responsibility include an aggressive
flight test schedule for bomb delivery aircraft. The program is managing these
and other risks with a formal risk management process. The program has also
taken steps to address risks outside its direct control, such as risks related to the
readiness and certification of the weapon’s F-35 delivery aircraft, by providing
information to the responsible DOD organizations.
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The Department of Defense (DOD) has underscored the significant
contribution of B61 nuclear bombs—the oldest nuclear weapons in the
United States’ active stockpile—to assuring U.S. allies in the North
Atlantic Treaty Organization (NATO) and elsewhere of the U.S.
commitment to global security and nuclear nonproliferation.” Critical
components of these bombs are approaching the end of their operational
lives. To maintain the safety, security, and effectiveness of B61 bombs,
the Department of Energy’s National Nuclear Security Administration
(NNSA) and DOD are undertaking a life extension program (LEP) that will
result in a bomb known as the B61-12.2 The B61-12 LEP—one of four
ongoing LEPs—is the most complex and expensive LEP undertaken
since the Department of Energy began stockpile life extension activities in
January 1996.

Our past reports on the B61-12 LEP present a mixed record of
improvements and continuing challenges in program management.? Most
recently, in February 2016, we reported positive steps, including that the

Al nuclearweapons in the U.S. stockpile are designated eitheras awarhead oras a
bomb.Weapons thathave certain engineering requirements because theymustinterface
with a launch or delivery system are called warheads. Weapons thatdo not have these
interface requirements, such as gravity bombs and atomic demolition munitions (now
retired and dismantled), are called bombs. The B61s committed to NATO are maintained
in an operational configuration and can be delivered by both U.S. fighter aircraft and
aircraft of predesignated, trained, and certified NATO allies.

°NNSAis a separatelyorganized agency established within the Departmentof Energy in
1999.NNSA is responsible for the nation’s nuclear weapons, nonproliferation, and naval
reactor programs.

3GAO, Nuclear Weapons: NNSA Has a New Approach to Managing the B61-12 Life
Extension, buta Constrained Schedule and Other Risks Remain, GAO-16-218
(Washington,D.C.: Feb. 4,2016), and Nuclear Weapons: DOD and NNSA Need to Better
Manage Scope of Future Refurbishments and Risks to Maintaining U.S. Commitments to
NATO, GAO-11-387 (Washington,D.C.: May 2, 2011).
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program had become the first LEP to develop and use an earned value
management system to monitor cost and schedule performance and that
it had developed a database to help monitor and manage program risks,
such as risks related to component design and procurement of parts.*
Moreover, we found that the B61-12 LEP is the first NNSA defense
program to issue a cost estimate that integrates all participating NNSA
sites’ costs into a single program cost estimate. In past LEPs, according
to an NNSA official, NNSA had not integrated its individual site
contractors’ cost estimates, which contributed to program costs being
underestimated.® These improvements notwithstanding, we also reported
in February 2016 that the estimated cost and schedule of the B61-12 LEP
had changed significantly since the LEP’s inception. Specifically, we
found that the cost estimate for the program had increased from an initial
rough estimate of about $4 billion at the time of our May 2011 report on
the LEP to about $8.9 billion at the time of our February 2016 report; the
latter estimate included about $7.3 billion for NNSA’s portion of the work
and $1.6 billion for DOD’s portion, which is separately funded.® In October
2016, NNSA formalized its cost estimate in a classified baseline cost
report for the LEP at a higher figure of about $7.6 billion. The baseline
cost report also established an estimated program completion date of
fiscal year 2025. Concurrently with the development of the baseline cost

4GAO-16-218. Earned value managementis a projectmanagementtool developed by
DOD in the 1960s to help managers monitor projectrisks. Earned value management
systems measure the value of work accomplished in a given period and compare the
measured value with the planned value of work scheduled forthat period and the actual
costof workaccomplished. The purpose of earned value managementis to integrate a
project’s cost, schedule, and technical efforts for managementand provide reliable data to
decision makers.

S5NNSA carries outits work at government-owned, contractor-operated facilities. NNSA
relies on managementand operating contractors atproduction sites and laboratories
(which we refer to collectively as “sites” in this report) to carry out LEPs and other
activities related to nuclear weapons. According to the Federal Acquisition Regulation,
managementand operating contracts are agreements under which the government
contracts for the operation, maintenance, or support, on its behalf, of a government-owned
or government-controlled research, development, special production, or testing
establishment, whollyor principallydevoted to one or more major programs ofthe
contracting federal agency.

6GAO-11-387 and GAO-16-218. In February 2016, we reported that the program manager
and Air Force officials told us in October 2015 that the original LEP costand schedule
estimates ($4 billion and 2017 first production date) were rough order of magnitude
estimates based on a smaller-scale effort, then under consideration as a design option,
rather than the LEP currently being undertaken. In May 2011, we reported on these
original estimates and noted that NNSA and DOD were still studying design options for the
B61 LEP and had not yet selected the B61-12 design.
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report, NNSA’'s Office of Cost Estimating and Program Evaluation
completed an independent cost estimate for the program.” The
independent cost estimate projected a higher cost of about $10 billion and
a later completion date of fiscal year 2027 for NNSA's work on the B61-12
LEP.

Senate Report 113-44, accompanying S. 1197, a bill for the National
Defense Authorization Act for Fiscal Year 2014, included a provision for
us to examine key elements of the B61-12 LEP and periodically review
the program as it passes through the phases of the process under which
NNSA and DOD jointly manage LEPs. This report examines (1) the extent
to which NNSA followed best practices for cost estimation in producing
the program cost estimate for the B61-12 LEP; (2) the reasons for the
differences between the program cost estimate for the LEP and the
independent cost estimate and how the differences were reconciled, if at
all; and (3) the extent to which NNSA and DOD have identified and
managed risks to the program.

To examine the extent to which NNSA followed best practices for cost
estimation in producing the program cost estimate for the B61-12 LEP,
we reviewed documentation and data on the program cost estimate and
interviewed program officials responsible for producing the cost estimate
to understand the methods, assumptions, information, and data NNSA
used to produce the estimate. Specifically, we reviewed NNSA’'s October
2016 baseline cost report, which is the report through which NNSA
formally established its cost estimate for the B61-12 LEP. We also
reviewed documentation that NNSA site contractors participating in the
LEP provided to the B61-12 program office to assistit in compiling the
baseline costreport. This documentation included documents that
established the bases and assumptions for site contractors’ contributions
to the cost estimate, documents that established the contractors’ work
breakdown structures, and presentations on contractors’ cost estimating
models.8 In addition, we visited and interviewed federal officials and

"The Office of CostEstimating and Program Evaluation advises the NNSAadministrator
on policies and procedures for costanalysis and estimation and conducts independent
costestimates for LEPs,among other activities. The directorate for the office was
established underthe National Defense Authorization Act for Fiscal Year 2014. Pub. L.
No. 113-66,§ 3112, 127 Stat. 672, 1050 (2013) (codified as amended at50 U.S.C. §
2411(a)(2018)).

8Work breakdown structures are hierarchical structures thatsubdivide the work necessary
to accomplish a program’s objectives into smaller elements.
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contractors at the Pantex Plant in Amarillo, Texas; the Kansas City
National Security Campus in Kansas City, Missouri; and the B61-12
program office in Albuquerque, New Mexico, where we also interviewed
contractors from Sandia and Los Alamos National Laboratories. We
selected these sites because they are responsible for a range of design
and production activities being undertaken in the program. During these
site visits, we interviewed officials and contractors to discuss their cost
estimating methods, and we viewed classified and unclassified systems
and documents used in compiling the baseline cost report.® GAO cost
estimation specialists then assessed this information against the best
practices for cost estimating found in GAO’s cost estimating guide, which
GAO developed to establish a consistent methodology that can be used
across the federal government to develop, manage, and evaluate capital
program cost estimates.'® We describe these best practices in further
detail in the body of this report.

To examine the reasons for the differences between the B61-12 program
cost estimate for the LEP and the independent cost estimate and how the
differences were reconciled, if at all, we reviewed information on the
program cost estimate, as discussed above. We also reviewed
information on the independent cost estimate and interviewed officials
from NNSA’'s Office of Cost Estimating and Program Evaluation who were
responsible for producing the independent cost estimate, to understand
the methods and assumptions they used. In addition, we interviewed
officials from both the program office for the B61-12 LEP and the Office of
Cost Estimating and Program Evaluation to discuss how NNSA evaluated
and used information from the independent cost estimate and any steps
they took to reconcile the two estimates.

To examine the extent to which NNSA and DOD have identified and
managed risks to the program, we reviewed documents that establish
procedures these agencies use to manage program risks, including
NNSA'’s Risk and Opportunity Management Plan. During the interviews
and site visits described above, we discussed with officials program risks
and the steps NNSA and DOD are taking to manage them, viewed
information in the program’s classified Active Risk Manager database,

%We also reviewed documents establishing some DOD program costs, such as the
Selected Acquisition Reportfor the weapon’s tail kitguidance assembly, but we did not
formallyassess DOD’s costestimate.

OGAO, GAO Cost Estimating and Assessment Guide: Best Practices for Developing and
Managing Capital Program Costs, GAO-09-3SP (Washington, D.C.: March 2009).
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and viewed weapon components and facilities to better understand the
items and functions described in the documentation under review. In
addition, we visited the Air Force Nuclear Weapons Center in
Albuquerque to discuss program risks and risk management steps and to
discuss and view information in the Active Risk Manager database.' We
also interviewed officials from DOD’s Office of Nuclear Matters and the
NNSA Program Execution Officer for LEPs about their views on the
management of the LEP and any risks involved with the program.

We conducted this performance audit from February 2017 to May 2018 in
accordance with generally accepted government auditing standards.
Those standards require that we plan and perform the audit to obtain
sufficient, appropriate evidence to provide a reasonable basis for our
findings and conclusions based on our audit objectives. We believe that
the evidence obtained provides a reasonable basis for our findings and
conclusions based on our audit objectives.

Background

This section describes (1) the purpose of LEPs and the process that
NNSA and DOD use to manage them, known as the phase 6.X process;
(2) the management of the ongoing LEP for the W76 warhead—an
important historical reference for the B61-12 LEP—and the status of the
two other ongoing LEPs; (3) future nuclear modernization plans and our
past conclusions and recommendations on the affordability of these
plans; and (4) the objectives of the B61-12 LEP and the roles and
responsibilities of NNSA and the Air Force in conducting the program.

LEPs’Purpose and the
Phase 6.X Process for
Managing Them

NNSA and DOD undertake LEPs to refurbish or replace nuclear weapons’
components to extend their lives, enhance their safety and security
characteristics, and consolidate the stockpile into fewer weapon types to
minimize maintenance and testing costs while preserving needed military
capabilities.

NNSA and DOD jointly manage LEPs under a multi-step process known
as the phase 6.X process. The B61-12 LEP is currently in phase 6.4
(production engineering) of this process. Figure 1 illustrates the phase
6.X process.

"The Air Force is the armed service responsible for air-delivered weapons such as the
B61.
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Figure 1: The Phase 6.X Process, As Jointly Managed by DOD and NNSA
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Source: Nuclear Weapons Council. | GAO-18-456

Design
definition Development Production First
and cost engineering engineering production /
study
DOD and NNSA NNSA conducts NNSA conducts NNSA NNSA conducts
coordinate further tests and activities to refurbishes a full-scale
investigation experiments adapt the limited number production at
of a preferred to validate the design for of weapons for its facilities.
design option(s) design option(s)  production and analysis and
and the expected  in consultation prepare its production
refurbishment with DOD. production process
costs. facilities. qualification.

Note: Refurbishment life extension programs, w hich have been conducted since the 1990s, involve
the use of existing or new ly manufactured components that are based on the original designs specific
to that w eapon. Additionally, nuclear and non-nuclear components are produced as closely as
possible to the original designs for a specific warhead. Deviations fromoriginal designs are often a
result of “sunset” technologies (where there are no longer technologies in existence to produce items)
or manufacturing processes that cannot be replicated because of environmental or health hazards.

The phase 6.X process and the roles and functions of DOD, DOE, and
NNSA in nuclear weapon refurbishment activities are described in a
guidance document known as the Procedural Guideline for the Phase 6.X
Process." The document also calls for NNSA to formally update its
program cost estimate and reissue it as the baseline cost report prior to
entering phase 6.4. In January 2017, NNSA issued a supplemental
directive that also directs the Office of Cost Estimating and Program
Evaluation to prepare an independent cost estimate for each nuclear

2N uclear Weapons Council, Procedural Guideline forthe Phase 6.X Process
(Washington,D.C.: December2015).
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weapon system undergoing life extension before an LEP enters phase
6.4.3

The Procedural Guideline for the Phase 6.X Process also describes the
roles and functions of two joint bodies that provide oversight and approval
functions to LEPs and other nuclear weapons-related activities: the
Nuclear Weapons Council and its Standing and Safety Committee.' The
Nuclear Weapons Council is the joint DOD and DOE activity that serves
as the focal point for interagency activities to maintain the nuclear
weapons stockpile. Its membership includes the Under Secretary of
Defense for Acquisition, Technology and Logistics (generally the Chair);
the Under Secretary of Defense for Policy; the Vice Chairman of the Joint
Chiefs of Staff; the Commander of U.S. Strategic Command; and the
Department of Energy’s Under Secretary for Nuclear Security, who also
serves as the Administrator of the National Nuclear Security
Administration. In addition, the Nuclear Weapons Council charters a
Project Officers Group for each weapon system to provide a technical
forum for weapon development and management activities. Each Project
Officers Group is led by a project officer from either the Navy or Air Force,
the two military services that maintain and operate nuclear weapons.

Management of the W76-1
LEP and Other Ongoing
LEPs

According to B61-12 program officials, the W76-1 LEP—which NNSA
expects to complete in fiscal year 2019—has served as an important
historical reference as NNSA prepared its plans and cost estimates for
the B61-12 LEP. In August 2017, NNSA issued a study documenting
lessons learned from difficulties it encountered in managing the W76-1
LEP.' According to the study, prior to the W76-1 LEP, NNSA had not
undertaken full-scale weapon system design activities since the 1982

3National Nuclear Security Administration, Phase 6.X Process, NNSA Supplemental
Directive 452.3-2 (Washington,D.C.: Jan. 19, 2017).

410 U.S.C.§ 179 (2018);42 U.S.C. 7132 (2018). For more information on the Nuclear
Weapons Council’s structure and activities, see, for example, GAO, Nuclear Weapons
Council: Enhancing Interagency Collaboration Could Help with Implementation of
Expanded Responsibilities, GAO-15-446 (Washington, D.C.: May 21, 2015).

SNational Nuclear Security Administration, Defense Programs W76-1 Life Extension
Program Lessons Learned Study (Washington, D.C.: August3, 2017) (Official Use Only).
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design of the W88 warhead.'® Among other findings, the lessons learned
study stressed the importance of using modern tools to validate and
manage an LEP’s system and technical requirements to maintain cost,
schedule, and performance during all phases of the program. This finding
is consistent with our March 2009 findings that NNSA and DOD
established an unrealistic schedule for the W76-1 LEP, did not establish a
consistent cost baseline, and did not effectively manage technical risks in
the program.'” These problems resulted in delays, additional
expenditures, and difficulties tracking the cost of the program. Notably,
the program had to delay first production of the W76-1 from September
2007 to September 2008 when it encountered problems with the final test
batch of a key material, known as Fogbank. We recommended that
NNSA develop realistic schedules for the W76-1 and future LEPs that
build in additional time for unexpected technical challenges that may
delay the programs. NNSA agreed with our recommendation and has
taken steps toward improvement in this area, which we continue to
monitor.

In addition to the B61-12 and W76-1 LEPs, NNSA and DOD are
managing two other LEPs: the W88 Alteration 370 program and the W80-
4 LEP."® Table 1 provides basic information on all four ongoing LEPs.

8Since the LEP process beganin 1996, NNSA has undertaken other nuclear
modernization efforts, including one thatB61-12 program officials characterized as
involving significantdesign activities; this effort involved an alteration of the W87 warhead
and was completed in 2005.

7Our March 2009 report also reviewed refurbishments ofthe two strategic variants of the
legacy B61 weapon, the B61-7 and the B61-11. GAO, Nuclear Weapons: NNSA and DOD
Need to More Effectively Manage the Stockpile Life Extension Program, GAO-09-385
(Washington, D.C.: Mar. 2, 2009).

80ne of these programs, the W88 Alteration 370 program, is technicallyan alteration, not
an LEP. An alteration is usuallya replacementofan older componentwith a newer
componentthatdoes notimpactmilitary operations, logistics, ormaintenance. The phase
6.X process is used to manage all nuclear weapons life extension programs, including
major weapon alterations and modifications to stockpile weapons.
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_________________________________________________________________________________________________________________________|
Table 1: Ongoing National Nuclear Security Administration (NNSA) and Department of Defense Life Extension Programs (LEP)

Program Current phase

Description

W76-1 LEP 6.6

The W76 warhead was firstintroduced into the stockpile in 1978 and is deployed with the
Trident Il D5 missile on the Ohio-class nuclear ballistic missile submarines. W76
warheads comprise alarge share ofthe U.S. nuclear stockpile. The W76-1 LEP is
intended to extend the original warhead service life,among other things. The first
production unitwas completed in September 2008, and NNSA expects to deliverthe last
production unitin fiscal year 2019. In its Fiscal Year 2018 Stockpile Stewardship and
Management Plan, NNSA estimated thatit would incura total costof about$3.6 billion in
the program.?

B61-12LEP 6.4

The B61 bomb is the oldestnuclearweapon in the stockpile. It was firstfielded in 1968,
with currentmodifications fielded between 1979 and 1991.° The B61-12 LEP will
consolidate and replace the B61-3,-4, -7, and -10 modifications ofthe bombs.NNSA
estimates thatitwillincur a total costof about$7.6 billion forthe program.

W88 Alteration 6.4
370°program

The W88 Alteration 370 program will replace the arming, fuzing, and firing subsystem for
the W88 warhead, which is deployed on the Nawy's Trident Il D5 submarine-launched
ballistic missile system.In November 2014, the Nuclear Weapons Council decided to
replace the conventional high-explosive main charge, which led to an increase in costs for
the alteration. As of April 2017, the program is estimated to cost NNSA about $2.6 billion
andis scheduled to complete its first production unitin December 2020, according to
NNSA officials.

W80-4 LEP 6.2A

The W80-4 LEP is intended to provide a warhead for a future long-range standoff missile
that will replace the Air Force’s current air-launched cruise missile. As of November2017,
when the Fiscal Year 2018 Stockpile Stewardship and Management Plan was published,
the W80-4 LEP was notfar along enoughinthe 6.X process to have established a
performance baseline for scope, cost,and schedule.In NNSA's Fiscal Year 2018
Stockpile Stewardship and Management Plan,the agency estimated thatthe W80-4 LEP
would costNNSA between about$8.0 billion and $11.6 billion and that NNSA would
complete the first production unitby fiscal year 2025.

Source: GAO analysis of NNSA documents and information reported by NNSA officials. | GAO-18-456

#The Stockpile Stewardship and Management Plan is NNSA’s formal means of communicating to
Congress information on modernization and operations plans and budget estimates over the follow ing
25 years.

®Throughout the history of nuclear w eapons development, the United States has developed families
of warheads based on a single-w arhead design. Thus, some w eapons in the U.S. stockpile w ere
developed as modifications to an already complete design. For example, the B61 bomb has had 12
variations over time, each designated as a different modification.

“The W88 Alteration 370 programis technically an alteration, not an LEP. An alteration is usually a
replacement of an older component w ith a new er component that does notimpact military operations,
logistics, or maintenance.

Future Nuclear
Modernization Plans and
Their Affordability

In addition to the four ongoing LEPs, NNSA and DOD have outlined plans
for several future nuclear weapon modernization programs:

o Under NNSA’s current program of record, which does not yet reflect
new requirements that will be generated based on the 2018 Nuclear
Posture Review, NNSA has plans for life extension efforts to transition
the nuclear stockpile to three interoperable ballistic missile warheads
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and two air-delivered weapons.'® NNSA has described this plan as
the 3+2 strategy.?® To undertake this strategy, NNSA has proposed
initiating a series of interoperable warhead programs between about
2020 and 2060. NNSA’s plans for the first ballistic missile warhead in
the 3+2 strategy—the Interoperable Warhead 1—indicate that, if
authorized by Congress, the warhead would cost an estimated $12.4
billion from 2020 to 2041. As we reported in August 2015, NNSA
paused the Interoperable Warhead 1 program in fiscal year 2014 to
provide more time to study the concept of interoperability and to
reduce uncertainty about the agency’s ability to achieve necessary
plutonium and uranium capabilities to support the LEP.2" Under its
current program of record, NNSA plans to resume the Interoperable
Warhead 1 program in fiscal year 2019.

o Under its current program of record, NNSA has also begun
preliminary planning for Interoperable Warhead 2, Interoperable
Warhead 3, and B61-12 follow-on programs that, if authorized, would
start in the 2020s and 2030s.

o In the 2018 Nuclear Posture Review, DOD stated a near-term
intention to modify a small number of existing submarine-launched
ballistic missile warheads to provide a low-yield option, and a long-
term intention to pursue a modern nuclear-armed sea-launched cruise
missile. The NNSA Administrator stated in March 2018 that NNSA
would continue to work with DOD to determine the resources, time,
and funding required to address these and other policies specified in
the Nuclear Posture Review.

As we concluded in an April 2017 report, these plans come during a
particularly challenging decade for NNSA’s nuclear modernization efforts,
as the agency plans to simultaneously execute at least four LEPs along
with major construction projects, such as efforts to modernize NNSA's
uranium and plutonium capabilities.??> We further concluded that NNSA’s

SDepartmentof Defense, Nuclear Posture Review, February 2018. The Nuclear Posture
Review assesses the global threatenvironmentand establishes policyon U.S. nuclear
forces.

20An interoperable (i.e.,common)warhead is a warhead thatcan be used on multiple
delivery systems.

21GAQ, Modernizing the Nuclear Security Enterprise: NNSA Increased Its Budget
Estimates, but Estimates for Key Stockpile and Infrastructure Programs Need
Improvement, GAO-15-499 (Washington, D.C.: Aug. 6, 2015).

22GAO, National Nuclear Security Administration: Action Needed to Address Affordability
of Nuclear Modernization Programs, GAO-17-341 (Washington, D.C.: Apr. 26, 2017).
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modernization budget estimates for fiscal years 2022 through 2026 may
exceed the funding levels programmed for modernization in future
budgets, raising affordability concerns. Moreover, we concluded that
NNSA had not addressed a projected “bow wave” of future funding
needs—that is, an impending and significant increase in requirements for
additional funds—or the mismatch between potential funding needs and
potential funding available. We recommended that NNSA include an
assessment of the affordability of NNSA’s portfolio of modernization
programs in future versions of the Stockpile Stewardship and
Management Plan—for example, by presenting options NNSA could
consider to bring its estimates of modernization funding needs into
alignment with potential future budgets. NNSA did not explicitly agree or
disagree with our recommendation, but we will continue to monitor any
actions NNSA takes in response to the recommendation.

Objectives of the B61-12
LEP and the Roles and
Responsibilities of NNSA
and the Air Force

The B61-12 LEP has several objectives: consolidating the nuclear bomb
stockpile, improving the accuracy of the resulting weapon through a new
guidance assembly, and addressing other age-related issues.

« Consolidating the stockpile. Under the B61-12 LEP, NNSA and the
Air Force plan to consolidate and replace four of the five variants of
the B61 that were in the active stockpile at the time the B61 LEP
began.??

« Improving accuracy. The B61-12 is to be equipped with a new tail kit
guidance assembly that enables it to be delivered with greater
accuracy than the B61 bombs it replaces, which are equipped with
parachutes. More specifically, according to Air Force officials and
documents, the assembly will provide the B61-12 with a guided
freefall capability while retaining a ballistic (unguided) delivery
capability. The greater accuracy of the B61-12 is to enable the B61-12
to meet all the military requirements for which past versions of the
B61 were designed.

« Addressing other age-related issues. The B61-12 LEP is to extend
the service life of the B61 by at least 20 years, make field
maintenance of the weapon easier for Air Force technicians, and
provide modern security features.

23Spec:iﬁcally, the B61-12 LEP is intended to consolidate and replace the B61-3,B61-4,
B61-7 and B61-10 bombs. The otherB61 bomb variant, the B61-11,is not a part of the
B61-12 LEP.

Page 11 GAO-18-456 B61-12 Nuclear Bomb



NNSA manages its B61-12 LEP activities through a federal program
office on Kirtland Air Force Base in Albuguerque, New Mexico, under the
direction of the federal program manager. It manages the work of six
government-owned, contractor-operated NNSA laboratories and sites that
serve as design and production agencies for the LEP.?* Sandia National
Laboratories, also located on Kirtland Air Force Base, serves as the
systems-level integrator for the overall weapon design. Figure 2 shows
the six sites participating in the B61-12 LEP and their respective roles.

24p seventh site, Lawrence Livermore National Laboratoryin Livermore, California,
provides independentreview of Los Alamos National Laboratory's work on nuclear
components.
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_____________________________________________________________________________________________________________________|
Figure 2: National Nuclear Security Administration (NNSA) Sites and Laboratories Participating in the B61-12 Life Extension
Program (LEP)

Los Alamos National Laboratory Kansas City National Security Y-12 National Security Complex
(Los Alamos, NM): Campus (Kansas City, MO): (Oak Ridge, TN):
® Design agency for the nuclear ® Production agency for 39 major e Production agency for the
explosive package.® non-nuclear component assemblies, secondary.?
® Production agency for detonators and including components related to
‘ classified components. safety and security.

VoS

Sandia National Laboratories
(Albuquerque, NM):

® System-level integrator of Il
Wg;g:] g\é:igl::.egra orotovera Pantex Plant (Amarillo, TX):

® Design agency for nonnuclear ® Production agency for high
components. explosives. - : :

® Production agency for some ® Responsible for requalifying reused Savannah River Site (Aiken, SC):
components, including custom B61 pits.® e Responsible for testing, evaluating,
electronics such as neutron ® Responsible for final assembly of the and replenishing the gas transfer
generators. complete B61-12 bomb, system.

I:I Laboratory - Production site - Tritium operation

Sources: National Nuclear Security Administration; Map Resources (map). | GAO-18-456

@All w eaponsin the U.S. nuclear stockpile are tw o-stage nuclear weapons, sometimes referred to as
thermonuclear w eapons. The first stage, known as the primary, is a fission device that is the initial
source of nuclear energy. The second stage, or secondary, is a nuclear stage physically separate
fromthe primary. The primary and the secondary are referred to as the w eapon’s nuclear explosive
package.

PA neutron generator produces neutrons to facilitate the detonation of a nuclear w eapon’s primary
stage.

°A gas transfer systeminjects gases into a nuclear w eapon’s central core, or pit, to boost the nuclear
reaction during detonation.
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The Air Force’s responsibilities, in addition to managing the acquisition of
the tail kit guidance assembly, include integrating the B61-12 with its
delivery aircraft and the operational flight program software of these
aircraft. The Air Force Nuclear Weapons Center, also at Kirtland Air Force
Base and under the direction of the Air Force lead project officer,
manages technical integration and other LEP-related tasks required to
qualify, certify, and field the weapon.

The delivery aircraft that carry the B61-12 are being designed to deliver
the weapon in two different modes with two different systems, the second
of which provides the enhanced capabilities offered by the new tail kit
guidance assembly. System 1 aircraft will have an analog interface with
the B61-12 that is designed to deliver the weapon in a ballistic mode, with
the tail kit in a fixed position. System 2 aircraft will have a digital interface
with the B61-12, enabling the guided delivery capability afforded by the
tail kit assembly. Figure 3 illustrates the delivery aircraft for the B61-12.

____________________________________________________________________________________________________________________|
Figure 3: Delivery Aircraft for the B61-12 Nuclear Bomb and Their Designations As System 1 (Ballistic Delivery) or System 2

(Guided Delivery) Aircraft

System 1 System 2

PA-200
Source: Air Force. | GAO-18-456

F-35
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; NNSA substantially incorporated most of the cost estimating best
NNSA Substa ntla"y practices identified by our past work when it developed the $7.6 billion

Incorporated Best program cost estimate for the B61-12 LEP. Our cost estimating guide

: : identifies best practices for developing a high-quality, reliable cost
Practlce_s In estimate and identifies four characteristics of such an estimate: it is
Developlng the B61- comprehensive, well-documented, accurate, and credible.? These four

characteristics and some of the best practices that underlie them are
illustrated in figure 4.

12 Program Cost
Estimate

25GA0-09-3SP.
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Figure 4: Four Characteristics of a High-Quality, Reliable Cost Estimate

Comprehensive

The cost estimate should:
Include both government and contractor costs of the program
over its full life cycle.
Completely define the program, reflect the current schedule,
and be technically reasonable.
Be structured in sufficient detail to ensure that costs are

neither omitted nor double-counted.

Be based on a product-oriented work breakdown structure
that allows a program to track cost and schedule by defined
deliverables.

Document all cost-influencing ground rules and assumptions.

Well-documented Credible

The documentation should: « The cost estimates should discuss any limitations of

« Capture the source data used, the calculations performed and analysis because of uncertainty or biases surrounding data
thei;‘ resmrxll(tsb, ang dthe esttim:tting rr:ethod:)logy s;Jsed to derive &r gssumption?. hould b 4 and ofh .
each work breakdown structure element’s cost. * Major assumptions should be varied, and other outcomes

« Be captured in such a way that the data used to derive the : recomputed to determine how sensitive they are to
estimate can be traced back to and verified against their Reliable cost changes in the assumptions (i.e., sensitivity analysis)
sources so that the estimate can be easily reglicated and < estimate >- A riskgand uncertainty gnalysis. should be performyed to
updated. determine the level of risk associated with the estimate.

« Discuss the technical baseline description and how the data * The estimate’s results should be cross-checked, and an
were normalized. independent cost estimate should be developed to

The final cost estimate should be reviewed and accepted by determine whether other estimating methods produce

management on the basis of confidence in the estimating similar results.

process and the estimate produced by the process.

Source: GAO'’s Cost Estimating and Assessment Guide (GAO-09-3SP). | GAO-18-456
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We assessed the B61-12 program cost estimate by comparing it with the
best practices identified in our cost estimating guide and found that it
substantially met the criteria for all four characteristics of a high-quality,
reliable cost estimate (see fig. 5).%

Figure 5: Characteristics of High-quality, Reliable Cost Estimates and GAO’s
Assessment of the B61-12 Life Extension Program’s Cost Estimate

Characteristics of a high-quality, GAO assessment of the
reliable cost estimate B61-12 program cost estimate
Not Minimally ~ Partially  Substantially Met
met met met met
Comprehensive @
Well-documented @

Accurate @
Credible @

Source: GAO analysis of NNSA information, based on GAO’s Cost Estimating and Assessment Guide (GAO-09-3SP). | GAO-18-456

A summary of our assessment is presented below, including reasons that
the program cost estimate substantially met the criteria under each of the
four characteristics as well as some examples of the best practices that
the cost estimate could have more fully incorporated. Appendix | provides
additional information on our assessment.

o Comprehensive: Substantially Met. The program established a
consistent and clearly defined work breakdown structure—a
hierarchical structure that subdivides the work necessary to
accomplish the program’s objectives into smaller elements—to ensure
that costs were not double-counted or omitted. The clearly defined
work breakdown structure also helped the B61-12 program office
manage the process of integrating each site contractor’s estimate for
the cost of its activities into the overall program estimate. To more

26For each of the four characteristics, we rated the estimate on a five-tiered scale,
determining thatit (1) met, (2) substantiallymet, (3) partiallymet, (4) minimallymet, or (5)
did not meetthe criteria for each characteristic. According to our scale, “met’ means that
the agency provided complete evidence that satisfies the criteria. “Substantiallymet’
means thatthe agency provided evidence that satisfies alarge portion ofthe criteria.
“Partially met” means thatthe agency provided evidence that satisfies abouthalfofthe
criteria. “Minimallymet” means thatthe agency provided evidence that satisfies asmall
portion of the criteria. “Not met” means thatthe agency provided no evidence that satisfies
any of the criteria.
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fully incorporate the criteria for a comprehensive cost estimate, the
program would have had to take additional steps, such as including
the full life-cycle costs associated with the B61-12 weapon in the
estimate.?” Specifically, the estimate would have had to include costs
such as program costs incurred prior to phase 6.3,28 the cost of NNSA
federal program office personnel, components that are being shared
by different nuclear weapon programs (such as the weapon’s radar),
and costs associated with maintenance of the B61-12 after the LEP
ends and the weapon enters the stockpile.?® In addition, the estimate
would have had to include an assessment of how the program would
be affected if key assumptions, such as the timing of the delivery of
the tail kit guidance assembly, did not hold true.*° Nevertheless, the
program incorporated practices that substantially met the criteria for a
comprehensive cost estimate, which we believe contributed to the
program’s estimate being reliable.

o Well-documented: Substantially met. In our visits to NNSA sites
and our associated review of site contractors’ documents, we found
that site contractors provided detailed documentation of their
contributions to the cost estimate to the B61-12 program office. At all

2T life-cycle cost estimate encompasses all past(or sunk), present, and future costs for
every aspectofthe program, regardless offunding source.

28Acc:ording to program officials, NNSA did not instructLEPs to include costs incurred
priorto phase 6.3 in their estimates atthe time the B61-12 LEP entered that phase, but
since then, NNSA has instructed LEPs to “capture” program costs starting atthe
beginning of phase 6.2.

2The baseline costreportdoes include a line for “other program money”’ of $648 million—
not counted in the $7.6 billion costestimate for NNSA's work on the LEP—which covers
activities in which several NNSA programs take part, such as research and development,
test and evaluation activities, and infrastructure elements. NNSA officials said that not all
costs were included in the estimate because NNSAdoes notrequire all life-cycle costs to
be included in program costestimates. The officials also said thatother costs associated
with the B61-12 bomb are accounted for elsewhere. Forexample, program officials stated
that the program estimate accounts for the integration of the tail kit guidance assembly
with the restof the bomb, but that the tail kit guidance assembly's design and production
costs were not included as partof the total NNSA costbecause these costs are the
responsibilityof the Air Force. They also said thatNNSA prepares separate budgetlines
for the costs of operations and supportactivities associated with the B61-12, such as
maintenance, federal program office support, and transportation ofthe weapons to DOD.

30Costestimates are typicallybased onlimited information and therefore need to be
bound by the constraints thatmake estimating possible. These constraints usuallytake
the form of assumptions thatbind the estimate’s scope, establishing baseline conditions
from which the estimate will be built. Because ofthe many unknowns, costanalysts must
create a series of statements thatdefine the conditions on which the estimate is to be
based. These statements are usuallymade in the form of ground rules and assumptions.
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of the sites we visited, experienced cost estimating teams captured
specific information on the data and data sources used to inform their
estimates. To more fully incorporate the criteria for a well-documented
cost estimate, the documentation that the site contractors provided to
the NNSA program office would have had to capture the reliability of
the underlying data and discuss how the data were normalized.?'
Nevertheless, the program incorporated practices that substantially
met the criteria for a well-documented cost estimate, which we believe
contributed to the program’s estimate being reliable.

o Accurate: Substantially met. Technical personnel at both the NNSA
sites and the Albuquerque federal program office discussed program
risks to ensure that the program estimate represented a most likely,
unbiased cost. Furthermore, all of the site-level cost estimates we
examined—which the federal program office integrates into the overall
program cost estimate—drew on historical data from primary sources,
including internal financial systems from either past B61 costs or
previous LEPs. Use of such sources is consistent with the best
practice of grounding the estimates in a historical record of cost
estimating and actual experiences on other comparable programs. In
addition, the federal program office routinely reviews contract
performance reports from each of the B61-12 sites to track variances
between estimated and actual costs on a monthly basis. To more fully
incorporate the criteria for an accurate cost estimate, the program
would have had to use site estimates that were calculated in base-
year dollars and then uniformly adjusted for inflation at the program
level, and clearly defined the method it used to determine inflation
indexes. Instead, all of the site contractors developed their cost
estimates in then-year dollars and applied varied inflation indexes. 32
Nevertheless, the program incorporated practices that substantially
met the criteria for an accurate cost estimate, which we believe
contributed to the program’s estimate being reliable.

31The purpose ofdata normalization is to make a given data set consistentwith and
comparable to other data used in the estimate. Since data can be gathered from a variety
of sources, they are often in many different forms and need to be adjusted before being
used for comparison analysis as a basis for projecting future costs. Costdata are adjusted
in a process called normalization, stripping outthe effect of certain external influences.
The objective of data normalization is to improve data consistency, so that comparisons
and projections are more valid and otherdata can be used to increase the numberofdata
points.

32Then-year dollars—in contrastto base-year dollars—are adjusted to accountfor the
impactofinflation.B61-12 program officials said thatthe inflation indexes used in the site-
specificestimates vary because NNSA approves site-specificindexes thatare more
appropriate forthe site’s localityand type of work.
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o Credible: Substantially met. The B61-12 LEP became the first LEP
to undergo a statutorily required independent cost estimate,
conducted by the Office of Cost Estimating and Program Evaluation.
Additionally, a different NNSA office developed a third cost estimate
for the program to aid in the preparation of NNSA’'s budget materials.
Each of these three estimates used a different methodology. NNSA
used this third estimate to cross-check overall program costs.
Moreover, to assess risk and uncertainty in the program, most of the
site estimates we reviewed included a detailed, quantifiable risk
assessment for their portion of the overall program estimate. To more
fully incorporate the criteria for a credible cost estimate, the program’s
sensitivity analysis would have had to more fully examine and
document costimpacts for the overall estimate and the individual site
estimates.® Instead, according to NNSA officials, it focused primarily
on schedule and critical path analysis.** Moreover, to more fully
incorporate the criteria for a credible cost estimate, the program would
have had to address risk correlation and the calculation of confidence
levels differently. In the program’s analysis of risks and uncertainties
in the program, we found the program inconsistently examined
correlation among program risks. Specifically, according to NNSA
officials, to arrive at the 70 percent confidence level for the overall
program cost estimate, the program office added site-level cost
estimates together at the 50 percent and 70 percent confidence
levels.® As noted in our cost guide, adding risk results for the
underlying estimates in this way results in an incorrect confidence
level for the overall estimate.*® Nevertheless, the program
incorporated practices that substantially met the criteria for a credible
cost estimate, which we believe contributed to the program’s estimate
being reliable.

We consider a cost estimate to be reliable if the overall assessment
ratings for each of the four characteristics are substantially or fully met—

33p sensitivity analysis is a costestimating step used to examine how changes to key
assumptions and inputs affectthe estimate.

34The critical path is the project’s sequence of critical activities—activities thatcannotbe
delayed without delaying the end date of the program.

35Confidence levels provide costestimators with arange of possible costs fora program,
based on specific probabilitylevels. Using confidence levels allows costestimators to
provide information aboutthe uncertainty underlying a pointestimate—the bestguess at
the program’s costestimate, given the underlying data.

36GA0-09-3SP.
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Varying Methods and
Assumptions about
Future Program
Performance Led to
Differences between
the Estimates, but
NNSADid Not
Document the
Rationale for
Adopting the
Program’s Estimate
Unchanged

as was the case with the B61-12 program cost estimate, which
substantially met these criteria. For that reason, we are not making
recommendations related to the program’s use of cost estimating best
practices. However, by fully incorporating all of the best practices for the
four characteristics, NNSA can better ensure that its future cost estimates
are of high quality and reliable.

The $7.6 billion program cost estimate for the B61-12 LEP differs from the
$10 billion independent cost estimate primarily because the program
office used different methods and assumptions than the Office of Cost
Estimating and Program Evaluation, which prepared the independent cost
estimate. The B61-12 program developed its estimate by compiling site-
specific cost and schedule estimates for activities at each of the NNSA
sites participating in the LEP; in contrast, the independent cost estimate
projected a cost and completion date by evaluating program activities
completed to date and applying a historical model to estimate costs and
durations for remaining activities. As noted in our cost guide, both of
these methods are commonly applied.®” To reconcile the differences
between the two estimates, high-ranking NNSA officials met with officials
from the B61-12 program office and the Office of Cost Estimating and
Program Evaluation to discuss the estimates in 2016. However, NNSA
did not document the rationale for its decision to use the program office’s
lower estimate unchanged or a plan for how it would take the independent
cost estimate into consideration. We previously recommended that NNSA
should establish a requirement for its management to document and
justify key decisions based on a reconciliation of LEP cost estimates with
the Office of Cost Estimating and Program Evaluation’s independent cost
estimates. NNSA agreed with this recommendation.3®

37TGAO-09-3SP.

38GAO, Nuclear Weapons: NNSA Should Adopt Additional Best Practices to Better
Manage Risk for Life Extension Programs, GAO-18-129 (Washington, D.C.: Jan. 30,
2018).

Page 21 GAO-18-456 B61-12 Nuclear Bomb


https://www.gao.gov/products/GAO-09-3SP
https://www.gao.gov/products/GAO-18-129

The B61-12 Program
Office and the Office That
Developedthe
Independent Cost
Estimate Used Different
Estimating Methods and
Assumptions

Cost estimating best practices specify that programs should develop a
point estimate—the best guess at the program’s cost estimate, given the
underlying data—by collecting, analyzing, and validating program data
and then using one of several commonly used methods for estimating the
program’s cost.*® Once a program has developed a point estimate, the
program should compare it to an independent cost estimate, which gives
an objective measure of whether the program’s point estimate is
reasonable.*’ In January 2017, NNSA issued two directives implementing
statutory requirements for the Office of Cost Estimating and Program
Evaluation to develop independent cost estimates for NNSA programs,
including LEPs.#!

The differences between the respective cost estimating methods, both of
which are valid, used by the B61-12 program office and the Office of Cost
Estimating and Program Evaluation are the primary reason for the
differences between the program estimate and the independent cost
estimate.*? According to B61-12 program officials, the program generally
developed its point estimate by using a “bottom-up” method formally
known as the “engineering build-up” cost estimating method. In using this
method, a program subdivides the work necessary to accomplish its
objectives into a work breakdown structure. The program then develops
estimates of costs at the lowest level of the work breakdown structure,
one piece at a time, and uses the sum of the pieces to form the overall

39GA0-09-3SP. High-qualitycostestimates usuallyfall within a range of possible costs,
the pointestimate being between the bestand worstcase extremes.

40GAO-09-3SP.

41See National Nuclear SecurityAdministration, Responsibilities for Independent Cost
Estimates, Policy Letter 28A (Washington,D.C.: Jan. 10, 2017); and Phase 6.X Process,
Supplemental Directive 452.3-2 (Washington,D.C.: Jan. 19, 2017). These directives
implementstatutoryrequirements ofthe National Defense Authorization Act for Fiscal
Year 2014.They describe key reviews to be performed by the Office of CostEstimating
and Program Evaluation, including: anindependentcostreview at the completion of phase
6.2; an independentcostestimate atthe completion of phase 6.2A, and a report submitted
to the NNSA Administrator priorto phase 6.3 authorization; the independentcostestimate
updated at the completion of phase 6.3 and a report submitted to the NNSA Administrator
priorto phase 6.4 authorization; and the independentcostestimate updated atthe
completion of phase 6.4, and the independentcostestimate report submitted to the NNSA
Administrator prior to phase 6.5 authorization.

420ur cost estimating guide offers observations on commonlyused costestimating
methods and theirrespective advantages and disadvantages. Both the B61-12 program
office and the Office of CostEstimating and Program Evaluation applied commonlyused
estimating methods. See GAO-09-3SP.
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estimate.*® To develop its cost estimate, the B61-12 program office
required all participating NNSA site contractors to prepare and submit
their own cost estimates for the work to be performed on the LEP and
provided instructions on what data to provide to the program office. For
example, these instructions specified that all sites must apply a bottom-up
estimating approach that includes detailed quantities and integrated
resource-loaded schedules for all work breakdown structure elements
under their management.* The program office then compiled the site-
provided information in a database to arrive at a total program cost. The
program office also aggregated schedule information from the sites,
which maintain detailed resource-loaded integrated site schedules, to
develop an NNSA Integrated Master Schedule. As we previously noted,
the program office estimated in October 2016, based on this process, that
NNSA’s portion of work on the B61-12 LEP would cost $7.6 billion and
that the LEP would be completed in fiscal year 2025, with a first
production unit date of March 2020.

In contrast, to develop the independent cost estimate, the Office of Cost
Estimating and Program Evaluation used an estimating method that
employed data on the B61-12 LEP’s actual performance, coupled with
historical information from the W76-1 LEP for stages of the phase 6.X
process that the B61-12 LEP had not yet reached. Specifically, the office
gathered data on 1,600 activities in the NNSA Integrated Master
Schedule for the LEP. The office tracked these 1,600 activities from
August 2014 through March 2016 by evaluating data from successive
versions of the NNSA Integrated Master Schedule, which the B61-12
program office updates monthly based on actual program performance to
date. In a memo summarizing the office’s independent cost estimate, the
office stated that the program’s task completion rate lagged the baseline

43Program officials noted that, in addition to the bottom-up method, it applied other
methods when appropriate. Forexample, it used the analogymethod to develop part of
the estimate fora componentknown as the weapon control unit. The analogymethod
uses the costof a similar program—in this case, the W76-1 LEP—to estimate the costof
the new program, adjusting for differences. The program also used the expertopinion
method for certain components. This method relies on subjectmatter experts to give their
opinion on whatan elementshould cost. Costestimating bestpractices note thatboth of
these methods are commonlyapplied; see GAO-09-3SP.

44Resource-loaded schedules provide information on the staff, facilities, and materials
needed to complete the required activities. Resource loading assists programs bydefining
scarce resources and noting theirlimits, so thatwhen they are associated with work
activities, the resources in scarce supplywill notbe overscheduled in any time period.
They also aid programs bydefining all resources and placing costs on them so thatthe
program costestimate can be developed within the scheduling package.
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plan. The office concluded that the LEP’s first production unit date would
occur 2 years after the March 2020 target date unless the program took
measures to reduce the LEP’s scope by removing tasks, delaying
activities until after the first production unit date, or relaxing requirements
to accommodate less mature components than originally planned. The
office also concluded, based on the program’s spending rate of
approximately $45 million per month, that pre-first production unit costs
would increase by about $1 billion over the program’s estimate. To
estimate the costand schedule of the program after the first production
unit date, the office used both B61-12 LEP actuals and historical
information from the W76-1 LEP, comparing W76-1 funding levels to B61-
12 spending levels. Onthe basis of its analysis, the office concluded that
full-scale production of the B61-12 would cost approximately $1 billion
more than the program office estimated. All told, the independent cost
estimate projected that the B61-12 LEP would cost approximately $10.0
billion and take about 2 years longer—with a projected completion date in
fiscal year 2027—nbarring changes to the program’s scope.*®

The B61-12 program office and the Office of Cost Estimating and
Program Evaluation also have differences of opinion regarding the
continued validity of the August 2014 schedule performance data and its
relevance to the independent cost estimate. According to B61-12 program
officials, the information in the NNSA Integrated Master Schedule
improved and changed after the Office of Cost Estimating and Program
Evaluation gathered initial schedule performance data in August 2014
and used this information as a starting point to evaluate the program’s
performance.*® These issues include the following:

« The officials described the data available to the Office of Cost
Estimating and Program Evaluation in August 2014 as tentative,
saying that the program can now use the NNSA Integrated Master
Schedule to track performance at a more detailed level.

« According to B61-12 program officials, the program made important
decisions that affected components on the program schedule’s critical

“5The projected increase ofabout$1 billion dollars before first production and about $1
billionin full-scale production are expressed in base-year 2012 dollars. The projected total
NNSA costof approximately$10.0 billion is expressed in then-year dollars, which, as
previouslynoted, are adjusted from base-year dollars to accountfor inflation.

46Integrated master schedules are time-phased schedules used for assessing a program’s
technical performance.
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path at the time the August 2014 schedule performance data were
gathered. Subsequent to establishing the baseline, for example, the
program office restructured the path to first production unit for high-
explosives components, correcting errors that had been captured in
the August 2014 data and changing to a more streamlined approach
to qualify high-explosives components from legacy material. This
decision affected the program’s critical path to first production unit,
moving the completion date earlier.

o The program undertook schedule recovery efforts that eased
schedule constraints affecting other program elements that were on
the critical path at the time of the August 2014 data.

As a result of these factors, B61-12 program officials said that the entire
baseline schedule that the Office of Cost Estimating and Program
Evaluation analyzed appeared more problematic than the updated
schedule and that the entirety of the independent cost estimate was
thrown off by the obsolete August 2014 data.

Officials from the Office of Cost Estimating and Program Evaluation told
us they disagree with the B61-12 program office’s assessment of the
independent cost estimate schedule analysis. These officials said that
they understand that the schedule baseline is continuously changing but
that the independent cost estimate schedule analysis is not dependent on
a particular baseline. Rather, they said that the analysis is based on
actual schedule performance for the 1,600 activities that represent the
scope required to achieve the design maturity and that the program office
specified in August 2014 as needed to reach the first production unit
(phase 6.5) milestone.

Officials from the Office of Cost Estimating and Program Evaluation said
that although they will not formally assess the B61-12 LEP’s schedule
again until the end of phase 6.4 of the program, their informal analysis of
NNSA Integrated Master Schedule data as of February 2017 still showed
the same rate of activity completion that underpinned the office’s
independent cost estimate. At some point, according to these officials, the
program will have to double or even ftriple its rate of activity completion to
finish the LEP on schedule, which will increase cost. In contrast, B61-12
program officials stated that, given the improved quality of the program’s
integrated master schedule data, they expect that the independent cost
estimate that the Office of Cost Estimating and Program Evaluation
prepares at the end of phase 6.4 of the LEP will be closer to the
program’s estimate than to the October 2016 independent cost estimate.
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Program officials also said that the program’s performance to date
supports their position that the program cost estimate is accurate.*’

The positions of the two offices also differ regarding the B61-12
program’s ability to accelerate work in the production stages of the LEP to
ensure that the LEP meets its completion date. B61-12 program officials
stated that they have options other than to complete tasks sequentially
and at a steady rate, sothey do not expect the “straight-line” level of
productivity assumed in the independent cost estimate analysis to occur.
For example, some parts do not have to be built in a particular sequence.
Instead, program officials said, the production agencies can build different
lots of components when they are ready, so technologies that are ready
earlier than others can be moved to production in the war reserve lot
while other components remain in earlier stages.* They also said that the
program would not maintain an even spending rate of $45 million per
month, as suggested in the independent cost estimate. Rather, they
noted, the program’s spending rate is currently $55 million a month, and
the program plans for it to rise to $65 million per month as the current
production engineering phase of the LEP draws to a close and the
production agencies accelerate their activities.*® These factors
notwithstanding, one Office of Cost Estimating and Program Evaluation
official observed that activities in the later stages of an LEP remain
complex and carry risks. The official cited the history of the challenges
that led to the delay of first production of the W76-1, cited earlier in this
report, and said that the B61-12 program faces the added challenges of
having to integrate with several delivery aircraft and of having more
electronic components than the W76-1. As noted in our cost estimating

47Speciﬁcally, officials noted that the latest Selected Acquisition Reportfor NNSA's work
on the B61-12 LEP, submitted in September 2016, indicates performance thattracks
closelyto the program costestimate, with no major costor schedule breaches to date.
The Selected Acquisition Reportdocuments the currentstatus and costand schedule
projections forthe program and is submitted to the congressional defense committees for
review.

48According to B61-12 program officials, components for the weapon are builtin three
categories of production lots: the process prove-in lot,used to demonstrate component
capabilities and functions; the qualification engineering lot, used to qualify components for
inclusioninfinished weapons; and two warreserve lots, used to produce components
included in finished B61-12 weapons delivered to the Air Force. Officials stressed that
lower-fidelitycomponents would never be accepted for use in the war reserve lots.

“SMore specifically, monthlycosts rise as design agencies continue work to qualify the
weapon system design and production process and, atthe same time, the production

agencies begin theirmanufacturing work. Monthly costs then decrease as the design

agencies’ activities and spending diminish during phase 6.6 (full-scale production).
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guide, studies have shown limited opportunity for getting a delayed
program back on track after it is more than 15 percent to 20 percent
complete.*®

NNSA Officials Met to
Reconcile the Program’s
Cost Estimate and the
Independent Cost
Estimate but Did Not
Documentthe Rationale
for Adopting the Program’s
Estimate Unchanged

Cost estimating best practices specify that a program cost estimate and
an independent cost estimate should be reconciled and that differences
between them should be examined and discussed to achieve
understanding of overall program risk.5! Officials from NNSA, including
from the Office of Cost Estimating and Program Evaluation and the B61-
12 program office, told us that they held several discussions in 2016
regarding the differences between the program estimate and the
independent cost estimate. These included a meeting with the second-
highest ranking official in NNSA—the principal deputy administrator—
during which the respective offices presented their estimates and
explained the methods used to produce them. After these meetings, the
principal deputy administrator and the NNSA Administrator agreed to
approve the program estimate unchanged.

According to B61-12 program officials, the program adapted some of its
practices as a result of their interactions with the Office of Cost Estimating
and Program Evaluation. For example, officials said that they changed
the program’s procedure for baseline changes to ensure consistency
across the participating sites. The program also began to conduct
baseline execution index analyses, as the Office of Cost Estimating and
Program Evaluation recommended. Baseline execution index analyses
track a program’s execution of tasks to date by monitoring the percentage
of activities that a program has completed early or on time and that have
a baseline for completion within the month the analysis is conducted.
According to program officials, similar to a schedule performance index in
an earned value management system, the baseline execution index gives
an alternate cumulative measure that gives a program an opportunity to
improve as it proceeds.

However, B61-12 program officials said that they did not document the
rationale for adopting the program cost estimate without making changes

50GAO-09-3SP. As of the lastSelected Acquisition Reportavailable for the program,
issuedin September2016, NNSA had expended about 27 percent of the estimated total
acquisition costofthe program.

51GAO-09-33P.
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informed by the independent cost estimate. They told us that any attempt
to combine the results of the two estimates would have been difficult,
considering the significant differences between the program’s cost
estimating model and the Office of Cost Estimating and Program
Evaluation’s model. We recommended in a January 2018 report that
NNSA should establish a requirement for its management to document
and justify key decisions based on a reconciliation of LEP cost estimates
with the Office of Cost Estimating and Program Evaluation’s independent
cost estimates.®? We concluded in the report that without a requirement
for its management to document and justify key decisions based on a
reconciliation of program cost estimates with the Office of Cost Estimating
and Program Evaluation’s independent cost estimates, NNSA may not
have assurance that the independent cost estimates are being
appropriately incorporated into the LEP decision-making process,
potentially decreasing the reliability of program cost estimates. Our prior
work has shown that, in general, because the independent cost estimate
team is outside the acquisition chain, is not associated with the program,
and has nothing at stake with regard to program outcome or funding
decisions, its estimate is usually considered more accurate than the
program’s internal estimate.%® In addition, our prior work has shown that
independent cost estimates are historically higher than program office
cost estimates because the team conducting the independent cost
estimate is more objective and less prone to accept optimistic
assumptions. However, we have also found that because independent
cost estimates are typically higher than program office cost estimates, in
some cases management may choose to ignore them because the
estimates are too high. NNSA agreed with our January 2018
recommendation, stating that by March 2018, it would establish a protocol
to document management decisions regarding significant variances
between LEP cost estimates and the independent cost estimates
produced by the Office of Cost Estimating and Program Evaluation.
However, NNSA has not provided evidence that it has done so. We
continue to believe that documenting key decisions regarding cost
estimates is particularly important in the context of LEPs, where decisions
could increase a program’s costs by billions of dollars.

52GA0-18-129.
535ee GAO-09-3SP.
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NNSA and DOD Have NNSA and DOD have identified and are managing various risks that

|dentified Risks and
Are Taking Steps to
Manage Them

could complicate efforts to meet the fiscal year 2025 completion date for
the B61-12 LEP. Some of these risks that the agencies are managing are
within the program’s areas of responsibility, such as an aggressive flight
test schedule, and additional risks could be identified within these areas.
To manage risks, the program uses a formal risk management process
and has taken steps such as consolidating flight tests and holding more
regular meetings between NNSA’s design and production agencies. The
program also faces risks that program officials told us lie outside the
program’s direct control—such as risks related to the F-35 delivery
aircraft, nuclear certification, and NATO coordination issues—and officials
said they have provided information to the responsible DOD organizations
to help address these risks.

NNSA and DOD Have
Taken Steps to Identify
and Help Manage Risks
within the Program’s
Responsibility, and They
May Identify Additional
Risks

Risk Identification Process

NNSA and DOD have taken steps to identify and help manage risks
within the B61-12 LEP’s responsibility, and program officials said that
they may identify additional risks as the program progresses. More
specifically, the program has a formal risk management process through
which it has identified risks and could identify additional risks as the
program proceeds, according to agency officials. Risks already identified
and being managed include risks related to the program’s aggressive
schedule of flight tests and to finalizing design and coordinating
procurement and delivery of components.

The B61-12 LEP has a formal risk management process that has
identified joint NNSA and Air Force risks within the program’s areas of
responsibility that could significantly impact the overall program’s
schedule, its cost, or the technical performance of the weapon. According
to program officials and the Program Joint Risk Management Plan, this
process calls for each program element in NNSA or the Air Force to be
responsible for identifying and managing risks at the lowest level
possible. After the program element reviews and documents a risk; it then
reviews the risk to determine its applicability to be considered a joint
risk—that is, a risk that has the potential to affect any of the top-level
program milestones or the program’s ability to successfully meet system
performance requirements. Program officials told us that the Air Force
lead project officer decides whether to accept the risk into the joint risk
list. Senior management oversees those risks through a formal
management plan.

The process includes continual reviews to identify new risks that may
emerge. The Joint Risk Review Board meets as new potential risks are
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Managing Risks Related to the
Program’s Aggressive
Schedule of Flight Tests

identified to review their likelihood and consequence. Officials from both
the Office of Cost Estimating and Program Evaluation and DOD’s Office
of Nuclear Matters told us that during phase 6.4 and thereafter, the
program may still discover new risks—"unknown unknowns”—during
technical tests to qualify components and the development of production
processes.

The process also has steps to manage risks and remove them from the
joint high-risk list, if the Joint Risk Management Board judges them to
have been resolved to closure or a low-risk status, according to program
officials. NNSA and DOD program officials said that the program’s risk
management process has resulted in the resolution of about three-
quarters of the identified high risks on the joint risk list. They also
observed that the program’s Selected Acquisition Reports, through which
NNSA and the Air Force report to the congressional defense committees
on the program’s cost and schedule, have been unchanged since 2013
regarding major program milestones. Program officials said that to
provide a 90-day schedule buffer and add flexibility to the program’s
schedule in the event of unexpected difficulties, the program has planned
to reach phase 6.5 in December 2019, ahead of the phase 6.5 date of
March 2020 that is reported in the Selected Acquisition Reports.
However, other officials told us that it is too soon to say whether the
program can manage the identified risks, or other unidentified risks, to
prevent delays in a program that has relatively little schedule margin.
Problems can emerge even during the first production stage of an LEP,
as happened in the W76-1 LEP due to the Fogbank production
challenges we discuss earlier in this report and in our March 2009 review
of W76 and B61 modernization efforts.®*

DOD and NNSA officials we interviewed generally agreed that the
program faces risks in completing an aggressive flight testing schedule to
support the first production unit deadline. According to the officials, the
B61-12 program needs to complete more than 60 flight tests over a 3-
year period to meet this deadline. Completing the tests entails actively
coordinating with the Air Force organizations that manage the various
aircraft that will carry the B61-12 weapon: the B-2 bomber and the F-15,
F-16, F-35, and PA-200 fighters. According to B61-12 program officials,
aircraft may not be available when needed for the planned flight testing.
This risk is of particular concern for B-2 bombers, they said, because only

54GA0-09-385.
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Managing Risks Related to
Finalizing Design and
Coordinating Procurement and
Delivery of Components

one B-2test unit is available and it is in heavy demand for other Air Force
purposes. Program officials characterized the flight test schedule as
aggressive and ambitious, but feasible, and told us the program has
managed the risks caused by the tight testing timeframes by coordinating
with the responsible organizations and consolidating tests to minimize the
amount of time required on each type of aircraft. Further, when aircraft
are not available as planned, program officials said they can revise the
sequence of tests. For instance, they accommodated the unavailability of
a B-2 test asset on a planned test date by moving up a test date on the F-
16. This schedule adjustment avoided a ripple effect of delays on the
overall testing schedule, according to Air Force officials. The video in
figure 6 shows an F-16 dropping an inert B61-12 bomb during a flight test
on March 14, 2017.

Figure 6: Video of B61-12 Flight Test

https://www.gao.gov/products/gao-18-456

Mock weapon is Idaded on an F-16

Source: Sandia National Laboratories. | GAO-18-456

To view a video of a B61-12 flight test, see http://www.gao.gov/iproducts/gao-18-456

NNSA and DOD have identified and taken steps to manage risks related
to finalizing the weapon’s design and coordinating the procurement and
delivery of components. These risks include:

« Technical risks associated with the design and production of
various components. Officials told us some components of the
bomb and tail kit assembly are on the program’s list of joint risks.
They said that their use of the joint risk management process calls
management attention to potentially serious risks and helps the
program to manage these risks as early and as continually as
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possible. For example, NNSA officials said that when technical risks
arose in designing one classified component on the program’s critical
path—potentially affecting the design schedule—they augmented the
design team with additional scientists in an effort to ensure that the
component would be completed in time to support the production
schedule. Similarly, to manage design risks related to the exacting
specifications for certain components, Kansas City National Security
Campus is working to develop sufficiently precise gages to measure
the required specifications during production.

« Late design changes from design agencies provided to the
production agencies. NNSA's Fiscal Year 2018 Stockpile
Stewardship and Management Plan identified late changes to
component design as a risk facing the B61-12 program and other
LEPs.% Contractor officials we interviewed from the Kansas City
National Security Campus and the Pantex Plant said that late
changes to weapon design requirements from the Sandia and Los
Alamos design agencies could create schedule problems for
establishing production processes at the production sites. Kansas City
National Security Campus officials expressed concerns that some
component requirements continue to change—some arising from
testing results—which creates a tension between improving the
design and stabilizing production requirements and processes. Pantex
officials also told us about a potentially significant production delay if
late design changes require Pantex to get new production tools or
testers. Late design changes could occur as scientists at the design
agencies analyze test results. Flight tests, for example, produce a
volume of information. Officials at the federal program office in
Albuquerque said that 4 test flights on the B-2, conducted in July
2017, produced 4 to 6 hours’ worth of data per flight. Officials at both
the Pantex and Kansas City sites said they have developed
management strategies to provide some flexibility in their production
schedules, such as speeding production by having staff work longer
shifts. Moreover, because of lessons learned from prior LEPs, officials
at both sites told us that coordination between production sites and
design agencies has significantly improved over past practices—
specifically, by having ongoing engagement that started earlier in the
weapon development process. Forinstance, Pantex officials told us
that they hold monthly meetings with design agencies to discuss
design changes. A Pantex official told us that, as a result of

55National Nuclear Security Administration, Fiscal Year 2018 Stockpile Stewardship and
Management Plan (Washington, D.C.: November2017).
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addressing production concerns early, design requirements
developed at the design agencies are less likely to result in
unanticipated production problems.

« Vendor risks associated with procuring various bomb
components. According to NNSA officials we interviewed, some
bomb components are procured through single commercial vendors,
in small lots, or are unusual. Kansas City National Security Campus
officials told us that they had to replace one vendor that could no
longer provide a certain material and that they generally risk losing
potential or existing vendors because vendors prefer contracts for
larger volumes of components than NNSA needs for the B61-12
bomb. In addition, unique materials for the bomb include certain
components with specific compositions of rubber and plastics.
Officials at the Kansas City National Security Campus said that they
have encountered difficulties with getting rubber and plastic
components from vendors that consistently meet composition
specifications or with sustaining vendors’ interest in producing small
batches of precision-manufactured components. In one such instance,
they said they improved incentives and communication with a vendor
to avoid losing a source for a key component. The officials said they
also contract with smaller vendors when larger vendors may not be
interested in the size of the contract NNSA offers.

o Delays in delivery of components from other production sites to
Pantex for full bomb assembly. NNSA and Pantex officials told us
that Pantex, which will assemble the full B61-12 bomb, depends on
the other production sites delivering the components in a timely
manner. NNSA production sites are scheduled to provide components
to Pantex 120 days before the first production unit date. Pantex and
NNSA officials have identified some schedule flexibility for assembling
the first production unit at Pantex, depending on which components
have delayed deliveries. Specifically, if the delayed components are
those needed later in the assembly process, such as the bomb’s nose
assembly, Pantex could stay on schedule by assembling other
delivered components until the delayed components are needed.
Delivery of other components, such as detonators, is more time-
sensitive, and it is essential that these be delivered on time for
assembly to proceed as planned, according to Pantex officials.
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NNSA and DOD Have
Taken Steps to Identify
and Help Manage Risks
outside the Program’s
Direct Control

According to program officials, certain risks that may have a bearing on
the B61-12 LEP or that may affect the fielding of the weapon lie in areas
outside the program’s direct control. Nevertheless, program managers
have taken steps to coordinate with other responsible parties to help
address these risks. For example, two of the three delivery aircraft
designated as system 2 aircraft—the F-35 and the B-2—have not yet
completed development and procurement of operational flight program
software that will enable the aircraft to deliver the B61-12 with the
enhanced accuracy offered by the tail kit assembly, a key feature of the
LEP.% B61-12 program officials told us that the program offices
responsible for each of these aircraft must manage the development and
procurement of the operational flight program software. To help inform the
software development process, the B61-12 program provided the F-35
and B-2 program offices with information about the weapon’s interface
with the airplane, including information from flight tests performed on an
earlier version of the F-35, according to program officials. NNSA and
DOD officials characterized B-2 development related to the B61-12 as
significantly more advanced than F-35 development. Specifically, Air
Force officials said that a developmental version of the B-2 operational
flight program software was fielded and certified in 2017 and would
undergo final weapon system demonstration flight tests in October 2019
and nuclear design certification in June 2020. By contrast, they said that
the F-35 software will not be ready for nuclear design certification until
January 2023, after the B61-12 program’s first production unit date. The
F-35 program office will be responsible for funding tests and aircraft-
weapon integration activities, according to the Air Force officials. Because
of the need to defer some flight tests until the software for the B-2 and F-
35 aircraft is ready, only one of the three system 2 delivery aircraft has
undergone testing of the B61-12 bomb’s capabilities in its system 2
setting: the F-15E, on which NNSA and DOD conducted the first system 2
tests of the B61-12 in August 2017.

Other risks outside the program’s direct control concern nuclear
certification and the NATO mission. Nuclear certification—ensuring that
people and objects that come into contact with the weapon will not
adversely affect its performance characteristics—is a prerequisite to
fielding the B61-12 and other nuclear weapons, but it is the responsibility

56As noted above, the system 2 configuration is designed to deliverthe weaponina
digitallyguided setting, whereas system 1 aircraftare designed to deliver the weapon as a
ballistic (unguided) bomb, with the tail kit assemblyin a fixed position.
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Agency Comments

of the Air Force organizations that manage the delivery aircraft.*” In a
classified report issued in January 2018, we discuss risks related to
nuclear certification of dual capable aircraft, which are able to deliver
conventional munitions or nuclear bombs.%¢ B61-12 program officials told
us that they are working to address these risks by providing information
on the weapon to all of the organizations that manage the delivery
aircraft. Similarly, in another classified report issued in February 2018, we
discuss arisk related to the NATO mission that may affect the B61-12
LEP; program officials told us that they are working to address this risk,
as well.>®* We made recommendations in the two classified reports related
to these risks; the responsible agencies agreed with our
recommendations and stated their intention to take action in response to
them.

We provided a draft of this product to NNSA and DOD for comment.
NNSA provided technical comments, which we incorporated as
appropriate. DOD indicated that it did not have any comments.

We are sending copies of this report to the appropriate congressional
committees, the Secretaries of Defense and Energy, the Administrator of
NNSA, and other interested parties. In addition, this report is available at
no charge on the GAO website at http://www.gao.gov.

57 According to DOD officials and documents, nuclear certification utilizes testing to
demonstrate compliance with nuclear suretystandards to ensure compatibility of the
various weapon system elements—such as aircraftinterface, transportation, storage, and
maintenance equipment—uwith the qualified nuclear weapon. Nuclear suretyencompasses
safety and securitymeasures over the life cycle of the weapon that seek to ensure there
will be no nuclearweapons accidents, incidents, unauthorized detonation, or degradation
of weapon effectiveness during the weapon’s movementfrom storage to delivery.

%8GA0, Dual Capable Aircraft: DOD Needsto Develop a Reliable Schedule and Address
Risk for Nuclear Certification of the F-35A, GAO-18-82C (Washington,D.C.: Jan. 31,
2018) (SECRET//FORMERLY RESTRICTED DATA/FGI NATO FRA GBR/NOFORN).

%9GAO, U.S. Nuclear Weapons in Europe, GAO-18-86C (Washington, D.C.: Feb. 6, 2018)
(SECRET//FORMERLY RESTRICTED DATA/NOFORN).
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If you or your staff members have any questions about this report, please
contact me at (202) 512-3841 or bawdena@gao.gov. Contact points for
our Offices of Congressional Relations and Public Affairs may be found
on the last page of this report. GAO staff who made significant
contributions to the report are listed in appendix Il.

oMo

Allison B. Bawden
Director, Natural Resources and Environment
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Appendix |: Results of GAO’s Assessment of
the B61-12 Life Extension Program Cost
Estimate Compared with Best Practices

Overall
Characteristic assessment Best practice Individual assessment
Comprehensive Substantiallymet The costestimate includes all life cycle costs. Partially met
The costestimate completelydefines the program, Substantiallymet
reflects the current schedule, and is technically
reasonable.
The costestimate work breakdown structure—a Substantiallymet

hierarchical structure thatsubdivides the work necessary
to accomplish the program’s objectives into smaller
elements—is product-oriented, traceable to the
statementofwork/objective, and at an appropriate level
of detail to ensure thatcostelements are neither omitted
nor double-counted.

The estimate documents all cost-influencing ground rules Partially met
and assumptions.

Well-documented  Substantiallymet The documentation should capture the source dataused, Partially met
the reliabilityof the data, and how the data were
normalized.

The documentation describes in sufficientdetail the Partially met
calculations performed and the estimating methodology
used to derive each element’s cost.

The documentation describes step bystep how the Substantiallymet
estimate was developed so thata costanalystunfamiliar

with the program could understand whatwas done and

replicateit.

The documentation discusses the technical baseline Substantiallymet
description,and the data in the baseline is consistent
with the estimate.

The documentation provides evidence thatthe cost Substantiallymet
estimate was reviewed and accepted by management.

Accurate Substantiallymet The costestimate results are unbiased, notoverly Substantiallymet
conservative or optimistic,and based on an assessment
of mostlikely costs.

The estimate has been adjusted properlyforinflation. Minimallymet
The estimate contains few, ifany, minor mistakes. Met
The costestimate is regularlyupdated to reflect Met

significantchangesin the program so that it always
reflects current status.

Variances between planned and actual costs are Substantiallymet
documented, explained, and reviewed.

The estimate is based on a historical record of cost Met
estimating and actual experiences from other
comparable programs.
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Appendix|: Results of GAO’s Assessment of
the B61-12 Life Extension Program Cost
Estim ate Compared with Be st Practices

Overall
Characteristic assessment Best practice Individual assessment
Credible Substantiallymet The costestimate includes a sensitivityanalysis that Partially met

identifies arange of possible costs based on varying
majorassumptions, parameters, and data inputs.

Ariskand uncertainty analysis was conducted that Partially met
quantified the imperfectly understood risks and identified

the effects of changing key cost driver assumptions and

factors.

Major cost elements were cross checked to see whether Substantiallymet
results were similar.

An independentcostestimate was conducted bya group Substantiallymet
outside the acquiring organization to determine whether
other estimating methods produce similar results.

Source: GAO Analysis of Department of Energy information. | GAO-18-456

Note: GAO’s cost estimating guide provides best practices for developing a high-quality, reliable cost
estimate and identifies four characteristics of such an estimate: it is comprehensive, w ell-
documented, accurate, and credible. (GAO, GAO Cost Estimating and Assessment Guide: Best
Practices for Developing and Managing Capital Program Costs, GAO-09-3SP (Washington, D.C.:
March 2009).) For each of these four characteristics, which are listed in the left column of the table,

w e rated the estimate on a five-tiered scale—shown in the second column fromthe left—determining
that it (1) met, (2) substantially met, (3) partially met, (4) minimally met, or (5) did not meet the criteria
for each characteristic. According to our scale, “met” means that the agency provided complete
evidence that satisfies the criteria. “Substantially met” means that the agency provided evidence that
satisfies alarge portion of the criteria. “Partially met” means that the agency provided evidence that
satisfies about half of the criteria. “Minimally met” means that the agency provided evidence that
satisfies a small portion of the criteria. “Not met” means that the agency provided no evidence that
satisfies any of the criteria. We determined the overall assessment rating by assigning each individual
rating a number: Not Met = 1, Minimally Met = 2, Partially Met =3, Substantially Met = 4, and Met = 5.
We then took the average of the individual assessment ratings to determine the overall rating for each
of the four characteristics. The resulting average becomes the Overall Assessment as follows: Not
Met = 1.0 to 1.4, Minimally Met = 1.5 to 2.4, Partially Met = 2.5 to 3.4, Substantially Met = 3.5 to 4.4,
and Met =4.5t05.0.
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