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Why GAO Did This Study

GAO’s work has shown that the
National Aeronautics and Space
Administration’s (NASA) large-scale
projects, while producing ground-
breaking research and advancing
our understanding of the universe,
tend to cost more and take longer
to develop than planned, and are
often approved without evidence

of a sound business case. Although
space development is complex and
difficult by nature, GAO has found
that inherent risks are compounded
by the need for better management
and oversight practices. GAO has
designated NASA’s acquisition
management a high risk area.

This report provides a snapshot
of how well NASA is planning

and executing its acquisition of
selected large-scale projects. It
also provides observations about
the performance of NASA’'s major
projects and project management,
outlines steps NASA is taking to
improve its acquisitions, identifies
challenges that contribute to cost
and schedule growth, and assesses
21 NASA projects, each with an
estimated life-cycle cost of over
$250 million.

GAO is not making any new
recommendations in this report.
Instead GAO is issuing another
report concurrently (GAO-11-
364R) that describes in more detail
some of the issues identified in
this report, such as transparency
in project costs and lack of a
consistent design metric, and will
make recommendations to address
the issues.

View GAO-11-239SP or key components.
For more information, contact

Cristina Chaplain at (202) 512-4841 or
chaplainc@gao.gov.
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What GAO Found

GAO assessed 21 NASA projects with a combined life-cycle cost that exceeds
$68 billion. Of those 21 projects, 16 had entered the implementation phase
where cost and schedule baselines were established. Development costs for
the 16 projects had an average growth of $94 million—or 14.6 percent—and
schedules grew by an average of 8 months. The total increase in development
costs for these projects was $1.5 billion. GAO found that 5 of the 16 projects
were responsible for the overwhelming majority of this increase. The issue of
cost growth is more significant than the 14.6 percent average would indicate
because it does not capture the cost growth that occurred before several
projects reported baselines in response to a statutory requirement in 2005.
Specifically, the 13 projects that GAO has reviewed over the past 3 years that
established baselines prior to 2009 experienced an average development cost
growth of almost 55 percent, with a total increase in development costs of
almost $2.5 billion from their original confirmation baselines. This does not
reflect considerable cost and schedule growth that will likely be experienced
by NASA’s largest science program—the James Webb Space Telescope (JWST).
Based on the findings of the independent panel that recently reviewed the
JWST project and information that we obtained from project officials, it is
likely that JWST will report significant cost and schedule growth, estimated to
be $1.4 billion or more and up to 15 months, respectively.

Many of the projects GAO reviewed for this report experienced challenges

in the areas of technology, design, funding, launch vehicles, development
partner performance, parts, and contractor management. Reducing the

kinds of challenges this assessment identifies in acquisition programs hinges
on developing a sound business case for a project. The development and
execution of a knowledge-based business case for these projects can provide
early recognition of challenges, allow managers to take corrective action,
and place needed and justifiable projects in a better position to succeed. The
inherent complexity of space development programs should not preclude
NASA from achieving what it promises when requesting and receiving funds.

In response to GAO’s designation of NASA’s acquisition management as a

high risk area, NASA has developed a corrective action plan to improve

the effectiveness of acquisition project management. The plan identifies

five areas for improvement, each of which contains targets and goals to
measure improvement. As part of this initiative, the agency is continuing its
implementation of a new cost estimation tool, the Joint Cost and Schedule
Confidence Level, to help project officials with management, cost and schedule
estimating, and maintenance of adequate levels of reserves.
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United States Government Accountability Office

Washington, DC 20548

March 3, 2011
Congressional Committees

We are pleased to present GAO’s third annual assessment of selected large-
scale National Aeronautics and Space Administration (NASA) projects.
This report provides a snapshot of NASA’s planning and execution of major
acquisitions—a topic that is on GAO’s high risk list.

This past year has been one of turmoil for NASA. The proposed cancellation
of the Constellation program—the agency’s largest program—has left
NASA’s human space flight program in a state of flux. Its future work in this
area depends on how budget issues and direction are resolved between

the Congress and the Administration. While NASA continued to work
toward the program of record for Constellation, its focus has now turned
to prioritizing work that can be transitioned to the new path for human
space flight set out in the NASA Authorization Act of 2010 while continuing
to comply with the requirements of its fiscal year 2010 appropriations.
Additionally, funding constraints due to the delayed retirement of the
shuttle fleet, the plan to utilize the International Space Station at least 4
years longer than anticipated, and expected overruns in major projects,
such as the James Webb Space Telescope and the Mars Science Lab, will
affect NASA's plans for funding new projects for years to come. This
environment, coupled with a constrained budgetary outlook, heightens

the importance of efficient and effective project management to maximize
results. Furthermore, NASA needs to be equipped with the knowledge to
make hard choices among competing priorities within the agency.

We recently issued an update to our high risk report where we highlighted
efforts NASA continues to make to improve its management of major
projects. For example, the agency has continued to implement initiatives
aimed at strengthening its cost and schedule estimating processes. These
initiatives, as well as other efforts, are intended to provide key decision-
makers with increased knowledge to make informed decisions before a
project starts and to maintain disciplined management and oversight once
it begins. Increased discipline and oversight, however, will require that
senior NASA leaders have the will to terminate or reshape projects that do
not measure up, hold appropriate parties accountable for poor outcomes,
and recognize and reward good management and good decisions. NASA
continues to take positive steps, but it will still be some time before the
impact of its efforts can be measured.
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The NASA portfolio of major projects ranges from robotic probes designed
to explore the Martian surface, to satellites equipped with advanced sensors
to study the earth, to telescopes intended to explore the universe. Some

of these missions have literally changed the way we view our planet and

the universe. For example, the Kepler mission recently identified the first
Earth-size planet candidates in a habitable zone where liquid water could
exist on the planet’s surface. In many cases, NASA’s projects are expected to
incorporate new and sophisticated technologies that must operate in harsh,
distant environments.

Although space development programs are complex and difficult by
nature, our work consistently finds that inherent risks of NASA’'s complex
development projects are heightened by the induced risks of less than
adequate management and oversight practices. In this year’s report, our
work continues to show that NASA’s major projects are frequently approved
without evidence of a sound business case that ensures a match between
requirements and reasonably expected resources. As a result, the projects
cost more and take longer to develop than planned. We found that NASA
frequently exceeded its acquisition cost and schedule estimates, even
when those estimates were relatively new. In the last 3 years, 12 out of the
13 projects that have been in development for several years significantly
exceeded their cost and/or schedule baseline estimates. In today’s fiscal
environment, it is clear that this condition cannot be sustained.

We believe that this report can provide insights that will help NASA place
programs in a better position to succeed, and help the agency maximize

its investments. Our work has shown that curbing the induced challenges
that can lead to cost and schedule growth hinges on developing a sound
business case that includes firm requirements, mature technologies, a
knowledge-based acquisition strategy, realistic cost estimates, and sufficient
funding. Consistent adoption of such practices can improve results and may
help ease the budgetary pressures NASA is likely to continue to face over
time.

l Dol

Gene L. Dodaro
Comptroller General
of the United States
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United States Government Accountability Office

Washington, DC 20548

March 3, 2011
Congressional Committees

This is GAO’s third annual assessment of the National Aeronautics and
Space Administration’s (NASA) large-scale projects. This report provides

a snapshot of how well NASA is planning and executing its major
acquisitions—an area that has been on GAO’s high risk list since 1990. Over
the past year, NASA has again showed that its projects produce ground-
breaking research and advance our understanding of the universe. For
example, the Kepler spacecraft has discovered the first confirmed planetary
system with more than one planet transiting the same star. Unfortunately,
over the past year, NASA has also experienced much turmoil and many
cost increases in several of its major projects. For example, the proposed
cancellation of the Constellation Program, after spending over $11 billion
since 2006, caused uncertainty in NASA’s human spaceflight program. More
recently, an independent panel concluded that the James Webb Space
Telescope project will require additional funding of $1.4 billion or more and
a launch delay of 15 months. In the past 2 years, we reported that 11 out

of 17 NASA projects experienced significant cost and/or schedule growth
from baselines established only 2 or 3 years earlier.! Such issues continue
to impact NASA’s ability to conduct its ground-breaking work in an efficient
and effective manner.

NASA has taken steps over recent years to help improve its acquisition
management through several initiatives aimed at improving cost estimating
and management oversight. While the overall outcomes of these efforts will
take time to become apparent, NASA officials indicate that they continue to
be committed to the initiatives with the goal of improving performance.

The Congress has expressed concern about NASA’s performance and has
identified the need to standardize the reporting of cost, schedule, and
content for NASA research and development projects. In 2005, the Congress
required NASA to report cost and schedule baselines—benchmarks against
which changes can be measured—for all NASA programs and projects with
estimated life-cycle costs of at least $250 million that have been approved
to proceed to the development stage, known as implementation, in which

L GAO, NASA: Assessments of Selected Large-Scale Projects, GAO-09-306SP (Washington,
D.C.: Mar. 2, 2009) and GAO, NASA: Assessments of Selected Large-Scale Projects,
GAO-10-227SP (Washington, D.C.: Feb. 1, 2010).
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components begin to take physical form.? It also required that NASA

report to Congress when development cost is likely to exceed the baseline
estimate by 15 percent or more, or when a milestone is likely to be delayed
beyond the baseline estimate by 6 months or more.? In response, NASA
began to report new cost and schedule baselines in 2006 and has been using
them as the basis for annual project performance reports to the Congress
provided in its budget submission each year.

The explanatory statement of the House Committee on Appropriations
accompanying the Omnibus Appropriations Act, 2009 directed GAO to
prepare project status reports on selected large-scale NASA programs,
projects, or activities.* This report responds to that mandate. Specifically,
we assess (1) performance of NASA's major projects and the agency’s
management of those projects during development, (2) knowledge attained
by key junctures in the acquisition process, (3) other challenges that

can affect project execution, (4) NASA’s continued efforts to improve its
acquisition management, and (5) 21 NASA projects, each with an estimated
life-cycle cost over $250 million.® In doing so, the report expands on the
importance of providing decision-makers with an independent, knowledge-
based assessment of individual systems that identifies potential risks and
allows them to take actions to put projects that are early in the development
cycle in a better position to succeed.

Our approach included an examination of the current phase of a project’s
development and how each project was advancing.® NASA provided
updated cost and schedule data as of February 2011 for 16 of the 21
projects. We reviewed and compared that data to previously established
cost and schedule baselines. We assessed each project’s cost and schedule

2 National Aeronautics and Space Administration Authorization Act of 2005, Pub. L. No. 109-
155, §103; 42 U.S.C. § 16613(b).

342 U.8.C. § 16613(d).

* See Explanatory Statement accompanying the Omnibus Appropriations Act, 2009, Pub. L.
No. 111-8.

> Each assessment is presented in a 2-page summary that analyzes the project’s cost and
schedule status and project challenges we identified with the objective to identify risks that,
if mitigated, could put NASA in a better position to succeed.

5 Each project we reviewed was in either the formulation phase or the implementation phase
of the project life cycle. In the formulation phase, the project defines requirements—what
the project is being designed to do—matures technology, establishes a schedule, estimates
costs, and produces a plan for implementation. In the implementation phase, the project
carries out these plans, performing final design and fabrication as well as testing components
and system assembly, integrating these components and testing how they work together,

and launching the project. This phase also includes the period from project launch through
mission completion.
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Background

and characterized growth either as significant if it exceeded the thresholds
that trigger cost or schedule growth reporting to the Congress under the
law.” In addition, NASA provided cost and schedule information from
previously reported projects that we used for historical analysis. We
assessed technology maturity and design stability using GAO’s established
criteria for knowledge-based acquisitions and other GAO work on

system acquisitions.® Additionally, as a result of our analysis based on
interviews with project officials and information provided by the projects,
we identified other challenges—funding, launch vehicles, development
partner performance, parts, and contractor management—that can affect
project outcomes. This list of challenges is not exhaustive and we believe
these challenges will evolve, as they have from previous years, as we
continue this work into the future. We took appropriate steps to address
data reliability. The individual project offices were given an opportunity to
provide comments and technical clarifications on our assessments prior to
their inclusion in the final product, which were incorporated as appropriate.
Appendix II contains detailed information on our scope and methodology.

We conducted this performance audit from March 2010 to February 2011 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. We are not making recommendations in this report.

A Sound Business Case
Underpins Successful
Acquisition Outcomes

The development and execution of a knowledge-based business case for
NASA’s projects can provide early recognition of challenges, allow
managers to take corrective action, and place needed and justifiable
projects in a better position to succeed. Our studies of best practice
organizations show the risks inherent in NASA’'s work can be mitigated by
developing a solid, executable business case before committing resources

" NASA is required to report to Congress if development cost of a program is likely to exceed
the baseline estimate by 15 percent or more, or if a milestone is likely to be delayed by 6
months or more. 42 U.S.C. § 16613(d).

8 GAO, Best Practices: Using a Knowledge-Based Approach to Improve Weapon
Acquisition, GAO-04-386SP (Washington, D.C.: Jan. 2004).
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to a new product development.® In its simplest form, this is evidence that
(1) the customer’s needs are valid and can best be met with the chosen
concept and that (2) the chosen concept can be developed and produced
within existing resources—that is, proven technologies, design knowledge,
adequate funding, adequate time, and adequate workforce to deliver the
product when needed. A program should not be approved to go forward
into product development unless a sound business case can be made. If the
business case measures up, the organization commits to the development of
the product, including making the financial investment. Our best practice
work has shown that developing business cases based on matching
requirements to resources before program start leads to more predictable
program outcomes—that is, programs are more likely to be successfully
completed within cost and schedule estimates and deliver anticipated
system performance.'

At the heart of a business case is a knowledge-based approach to product
development that is a best practice among leading commercial firms. Those
firms have created an environment and adopted practices that put their
program managers in a good position to succeed in meeting expectations.

A knowledge-based approach requires that managers demonstrate high
levels of knowledge as the program proceeds from technology development
to system development and, finally, production. In essence, knowledge
supplants risk over time. This building of knowledge can be described over
the course of a program as follows:

e  When a project begins development, the customer’s needs should match
the developer’s available resources—mature technologies, time, and
funding. An indication of this match is the demonstrated maturity of the
technologies required to meet customer needs—referred to as critical
technologies. If the project is relying on heritage—or pre-existing—
technology, that technology must be in appropriate form, fit, and
function to address the customer’s needs within available resources.
The project will normally enter development after completing the
preliminary design review, at which time a business case should be in
hand.

9 GAO, Defense Acquisitions: Key Decisions to Be Made on Future Combat System,
GAO-07-376 (Washington, D.C.: Mar. 15, 2007); Defense Acquisitions: Improved Business
Case Key for Future Combat System’s Success, GAO-06-564T (Washington, D.C.: Apr. 4,
2006); NASA: Implementing a Knowledge-Based Acquisition Framework Could Lead to
Better Investment Decisions and Project Outcomes, GAO-06-218 (Washington, D.C.: Dec.
21, 2005); and NASA’s Space Vision: Business Case for Prometheus 1 Needed to Ensure
Requirements Match Available Resources, GAO-05-242 (Washington, D.C.: Feb. 28, 2005).

10 GAO-05-242.
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e Then, about midway through the product’s development, its design
should be stable and demonstrate it is capable of meeting performance
requirements. The critical design review takes place at that point in time
because it generally signifies when the program is ready to start building
production-representative prototypes. If design stability is not achieved,
but a product development continues, costly re-designs to address
changes to project requirements and unforeseen challenges can occur.
By the critical design review, the design should be stable and capable of
meeting performance requirements.

¢ Finally, by the time of the production decision, the product must be
shown to be producible within cost, schedule, and quality targets and
have demonstrated its reliability, and the design must demonstrate
that it performs as needed through realistic system-level testing. Lack
of testing increases the possibility that project managers will not have
information that could help avoid costly system failures in late stages of
development or during system operations.

Our best practices work has identified numerous other actions that can

be taken to increase the likelihood that a program can be successfully
executed once that business case is established. These include ensuring
cost estimates are complete, accurate and updated regularly, and holding
suppliers accountable through such activities as regular supplier audits

and performance evaluations of quality and delivery. Moreover, we have
recommended using metrics and controls throughout the life cycle to gauge
when the requisite level of knowledge has been attained and when to direct
decision makers to consider criteria before advancing a program to the next
level and making additional investments.

NASA Life Cycle for Flight
Systems

NASA life cycle for flight system is defined by two phases—formulation!!
and implementation'>—and several key decision points. See figure 1. These

11 NASA defines formulation as the identification of how the program or project supports
the agency’s strategic needs, goals, and objectives; the assessment of feasibility, technology
and concepts; risk assessment, team building, development of operations concepts and
acquisition strategies; establishment of high-level requirements and success criteria; the
preparation of plans, budgets, and schedules essential to the success of a program or
project; and the establishment of control systems to ensure performance to those plans
and alignment with current agency strategies. NASA Interim Directive (NID) NM 7120-81
for NASA Procedural Requirements (NPR) 7120.5D, paragraph 1.2.1(a) (Sept. 22, 2009)
(Hereinafter cited as NID for NPR 7120.5D (Sept. 22, 2009)).

2 The implementation phase is defined as the execution of approved plans for the
development and operation of the program/project, and the use of control systems to ensure
performance to approved plans and continued alignment with the agency’s strategic needs,
goals, and objectives. NID for NPR 7120.5D, paragraph 1.2.1(c) (Sept. 22, 2009).
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phases are then further divided into incremental pieces: Phase A through
Phase F.

________________________________________________________________________________________________________________________|
Figure 1: NASA'’s Life Cycle for Flight Systems

NASA'’s life cycle for flight systems and ground support projects

Formulation Pre-NAR NAR Implementation
v v pleme tatio

Pre-phase A Phase A Phase B Phase C Phase D Phase E Phase F

Concept Concept and Preliminary Design Final Design System Assembly, Operations and Closeout

Studies Technology and Technology and Fabrication Integration and Test, Sustainment

Development Completion Launch
V'S Ao V'S Ao V'S Ao
KDP A KDP B KDP C KDP D KDP E KDP F
Program Start
SDR PDR CDR

Management decision reviews
W Pre-NAR = preliminary non advocate review
W NAR = non advocate review
A KDP = key decision point
Technical reviews
| SDR = system definition review
| PDR = preliminary design review

| CDR = critical design review

Source: NASA data and GAO analysis.
Project formulation consists of Phases A and B, during which time
the projects develop and define the project requirements and cost/
schedule basis and design for implementation, including developing an
acquisition strategy. During the end of the formulation phase, leading
up to the preliminary design review (PDR)" and non-advocate review
(NAR)," the project team completes its preliminary design and technology

3 According to NID for NPR 7120.5D, Table 2-7 (Sept. 22, 2009), the PDR demonstrates that
the preliminary design meets all system requirements with acceptable risk and within the
cost and schedule constraints and establishes the basis for proceeding with detailed design.
It shows that the correct design option has been selected, interfaces have been identified,
and verification methods have been described. Full baseline cost and schedules, as well as
risk assessments, management systems, and metrics are presented.

4 According to NID for NPR 7120.5D, Appendix A (Sept. 22, 2009), a NAR is comprised

of the analysis of a proposed program or project by a (non-advocate) team composed of
management, technical, and resources experts (personnel) from outside the advocacy chain
of the proposed program or project. It provides agency management with an independent
assessment of the readiness of the program/project to proceed into implementation.
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development. NASA Interim Directive NM 7120-81 for NASA Procedural
Requirements 7120.5D, NASA Space Flight Program and Project
Management Requirements, specifies that during formulation the project
should complete development of mission-critical or enabling technology.
As needed, projects are required to demonstrate evidence of technology
maturity (i.e., component and/or breadboard validation in the relevant
environment) and document the information in a technology readiness
assessment report. The project must also develop, document, and maintain
a project management baseline'® that includes the integrated master
schedule and baseline life-cycle cost estimate. The formulation phase is
intended to culminate in a confirmation review at which time cost and
schedule baselines are confirmed and project progress hence forth is
measured against these baselines.

After a project is confirmed, it begins implementation, consisting of
phases C, D, E, and F. During phase C, the project performs final design
and fabrication as well as testing of components. In phase D, the project
performs system assembly, integration, test, and launch activities. Phases
E and F consist of operations and sustainment and project closeout. A
second design review, the critical design review (CDR),!¢ is held in the
implementation phase during the latter half of phase C. The purpose of
the CDR is to demonstrate that the maturity of the design is appropriate to
support proceeding with full-scale fabrication, assembly, integration, and
test. After CDR and the system integration review,'” the project must be
approved before continuing into the next phase.

NASA Projects Reviewed
in GAO Annual
Assessments

The portfolio of projects we reviewed has evolved and grown in each of the
last 3 years. Once a project launches, we will no longer include a 2-page
summary in our annual report. However, we do maintain and continually
assess historical cost, schedule, and performance information collected

> The management baseline is the integrated set of requirements, cost, schedule, technical
content, and associated joint confidence level that forms the foundation for program or
project execution and reporting done as part of NASA's performance assessment and
governance process. NID for NPR 7120.5D, paragraph 2.1.8.2 and Appendix A (Sept. 22,
2009).

16 According to NID for NPR 7120.5D, Table 2-7 (Sept. 22, 2009), the CDR demonstrates that
the maturity of the design is appropriate to support proceeding with full-scale fabrication,
assembly, integration, and test, and that the technical effort is on track to complete the
flight and ground system development and mission operations in order to meet mission
performance requirements within the identified cost and schedule constraints. Progress
against management plans, budget, and schedule, as well as risk assessments are presented.

7 The system integration review evaluates the readiness of the project to start flight system
assembly, test, and launch operations. This review takes place after the CDR and just prior to
the beginning of phase D, where test and integration activities occur. NID for NPR 7120.5D,
Table 2-7 and paragraph 4.6.1 (Sept. 22, 2009).
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from these projects during the course of our reviews. As NASA determines
that a project will have a life-cycle cost estimate of more than $250 million,
we will then include that project in the next review. See table 1 for a history
of the projects we have reviewed over the past 3 years.

_____________________________________________________________________________________________|
Table 1: Selected Major NASA Projects Reviewed in GAO Annual Assessments

2009 2010 2011
Projects in Formulation Ares | Ares | Ares |
GPM GPM ICESat-2
JWST LDCM Orion
LDCM Orion SMAP
Orion SPP
Projects in Implementation Aquarius Aquarius Aquarius
Dawn* Glory Glory
GLAST* GRAIL GPM
Glory Herschel* GRAIL
Herschel Juno Juno
Kepler JWST JWST
LRO Kepler* LADEE
MSL LRO* LDCM
NPP MMS MAVEN
OCO* MSL MSL
SDO NPP MMS
SOFIA RBSP NPP
WISE SDO* 0CO-2
SOFIA RBSP
WISE* SOFIA
TDRS

Replenishment

Source: GAO Analysis of NASA data.

"NASA projects that have launched and proceeded into operations.

“NASA project that launched but failed to reach orbit.

ObSGI'V&tiOIIS on We assessed 21 large-scale NASA projects in this review. We based the
R . majority of our cost and schedule analysis on the 16 projects that are

NASAS Portfolio of currently in the implementation phase of the project life cycle. We also

Major Projects analyzed historical data from projects that were a part of our previous
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reviews. We found that 5 of the 16 projects currently in implementation
experienced significant cost and/or schedule growth from their baselines.!®
The remaining 11 projects established baselines in fiscal year 2009 or later
and have reported little or no deviations from their cost and schedule
baselines. Three of the 11 projects that had been in formulation for most of
our review were confirmed late in 2010, and their baselines were reported
for the first time in the NASA's fiscal year 2012 budget submission. The
remaining five projects were in the formulation phase where cost and
schedule baselines have yet to be established.!? See figure 2 for a summary
of these projects.

________________________________________________________________________________________________________________________|
Figure 2: Summary of Projects Assessed by Phase of the NASA Project Life Cycle

Total
projects
reviewed

Projects with
significant cost
and/or schedule

growth
Projectsin Proi
implementation rojects
that entered
implementation
S  inFY2009/10
Projects
entering
implementation
8 in FY 2011
16 3

Source: GAO analysis of NASA project data.

18 For purposes of our analysis, cost or schedule growth is significant if it exceeds the
thresholds that trigger reporting to Congress under the law. The thresholds are development
cost growth of 15 percent or more from the baseline cost estimate or a milestone delay of 6
months or more beyond the baseline schedule estimate. 42 U.S.C. § 16613(d).

19 NASA did not provide formal cost and schedule baselines for the projects in formulation,
citing that the estimates are preliminary. Baselines are established when the project
transitions to implementation.
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Development costs for the 16 projects currently in implementation had an
average development cost growth of $94.3 million—or 14.6 percent—and
schedule growth of 8 months from their baselines. The total increase in
development costs for the 16 projects in implementation was over $1.5
billion. The five projects that established baselines before fiscal year 2009
were responsible for the overwhelming majority of this increase. All five
projects have exceeded cost and schedule thresholds set by the Congress.
Two projects—Glory and MSL—were re-baselined, but to gain a more
accurate picture of cost and schedule growth, we used their original
baselines for our analysis. See table 2.

_____________________________________________________________________________________________________________________________________|
Table 2: Cost and Schedule Growth of Selected NASA Projects Currently in the Implementation Phase (dollars in millions)

Baseline Development Percentage Launch
Project (FY) cost growth cost growth delay (months)
NPP 2007 $187.1 31.6 42
SOFIA 2007 $208.9 22.7 12
Aquarius 2008 $34.6 18.0 23
Glory2 2008 $168.7 99.9 27
MSL® 2008 $833.4 86.0 26
GRAIL 2009 $0.0 0.0 0
Juno 2009 $0.0 0.0 0
JWST 2009 $129.8 5.0 0
RBSP 2009 $0.1 0.0 0
GPM 2010 -$40.4 -7.3 0
LDCM 2010 $4.2 0.7 0
MMS 2010 $0.0 0.0 0
TDRS Replenishment 2010 -$17.2 -8.2 0
LADEE 2011 $0.0 0.0 0
MAVEN 2011 $0.0 0.0 0
0CO-2 2011 $0.0 0.0 0
Average $94.3 14.6% 8
Total development cost $1,509.9

Source: GAO analysis of NASA data.
Note: Shading indicates projects that exceeded their cost and/or schedule thresholds.
?Glory established a new baseline in fiscal year 2009 after being reauthorized by Congress.

"MSL established a new baseline in fiscal year 2010 after being reauthorized by Congress.

This table does not reflect considerable cost and schedule growth that
will likely be experienced by NASA's largest science program—the James
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Webb Space Telescope. Based on the findings of the independent panel

that recently reviewed the JWST project and information we obtained

from projects officials, it is likely that JWST will report significant cost and
schedule growth, currently estimated to be $1.4 billion or more and up to 15
months, respectively.

Table 2 also includes information from 11 projects that were all confirmed
in the last two years and have not reported significant cost or schedule
growth. Many of these projects are entering, or have recently entered, the
test and integration phase where cost and schedule growth is typically
realized. Specifically, seven projects plan to have their system integration
review in fiscal year 2011 or 2012. Importantly, many of these projects have
experienced similar challenges as the older projects that have reported cost
and/or schedule growth, such as issues with maturing technology and not
meeting design criteria.

As previously stated, the Glory and MSL projects both sought
reauthorization from Congress because of development cost growth

in excess of 30 percent despite having baselines established in 2008.%°
Congress reauthorized the Glory project, and new cost and schedule
baselines were established in fiscal year 2009,2! after the project
experienced a 53 percent cost growth and 6-month launch delay from
original baseline estimates established in fiscal year 2008. Although Glory’s
development costs have increased by almost 31 percent from the new
baseline established in 2009, Glory is scheduled to launch in March 2011
before a second reauthorization would need to be sought. Similarly, MSL
was reauthorized by the Congress and NASA established new cost and
schedule baselines early in fiscal year 2010 after reporting a 68 percent
growth in cost and a 26 month schedule delay from its original baselines
established in fiscal year 2008.

The issue of cost growth is more significant than the 14.6 percent average
identified in table 2 would indicate. For some of these projects, the 14.6
percent average cost growth identified does not capture the cost growth
that occurred from the time these projects initially established baselines

at confirmation to the time that they reported baselines subsequently
established in response to the statutory requirement. Using that data, we
found that NASA's major projects have experienced an average development

2 If development cost of a program will exceed the baseline estimate by more than 30
percent, then NASA is required to seek reauthorization from Congress in order to continue
the program. If the program is reauthorized, NASA is required to establish new cost and
schedule baselines. 42 U.S.C. § 16613(e).

2142 U.8.C. § 16613(e).
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cost growth of almost 55 percent, with the total increase in development
costs of almost $2.5 billion from their baselines established at confirmation.
To examine the cost growth experienced by the 13 projects included in our
reviews for the past 3 years that were confirmed prior to fiscal year 2009,%
we measured cost growth from the baseline established at the project’s
confirmation review. In some instances, this baseline was established before
the project baseline that was reported to Congress. In addition, 9 of these
projects experienced significant cost growth in excess of 15 percent, the
point at which NASA is required to notify the Congress that a project has
exceeded the threshold for reporting. See table 3.

________________________________________________________________________________________________________________________|
Table 3: Cost Growth from Confirmation for Selected Major NASA Projects That Established Baselines Prior to Fiscal Year
2009 (dollars in millions)

Development cost

Project Baseline Current Difference Change (%)
Aquarius $193.0 $227.3 $34.3 17.8
Dawn $198.0 $266.4 $68.4 34.5
GLAST $384.0 $418.8 $34.8 9.1
Glory $159.0 $337.6 $178.6 112.3
Herschel $95.0 $126.7 $31.7 33.4
Kepler $313.0 $388.7 $75.7 24.2
LRO $421.0 $451.3 $30.3 7.2
MSL $969.0 $1,802.0 $833.0 86.0
NPP $513.0 $780.1 $267.1 521
OCO $187.0 $230.2 $43.2 23.1
SDO $597.0 $667.0 $70.0 1.7
SOFIA $306.0 $1,128.4 $822.4 268.8
WISE $192.0 $191.8 -$0.2 -0.1
Average $191.5 54.99
Total development cost $4,527.0 $7,016.3 $2,489.3

Source: GAO analysis of NASA data.

Note: “Baseline” refers to the cost baseline established when the project was confirmed.

If the changes that NASA continues to implement to improve its acquisition
management have their intended impact, we would expect to see
improvements over time to the overall performance of the portfolio of

2 These 13 projects include 5 projects reviewed this year and 8 projects from our previous
reports in this series. The projects are of analytical interest because (1) they are or were in
the implementation phase and (2) their baselines are old enough to begin to track variances.
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Observations from
Our Assessment of
Knowledge Attained
by Key Junctures

in the Acquisition
Process

projects in maintaining cost and schedule baselines established at their
confirmation reviews.

Many of NASA's projects are one-time articles, meaning that there is little
opportunity to apply knowledge gained to the production of a second, third,
or future increments of spacecraft. While space development programs are
complex and difficult by nature and most are one-time efforts, NASA is still
responsible for achieving what it promises when requesting and receiving
funds. We have previously reported that NASA would benefit from a more
disciplined, knowledge-based approach to its acquisitions. For the projects
reviewed this year, we continue to identify projects that have not met best
practice standards for technology maturity and design stability and have
experienced challenges in development. These challenges were assessed
based on knowledge that, according to acquisition best practices, should be
attained at key junctures in the project life cycle to lessen the risks to the
project.

Technology Challenges

Projects experiencing technology
challenges
e Ares|

e Glory

* GPM

* GRAIL
e Juno

e JWST

* LADEE
e LDCM

¢ MMS

¢ MSL

* NPP

¢ Orion

* SOFIA

During the course of our review, we found that 13 projects had experienced
technology issues, such as a lack of technology maturity for both critical
and heritage technologies. Specifically, of the 18 projects that had
completed the preliminary design review—the point in time where best
practices say requisite technology maturity should be reached to lessen
risk—11 projects reported moving forward with immature technologies.*
Two other projects—MMS and NPP—reported issues with immature
technologies for instruments that were being developed by partners.

Our best practices work has shown that a technology readiness level

(TRL) of 6—demonstrating a technology as a fully integrated prototype

in a relevant environment—is the level of maturity needed to minimize
risks for space systems entering product development. For NASA, projects
enter development following the project’s preliminary design review and
confirmation review.?* NASA's systems engineering policy states that by the
preliminary design review a TRL of 6 is desirable prior to integrating a new
technology in a project.?> Technology maturity is a fundamental element

% The Ares I and Orion projects have completed their preliminary design reviews, but have
not yet held confirmation reviews.

% The “product development” stage in GAO’s knowledge-based approach is equivalent to
“implementation” in NASA’s life cycle.

% NASA Procedural Requirements (NPR) 7123.1A, NASA Systems Engineering Processes
and Requirements, Appendix G, paragraph G.19(b) (Mar. 26, 2007).
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of a sound business case, and its absence is a marker for subsequent
problems, especially as the project begins more detailed design efforts.?

Similarly, our work has shown that the use of heritage technology—
proven components that are being modified to meet new requirements—
can also cause problems when the items are not sufficiently matured to
meet form, fit, and function standards of the project that will be using it

by the preliminary design review.2” NASA frequently employs heritage
technologies that have to be modified from their original form, fit, and
function. NASA’s Systems Engineering Handbook states that particular
attention must be given to heritage systems because they are often used in
architectures and environments different from those in which they were
designed to operate. Further, the Handbook states that modification of
heritage systems is a frequently overlooked area in technology development
and that there is a tendency by project management to overestimate

the maturity and applicability of heritage technology to a new project.

Our work has shown, and NASA’'s own guidance concurs, that this is an
area that is frequently underestimated when developing project cost
estimates. Although NASA distinguishes critical technologies from heritage
technologies, our best practices work has found critical technologies to

be those that are required for the project to successfully meet customer
requirements, regardless of whether or not they are based on existing

or heritage technology. Therefore, whether technologies are labeled as
“critical” or “heritage,” if they are important to the development of the
spacecraft or instrument—enabling it to move forward in the development
process—they should be matured by the preliminary design review.

NASA is making progress with regard to adhering to best practices
standards for technology maturity at the preliminary design review as

the number of projects not meeting this criteria has decreased in recent
years. Nearly two-thirds of the projects in our current review, however,
do not meet this standard. See figure 3 for an analysis of projects that we
reviewed in the past 3 years that held their preliminary design review and
the percentage of those projects that moved into implementation with
immature technologies.

% Appendix III provides a description of the metrics used to assess technology maturity.

% Projects will modify the form, fit, and function of a heritage technology to adapt to the
new environment. For example, the size or the weight of the component may change or the
technology may function differently than its use on a previous mission.
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Figure 3: Percentage of Major NASA Projects That Moved into Implementation with
Immature Technologies at the Preliminary Design Review
Percent
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- Projects meeting technology maturity criteria
|:| Projects not meeting technology maturity criteria

Source: GAO analysis of NASA data.

Note: Totals may not add to 100 percent due to rounding.

Proceeding into implementation with immature technologies increases

a project’s risk of cost and schedule overruns. For instance, the MSL
project was given approval to move into the implementation phase despite
reporting that seven of its critical technologies were not mature at the
time of its preliminary design review. At the critical design review a year
later, three of the seven critical technologies had been replaced by backup
technologies with two of the seven were still assessed as immature,
including one of the replacement technologies. Challenges in development
contributed to the MSL project’s 26-month schedule delay and $834 million
increase in total life-cycle costs. In another example, one of Glory’s

main instruments—the Aerosol Polarimetry Sensor—was assessed as an
immature critical technology at the project’s preliminary design review,
yet the project was approved to proceed into implementation. Since then,
the project has experienced numerous issues with development of that
instrument, resulting in over a year delay in its delivery and a cost increase
to the project of over $100 million.
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Other projects in formulation are allocating extra time and funding in
order to mature critical technologies by their preliminary design review.
By investing in technology development early in the project, the project
may safeguard against some cost and schedule growth once it is in the
implementation phase. For example, two projects in the formulation
phase—ICESat-2 and Solar Probe Plus—have both allocated increased
time and funding for development of their multi-beam laser and sunshield
technologies, respectively, which should help to lessen risk to the projects
moving forward.

Finally, when analyzing the number of reported critical technology
development efforts by the projects in our review, we found four of

the 21 projects in our review reported no development of new critical
technologies, while another 8 projects reported development of only one
critical technology. Upon presenting this data to senior NASA officials, we
were told that it appears the projects did not accurately identify the number
of critical technologies they plan to develop and suggested that the projects
were only including technologies at the system level. We plan to continue to
work with NASA to ensure projects are accurately identifying their critical
technologies to assist NASA decision makers in assessing the readiness of
projects to move forward in their development life cycles.

Design Challenges

Projects experiencing design challenges

¢ Aquarius
e Glory

* GPM

e Juno

e JWST

e MAVEN
¢ MMS

¢ MSL

e NPP

e SOFIA

Ten of the 12 projects we reviewed that had held their critical design
review? —the point in time where best practices say requisite design
maturity should be reached to lessen risk—did not meet the best practices
criteria of having 90 percent engineering drawings releasable. See figure 4.

2 We were unable to determine design stability for the SOFIA project as some data was not
provided to us for review by NASA. According to project officials, the project documentation
did not transfer in its entirety from Ames Research Center to Dryden Flight Research Center.
In addition, we were unable to determine design stability for the MMS project as it did not
provide us with detailed drawing count data.
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_____________________________________________________________________________________________________________________________________________|
Figure 4: Percentage of Engineering Drawings Releasable at CDR for Selected NASA Projects

Percent releasable

100

90

80

70

60

50

40

30

20

10

0

Aquarius Glory GPM GRAIL Juno JWST LDCM MSL NPP 0CO0-2 RBSP TDRS
Projects that completed CDR

|:| Engineering drawings releasable at CDR
Best practices criteria

Source: GAO analysis of data provided by NASA.

We have previously reported that NASA's acquisition policy does not
specify a metric by which a project’s design stability is measured at

the critical design review.?? Guidance in NASA's Systems Engineering
Handbook, however, mirrors the best practices metric that at least 90
percent of engineering drawings should be releasable by the critical design
review. Discussions with project officials showed the metric was used
inconsistently to gauge design stability. For example, Goddard Space Flight
Center requires greater than 80 percent drawings released at the critical
design review, yet several project officials reported that the “rule of thumb”
for NASA projects is between 70 and 90 percent. As shown in figure 6
above, 7 of the 12 projects reported releasable engineering drawings of
less than 70 percent, lower than even the “rule of thumb” used by several
project managers. The 12 projects averaged having only 62 percent of

their engineering drawings releasable at their critical design reviews,

an increase from the less than 40 percent we reported last year. While

the average has improved, it is still well below the best practices metric.
Further, nearly all of the projects we reviewed over the last three years
held their critical design review without 90 percent of engineering drawings

% GAO-06-218 and GAO, NASA: Issues Implementing the NASA Authorization Act of 2010,
GAO-11-216T (Washington, D.C.: Dec. 1, 2010).
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being releasable—failing to meet NASA Systems Engineering Handbook
guidance and our best practices criteria for design stability.

Achieving design stability allows projects to “freeze” the design and
minimize changes in the future. An unstable design, on the other hand, can
result in costly re-engineering and re-work efforts, design changes, and
schedule slippage. The majority of the 12 projects that held their critical
design review had increases, in two cases well over 100 percent, to the
number of engineering drawings released after its critical design review.
According to NASA’s systems engineering policy, the critical design review
is when a project’s design is to be stable enough to support full-scale
fabrication, assembly, integration and test.** This is particularly evident

in projects in our review that held their critical design reviews prior to
fiscal year 2009, or projects that have more of a history to track variances.
As shown in figure 5 below, these four projects, on average, had a 107
percent increase in expected engineering drawings after the critical design
review after having only 36 percent of drawings releasable at that review.
The remaining eight projects have only recently held their critical design
review in fiscal year 2009 or later and have not reported a large increase in
expected drawings.

3 NPR 7123.1A, Appendix G, paragraph G.8 (Mar. 26, 2007).
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_____________________________________________________________________________________________|
Figure 5: Comparison of Design Drawing Increase for Projects with CDR prior to and
since Fiscal Year 2009
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Source: GAO analysis of data provided by NASA.

Some of the projects we reviewed in the past 3 years pointed to other
activities that occurred prior to the critical design review as evidence of
design stability. In addition to releasable engineering drawings, NASA
often relies on subject matter experts in the design review process and
other methods to assess design stability. For example, the Standing
Review Board®' provides an expert assessment of the technical and
programmatic approach, risk posture, and progress against the project
baseline at key decision points to be assured that the project has a stable
design. Furthermore, some projects reported using engineering models
and engineering test units to assess design stability. For example, an MMS
project official reported that the number of complete engineering test units
is as important, if not more so, than design drawings. By using engineering
models that are as flight ready as possible, MMS project officials reported

31 For KDP/milestone reviews, external independent reviewers known as Standing Review
Board (SRB) members evaluate the program/project and, in the end, report their findings
to the decision authority. For a program or project to prepare for the SRB, the technical
team must conduct its own internal peer review process. This process typically includes
both informal and formal peer reviews at the subsystem and system level. NASA Systems
Engineering Handbook, paragraph 6.7.2.1 (Dec. 2007).
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that they can see where problems are and better identify risks. In addition, a
GPM project official said that the lack of releasable drawings at the critical
design review did not have a serious impact in terms of design stability as
testing was almost complete on the engineering test units and flight units
were already designed and ready to begin manufacturing. The Juno project
released only 39 percent of engineering drawings at its critical design
review and project officials reported that they used engineering models for
all instruments to demonstrate design maturity at CDR rather then released
engineering drawings. The Juno project, however, experienced a 46 percent
increase in expected number of engineering drawings after its CDR,
indicating that the design was not stable.

As mentioned above, NASA does not use a common measure to assess
design stability before allowing programs to move from the design phase

to the test and integration phases of the development process. Our studies
and others have found that significant cost growth occurs in these phases
and, in some instances, has tied these problems to issues related to design.
Moreover, a recent study by the National Research Council®®> found that
the critical design review milestone for many NASA missions may be held
prematurely—driven by schedule rather than driven by design maturity.
Regardless of how stability is measured, common quantitative measures
employed at critical design review, such as percentage of engineering
drawings that are in a releasable state, can provide evidence that the design
is stable and provide assurance that it is mature and will meet performance
requirements. These measures can also be an indication to decision makers
that the requisite knowledge has been attained to allow the project to
proceed in its development lifecycle and better enable them to assess the
performance of individual projects against the overall portfolio of projects.

Observations on
Other Challenges That
Can Affect Project
Outcomes

In addition to collecting and analyzing data on the attainment of knowledge
at key junctures, we collected and assessed data on five additional areas
that can present challenges to obtaining positive project outcomes,
including: funding, launch vehicle, development partners, parts, and
contractor management. Challenges with contractors did not present as big
a challenge to projects covered by this review compared to previous
reports, but continues to warrant monitoring by the projects and other
decision makers as a common area that can impact project execution. The
degree to which each area challenged project execution varied, and in most

3 The National Academies, National Research Council, Controlling Cost Growth of NASA
FEarth and Space Science Missions (Washington, D.C. 2010).
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instances, we did not designate any specific challenge as a primary factor
for cost and/or schedule growth.

Funding Challenges

Projects experiencing funding challenges

¢ Aquarius
e Ares|

e Glory

* GPM

o JWST

e Orion

e SOFIA

Projects that received ARRA funding

¢ Aquarius
e Ares|

e Glory

¢ GPM

¢ |CESat-2
o JWST

e LDCM

¢ OCO-2
e Orion

¢ SMAP

Matching funding to requirements is critical to the success of complex
acquisitions, yet it is often insufficient in government acquisitions. Agencies
tend to start more projects than can be afforded and often have to make
cuts in budgets after programs begin in order to address cost increases in
highly problematic efforts. Several studies have highlighted this issue with
NASA and NASA’s administrator recently stressed the need to ensure that
projects are affordable before they are started. This year, we identified three
projects that faced significant cost and schedule problems because their
original funding did not align with program plans. These include JWST, Ares
I, and Orion and they represent some of NASA’s largest investments. In
addition, we identified 10 projects that received unanticipated funding from
the American Recovery and Reinvestment Act of 2009.3 This event was an
anomaly, and according to NASA officials, it carried with it restrictions and
requirements that narrowed the scope of projects it could be applied to and
required additional administrative work, which initially dissuaded some
projects and contractors from accepting the funds. Nevertheless, the
stimulus funding enabled NASA to mitigate the impact of cost increases
being experienced in its largest projects and to also address problems being
experienced in other projects. In several cases, NASA took advantage of the
funding to build additional knowledge about technology or design before
key milestones.

According to NASA officials and independent reviews, the projected
budgets for JWST, Ares I, and Orion were inadequate to perform work

in certain fiscal years. In November 2010, an independent review panel
concluded the JWST budget baseline accepted at the confirmation review
did not reflect the most probable cost with adequate reserves in each year
of project execution. This resulted in a project that was not executable
within the budgeted resources. According to the review, the project was
able to stay within its yearly budget allocation by deferring planned work
in the budget year to future years. This approach was an ineffective control
measure as costs were postponed and funded from a subsequent year’s
allocation at a cost that was typically two- to three-times higher because
of the impact of the deferrals on other work. Further, the panel estimated
that the project will need an additional $1.4 billion or more for an earliest
launch date of September 2015—$500 million of which will be needed in
fiscal years 2011 and 2012. Also, as we have reported previously, NASA
initiated the Constellation program relying on the accumulation of a

3 Pub. L. No. 111-5.
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large rolling budget reserve in fiscal years 2006 and 2007 to fund program
activities in fiscal years 2008 through 2010.3* This poorly phased funding
plan diminished both the Ares I and the Orion projects’ ability to deal
with technical problems and funding shortfalls in 2010, and, in part, led
the President to propose cancellation of the program in the fiscal year
2011 budget submission. An independent review commissioned by the
Administration also found that the Ares I and the Orion programs did not
have budget profiles that matched the work that needed to be done.

With regard to the American Recovery and Reinvestment Act of 2009
(ARRA), 10 projects used these additional funds to offset existing funding
issues, such as covering the cost of delays or averting “stop work” orders to
contractors, or to lessen risk by initiating or further enhancing technology
development efforts and long-lead procurements that otherwise would not
have funded at that time. The Science Mission Directorate conducted an
extensive analysis on how best to utilize the funding, because officials told
us that these additional funds would not necessarily alleviate all technology
development or other schedule delays, and in some cases the funds would
have no impact. See table 4 below for the NASA projects in our review that
received this funding and how these funds were used.

3 GAO, NASA: Constellation Program Cost and Schedule Will Remain Uncertain Until a
Sound Business Case is Established, GAO-09-844 (Washington, D.C.: Aug. 26, 2009).
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Table 4: ARRA Funding for Reviewed NASA Projects

ARRA funds

Project (in millions) Use of Funds

Ares | $102.4  To manufacture and assemble engine components for development testing, completion of a
test stand, and preparation for test operations.

Aquarius $8.6  To maintain the current workforce through the planned launch.

Glory $16.0  To maintain the current workforce through the planned launch.

GPM $32.0 To accelerate construction of the GPM Microwave Imager (GMI) instrument to ensure the
core spacecraft is successfully launched at the earliest possible opportunity.

ICESat-2 $20.4  To mature the micro-pulse laser designs.

JWST $75.0  To maintain workforce levels and achieve the earliest possible launch date.

LDCM $63.4  To initiate development of the thermal infra-red sensor (TIRS).
Other LDCM development.

0CO-2 $18.0 To acquire long lead components for the spacecraft and facilitate instrument development in
order to accelerate and enable the earliest possible OCO-2 launch.

Orion $165.9  To avoid workforce reductions and mitigate technical challenges with its launch abort system,
landing parachutes, solar arrays, heatshield, and propulsion systems.

SMAP $64.0 To procure long lead components and conduct component level preliminary design reviews

in order to accelerate the launch date.

Source: GAO presentation of data provided by NASA.

Launch Vehicle Challenges Eight of 21 projects in our review have experienced challenges with launch
Projects experiencing launch vehicle vehicles. The primary concern is the retirement of the Delta II medium
challenges launch vehicle. Over the past decade, NASA has launched about 60 percent

of its science missions on the Delta II. NASA plans to continue to use the

* Glory Delta II as a launch vehicle for three remaining science missions—Aquarius,

* GRAIL GRAIL, and NPP—the last of which is currently scheduled to launch in

* ICESat2 October 2011. These projects have identified risks associated with the last

* LADEE flights, such as the availability of workforce and spare parts that the

: '\N/I:;/EN projects, along with NASA's Launch Services Program, have taken steps to
mitigate.

« SMAP

e SPP

Our recent work on NASA’s transition plans for future medium launch
vehicles indicates that emerging NASA science missions will face increased
risks until new vehicles are certified.*® NASA science missions requiring a
medium class launch vehicle that are approaching their preliminary design
review face uncertainties committing to as-yet uncertified and unproven
launch vehicles that will eventually replace the Delta II. Several missions,
including the SMAP and ICESat-2 missions are approaching the point in the

% GAO, NASA: Medium Launch Transition Strateqy Leverages Ongoing Investments but Is
Not Without Risk, GAO-11-107 (Washington, D.C.: Nowv. 22, 2010).
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development lifecycle where it is optimal to finalize a decision on launch
vehicle. NASA plans to fill the gap left by the retirement of the Delta II by
eventually certifying the Falcon 9 and Taurus II vehicles® for use by NASA
science missions in the relative cost and performance range of the Delta
II. This approach, however, is not without risk as these vehicles are largely
unproven. In a recent report, we recommended that NASA perform detailed
cost estimates to determine the likely costs of certification of these new
vehicles and provide adequate budgeting for the risks associated with

this approach.?” NASA concurred with this recommendation and agreed
to provide cost estimates for certification and the resolution of technical
issues during certification of the Falcon 9.

Other launch challenges beyond the Delta II transition affected projects in
our review this year. For example, the Taurus XL, which failed during the
launch of OCO, was scheduled to return to flight in late 2010 for the Glory
mission. NASA and the Taurus XL launch vehicle contractor were operating
under constrained timelines to complete Taurus XL return to flight
activities; however, the Glory project experienced technical challenges that
led the project to delay the launch from November 2010 to February 2011,
providing enough time to address return to flight activities. A malfunction in
the ground support equipment associated with the Taurus XL launch vehicle
has subsequently delayed launch of the Glory project until March 2011.

Development Partner
Challenges

Projects experiencing development
partner challenges

e Aquarius

* GPM

e Juno

e LDCM

* MMS

* NPP

Six projects reported challenges with international or domestic
development partners not meeting project commitments within planned
resources. Project officials reported several reasons why development
partners were unable to fulfill their obligations, including a lack of
experience in producing spacecraft and the lack of adequate funding. For
example, delays in the development of the spacecraft bus by Argentina’s
National Committee of Space Activities was identified as the reason for the
Aquarius project’s 15 percent development cost increase and 18-month
schedule slip that NASA reported to the Congress in February 2010. Since
that time, the project has determined that the launch will be delayed by at
least another 5 months for a total delay of 23 months. Project officials said
that while Argentina’s National Committee of Space Activities is technically
competent, it lacks experience in managing spacecraft production projects.
Aquarius project officials estimate the cost impact of these delays to be
approximately $35 million. In addition, projects also experienced challenges

3 NASA provides funding to SpaceX and Orbital to help offset International Space Station-
related development costs of the Falcon 9 and the Taurus II, respectively. The Falcon 9 and
Taurus II are intended to be medium class launch vehicles.

5T GAO-11-107.
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related to development partners’ providing adequate funding for their
contributions. For example, the GPM project identified a project risk that
their international development partner, the Japanese Space Agency, may
be unable to fund needed launch support services as originally planned.

In the past 3 years, we reviewed 13 projects that established their baseline
prior to fiscal year 2009. As shown in table 5, the average schedule delay
from their baselines is 17.6 months for the projects with foreign or
domestic development partners, but 10.6 months for projects that had no
development partner.

________________________________________________________________________________________________________________________|
Table 5: Schedule Growth for Selected NASA Projects with and without Development Partners Baselined before 2009

Baseline Launch delay Projects Baseline Launch delay
Project with partners (FY) (months) without partners (FY) (months)
Dawn 2007 0 Kepler 2007 9
GLAST 2007 9 SDO 2007 18
Herschel 2007 21 Glory 2008 21
LRO 2008 8 OCO 2008 5
NPP 2007 42 WISE 2008 1
SOFIA 2007 12
Aquarius 2008 23
MSL 2008 26
Average 17.6 10.6

Source: GAO analysis of NASA data.

Although the cost and schedule growth for some of the projects that have
development partners can be attributed to other challenges, for example
technology or design issues, there are instances where the performance
of the development partners was the primary factor of cost and schedule
growth. For example, the Aquarius, NPP, and Herschel projects all
experienced significant delays as a direct result of issues related to their
development partners.
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Parts Challenges

Projects experiencing parts challenges

¢ Glory

e Juno

* LADEE

e LDCM

¢ MSL

¢ OCO-2

* RBSP

¢ TDRS Replenishment

While most of the projects in our assessment reported challenges related to
parts quality or availability, eight projects this year experienced an impact
to their cost or had to make alterations to their schedules as a result of the
challenges. According to NASA officials, parts problems are not uncommon
for projects, and NASA’s testing process is designed to identify parts failures
at the component, subsystem, and system level before they lead to mission
failure. For example, a parts quality problem discovered during the testing
and integration of the Glory project resulted in an additional $61million in
cost and delayed the project by 17 months. The project had to replace the
printed wiring board of the spacecraft’s single board computer due to
reliability problems with the original board. In addition, the project recently
discovered excessive wear of the slip ring assembly in the solar arrays,
resulting in an additional 3-month launch delay. The MSL project
experienced a part failure associated with the transition joints in the
propulsion system that caused the joints to fail under load. Project officials
reported that this issue was realized after the project finished building its
propulsion system, causing the project to rebuild the system and adopt a
new joint design. The transition to the new design required rework and
retest of the descent and cruise stages.

NASA centers work together and communicate potential systemic issues
with parts. For example, parts personnel at Goddard Space Flight Center
maintain a center-level parts database, which links to the agency-wide
Government Industry Data Exchange Program alert system.?® GAO has an
on-going assessment of parts quality across the government space sector
and will be reporting in spring 2011 on actions being taken by NASA and
other agencies to prevent and mitigate such problems.

Contractor Management

Challenges

Projects experiencing contractor
management challenges

¢ Glory

e Juno

o JWST

¢ Orion

* RBSP

¢ SOFIA

Five projects in implementation and one project in formulation reported
experiencing contractor challenges, including not completing work on time,
not identifying risks for the project, and inadequate oversight. Contractor
management challenges have been reported for a greater number of
projects and with a greater impact for projects in past reports. Although the
impact of this challenge on projects we reviewed this year has diminished,
as contractors spend about 85 percent of NASA’s annual budget, their
performance is critical in terms of achieving the success of many NASA
missions. As a result, we continue to identify this area as a common project
challenge that can contribute to cost and schedule growth.

3 Government Industry Data Exchange Program (GIDEP) is a partnership between
Government Agencies and Industry to share scientific and technical information through
an on-line web-enabled database. GIDEP alerts report a problem with parts, components,
materials, specifications, software, manufacturing processes, or test equipment that can
cause a functional failure.
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In one case, RBSP project officials are expecting the delivery of the
Magnetic Electron Ion Spectrometer instrument to be delayed due to

the time a vendor is taking in providing needed flight hardware for the
instrument. Consequently, the project has re-planned the schedule to
accommodate the late delivery and integration of the instrument. This
re-plan maintains the launch readiness date by reordering the observatory
integration and test flow and changing selected subsystem and instrument
delivery dates.

In another example, an independent review panel found that the JWST
project did not have staff resident at the prime contractor facility to help
avoid surprises, especially since the contract represented approximately
half of the JWST project’s budget. The panel said that this is a normal
practice and is done for other projects at Goddard Space Flight Center.
Further, while project officials told us that the project’s prime contractor
and one of the subcontractors came forward after confirmation with large
cost increases that the contractor had not previously identified as risks,
the panel found that these risks had been identified and that the project
had asked the prime contractor to submit them in a formal proposal before
they could be recognized as risks. GAO has ongoing work to review NASA’s
contractor surveillance and oversight practices and will issue a report later
in 2011.

Observations about In response to GAO’s designation of NASA’s acquisition management as a
, . high risk area,” NASA developed a corrective action plan to improve the
NASAS Contlnued effectiveness of its program/project management.** The plan identifies five
Efforts to Improve areas for improvement—program/project management, cost reporting
s sge process, cost estimating and analysis, standard business processes, and
Its ACQUISIUOII management of financial management systems—each of which contains
Management targets and goals to measure improvement. As part of this initiative, the
agency is continuing its implementation of a new cost estimating tool, the
Joint Cost and Schedule Confidence Level, to help project officials with
management, cost and schedule estimating, and maintenance of adequate
levels of reserves. In addition to the corrective action plan, NASA is in the
process of implementing Earned Value Management within certain
programs and specific in-house efforts to help the projects monitor the
scheduled work done by its contractors and employees; however, this
management tool has not yet been institutionalized within the NASA
Centers. These two efforts, in addition to other improvements NASA is

3 GAO, High-Risk Series: An Update, GAO-07-310 (Washington, D.C.: Jan. 2007).

4 National Aeronautics and Space Administration, Plan for Improvement in the GAO High-
Risk Area of Contract Management (Oct. 31, 2007).
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making to address acquisition management, are positive steps toward
addressing NASA’s issues with meeting cost and schedule baselines. It is,
however, too early to assess their impact on NASA's performance.
Additionally, NASA’s progress could be hindered by the continued lack of a
consistent measure for ensuring design stability as well as little
transparency with regard to costs for projects in the early, critical phases of
development, both of which are key to ensuring that internal and external
decision makers are well informed. We recently raised both issues as
potential impediments to success in congressional testimony and plan to
recommend improvements in a separate report.*!

Joint Cost and Schedule
Confidence Levels Being
Implemented

NASA’s Joint Cost and Schedule Confidence Level (JCL) initiative, adopted
in January 2009, is a point-in-time estimate that includes, among other
things, all cost and schedule elements, incorporates and quantifies known
risks, assesses the impacts of cost and schedule to date, and addresses
available annual resources. The primary goals of the JCL are to help project
officials with management, cost and schedule estimating, and maintenance
of adequate levels of reserves; provide assurance to stakeholders that NASA
will meet cost and schedule targets; and to provide transparency on the
effects of funding changes on the probability of meeting cost and schedule
commitments. NASA requires that a JCL be developed prior to the
confirmation review. NASA policy also requires that projects be baselined
and budgeted at the 70 percent confidence level and funded at a level
equivalent to at least the 50 percent confidence level for the project.*
According to NASA officials, this would include reserves held at the
directorate and project level. The total amount of reserves held at the
project level varies based on where the project is in its life cycle. The
reserves represent the amount of estimated costs that are not allocated to
the specific project sub-elements. See figure 6 for a visual depiction of this
funding allocation.

4 GAO, Additional Cost Transparency and Design Criteria Needed for National
Aeronautics and Space Administration (NASA) Projects, GAO-11-346R (Washington, D.C.:
Mar. 3, 2011).

42 NASA Policy Directive 1000.5A, Policy for NASA Acquisitions, paragraphs 1(h)(1)(a) and
1(h)(2) (Jan. 15, 2009).
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Figure 6: Notional Allocation of Reserves under the 70 Percent Confidence Level
Funding Requirements

Probability (confidence level) of meeting cost target

100

Amount NASA
budgets for

70

50

——Muission directorate
| or program reserves

Project—
reserves

Cost estimate
Source: GAO analysis of NASA policy.

Note: The amount of project reserves varies as the project moves through its life cycle.

NASA’s Associate Administrator for the Science Mission Directorate
indicated that adoption of the new JCL process will reduce NASA's portfolio
because the cost estimating will be more accurate at the 70 percent
confidence level, reflecting higher costs from the outset to avoid higher
cost overruns in the future, and as a result, NASA will have fewer dollars
available to start new projects.

Five out of the 21 projects* in our review have recently completed the
JCL process, and several others are in the process of conducting a JCL
analysis. NASA is still in the process of refining the tools used to create
the JCL based on feedback from the projects. As NASA evolves its cost
estimation processes and as we continue to conduct our reviews of the
projects that have gone through the JCL process, we can better assess the
impact this initiative has on the projects’ ability to meet cost and schedule
commitments and to address potential cost and schedule drivers.

4 Seven of the 21 projects were not required to complete the JCL process at the time of our
review.
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Implementation of Earned
Value Management at
NASA Centers in Progress

Earned value management (EVM) is a program management tool that
integrates the technical, cost, and schedule parameters of a contract and
uses those parameters to measure cost and schedule variances. During our
review, we found that implementation of earned value management is
occurring within 11 projects and earned value data is reported by projects
on a monthly basis to upper level project management. While earned value
management is being used by these projects, it is not yet clear it is being
used consistently by the projects as a tool for managing cost and schedule.
According to a briefing from the NASA Advisory Council’s Audit, Finance,
and Analysis Committee, NASA’s goal is to develop and deploy an agency-
wide EVM capability that is compliant with generally accepted standards.*
At this time, only the Jet Propulsion Laboratory, a federally funded research
and development center and not a NASA Center, has a compliant system.

If implemented appropriately, EVM provides objective reports of project
status, produces early warning signs of impending schedule delays and
cost overruns, and can identify specific development efforts contributing

to those overruns. For example, MSLs June 2010 EVM report identified the
avionics and actuators as the primary drivers of the project’s cost overruns.
In particular, the data showed that ongoing unplanned technical issues with
three of the heritage avionics technologies would likely result in a cost
overrun of $11.5 million. More consistent use of this management tool could
help address the project challenges identified earlier in this report that
threaten the project’s cost and schedule during project development. The
EVM data we received from NASA was not received in a timely manner and
was incomplete. As a result, we were unable to perform a detailed analysis
by project to provide our own determination of whether the information
provided by the contractors is accurate and could be relied on by the
projects and management as a tool to assess progress. We plan to conduct
a more thorough analysis of EVM data in ongoing work and in future
iterations of this work.

Transparency and
Accountability Not
Sufficient to Support
Oversight

NASA’s initiatives aimed at improving cost estimating and management
oversight are positive steps. However, we recently testified that NASA does
not provide enough transparency during early project development to
provide Congress with sufficient information to conduct oversight and
ensure earlier accountability.*” Currently, NASA does not share cost and
schedule information for projects in the early, critical phases of
development and only makes this information public after the projects have

“ American National Standards Institute/Electronic Industries Alliance Standard, Earned
Value Management Systems, ANSI/EIA-748-B-2007 approved July 9, 2007.

5 GAO-11-216T.
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been formally approved to enter implementation. Projects establish
preliminary cost estimates in the formulation phase. These estimates,
however, are for planning purposes only as they enable NASA decision
makers to better manage the overall portfolio of projects. NASA does not
report deviations from these preliminary estimates to the Congress. In
addition, NASA does not report information on what has been spent to date
on the projects in formulation, as it does in its annual budget submission for
projects in implementation. To add some perspective to this timing, neither
the Ares I nor Orion projects has reached the implementation phase, despite
having spent over $9 billion dollars combined; and JWST just reached this
point in 2008, despite having spent nearly $2 billion before then.

Despite the absence of publicly reported cost and schedule baselines to
measure the progress of the project, cost growth and schedule delays can
and do occur during the formulation phase. NASA’s internal analysis of
past projects indicates that there is an average of 14 percent growth in the
development cost estimates during the formulation phase. While there is a
need to allow projects a period of time for discovery and to pursue different
concepts—particularly highly complex efforts such as JWST—inadequate
transparency into their progress for what sometimes amounts to 5 or more
years can preclude effective oversight and accountability and make it even
more difficult to stop projects that are not on track to meet the agency’s
goals with available resources. Additional insight to costs could better
enable Congress to make more informed decisions when approving the
projects through the annual appropriations process.

In addition, a recently released report from the Independent Comprehensive
Review Panel* concerning problems affecting the JWST program
concluded that significant changes are still needed in NASA's oversight
and accountability functions to ensure that programs base their decisions
on sound knowledge. The panel noted that NASA’s governance policy

is inconsistent with accountability for project execution. In particular,

the panel found that a lack of clear lines of authority and accountability
contributed to a lack of executive leadership in resolving the broken JWST
life-cycle cost baseline. Additionally, the study found that JWST’s flawed
budget should have been discovered as part of the Goddard Spaceflight
Center’s execution responsibility, but the interpretation of the agency’s
governance policy on the role of the center in this regard is ambiguous and
not interpreted uniformly within NASA. As a result, the report noted that

4 Jet Propulsion Laboratory, James Webb Space Telescope (JWST) Independent
Comprehensive Review Panel (ICRP): Final Report, JPL D-67250 (Pasadena, Calif.: Oct.29,
2010).
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Project Assessments

ongoing, regular independent assessment and oversight processes at the
agency are missing.

The 2-page assessments of the projects we reviewed provide a profile of
each project and describe the challenges we identified this year, as well as
challenges that we have identified in the past. On the first page, the project
profile presents a general description of the mission objectives for each of
the projects; a picture of the spacecraft or aircraft; a schedule timeline
identifying key dates for the project; a table identifying programmatic and
launch information; a table showing the current baseline year cost and
schedule estimates and the February 2011 cost and schedule data; a table
showing the challenges relevant to the project; and a project summary
narrative. To maintain information on challenges the projects experience
over their lifetime, we continued to identify project challenges that were as
previously reported. On the second page of the assessment, we provide an
analysis of the project challenges and the extent to which each project faces
cost, schedule, or performance risk because of these challenges. NASA
project offices were provided an opportunity to review drafts of the
assessments prior to their inclusion in the final product, and the projects
provided both technical corrections and more general comments. We
integrated the technical corrections as appropriate and characterized the
general comments below the project update. See figure 7 below for an
illustration of the layout of each 2-page assessment.
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Figure 7: lllustration of Project 2-Page Summary
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@®  Schedule timeline identifying key dates for the project including when project with regard to the challenges identified
the project began formulation, major design reviews, confirmation to
begin the implementation phase, and scheduled launch readiness @ Project Update Analysis of project challenges and the extent to which
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@® Project Essentials Programmatic information including the responsible challenges
NASA center, international or domestic partners, major contractors, and
launch information @ Project Office comments General comments provided by the

cognizant project office
® Project Performance Cost and schedule baseline estimates and the
latest estimate updates as of February 2011

Source: GAO analysis.
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Common Name: Aquarius

Aquarius

Aquarius is a satellite mission developed by NASA
and the Space Agency of Argentina (Comision
Nacional de Actividades Espaciales, CONAE) to
investigate the links between the global water cycle,
ocean circulation, and the climate. It will measure
global sea surface salinity. The Aquarius science
goals are to observe and model the processes that
relate salinity variations to climatic changes in the
global cycling of water and to understand how these
variations influence the general ocean circulation. By
measuring salinity globally for 3 years, Aquarius will
provide a new view of the ocean’s role in climate.

Source: Aquarius Project Office (artist depiction).

Formulation Implementation
A A A A A A
Formulation Preliminary Project Critical design GAO Launch
start design review confirmation review review readiness date
(12/03) (6/05) (9/05) (9/06) (12/10) (6/11)
Project Essentials Project Performance
NASA Center Lead: Jet Propulsion Laboratory (JPL)* (then year dollars in millions)
International Partner: Argentina's National Committee of Baseline Est. Latest
Space Activities (CONAE) (FY 2008) (Feb.2011) Change
Major Contractors: In-house development
J ise cevelop Total Project Cost  $241.8 $279.0  15.4%
; Formulation Cost $35.5 $35.6 0.3%
Projected Launch Date: June 2011
Launch Location: Vandenberg AFB, Calif, Development Cost  $192.7 $227.3  18.0%
Launch Vehicle: Delta Il Operations Cost $13.6 $16.1 18.4%
Mission Duration: 3 years for Aquarius mission
5 years for SAC-D (CONAE) mission Launch Schedule 7/2009 6/2011 23 months

*JPL is a federally funded research and development center

Recent/Continuing Project Project Summary

Challenges The launch of Aquarius has been delayed from the July
2009 baseline to June 2011 because of delays in CONAE’s
spacecraft development and problems with the propulsion
system thrusters. The launch delay, which added costs
Previously Reported Challenges to the project, prompted NASA to report to the Congress

in February 2010 that the Aquarius project exceeded its
development cost and schedule baselines by 15 percent
and more than 6 months, respectively. NASA completed its
development of the Aquarius instrument, which is currently
being integrated with the Argentine-developed spacecraft.
Project officials estimated the cost of the past schedule slips
to be about $35.5 million.

> Development Partner Issues

> Funding Issues

> Design Stability
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Common Name: Aquarius

Aquarius
Project Update

NASA reported to Congress in the agency’s fiscal year 2011 budget estimates that the Aquarius mission’s
development costs had grown by 15 percent from its 2008 baseline. Additionally, the project’s current June
2011 launch date represents a 23-month schedule slip. These cost and schedule overruns are due to delays
by the international partner.

Development Partner Issues: According to project officials and budget documents, delays in the
development of the spacecraft bus by CONAE were responsible for the 15 percent development cost
increase and 18-month schedule slip that NASA reported to Congress in February 2010. Since that time,

the project has determined that the launch will be delayed by another 5 months to June 2011, for a total
delay of 23 months. To facilitate the work of its partners, the Jet Propulsion Laboratory (JPL) project team
said that it appointed a chief mission engineer to help facilitate upcoming tests and reviews; however, JPL
officials stated that they have not had full access to INVAP, CONAE’s prime contractor, due to contractual
agreements between INVAP and CONAE. Additionally, CONAE was responsible for flying the instrument to
Vandenberg Air Force Base for launch but could not find a viable commercial aircraft. Project officials said
that they are working with the U.S. Air Force to secure a no-cost flight for the integrated satellite, but may
have to pay for the flight at a cost of approximately $1 million.

Funding Issues: Since no funds are being exchanged between the U.S. and Argentina for this project,

NASA bears the costs it incurs associated with any schedule delays. Project officials told us that all of the
project’s contingency reserves have been eroded due to past schedule delays with the spacecraft bus as

well as current schedule delays associated with the SAC-D instruments being provided by CONAE. These
schedule slips increased NASA’s costs by an estimated $35.5 million in the past. Project officials stated that
the primary cost driver associated with the launch delay is staffing costs, estimated to be approximately $4.9
million. Further, the project received $8.6 million under the American Recovery and Reinvestment Act of
2009 that was used to maintain the current Aquarius workforce through launch.

Other Issues to be Monitored: During thermal vacuum testing on the spacecraft bus, INVAP discovered

a problem with the spacecraft’s propulsion systems thrusters that has contributed to delaying the launch
until June 2011. After an analysis of the Dual Thruster Module, the Aquarius/SAC-D team determined that
the problem was likely due to one or more procedural issues in the test process at the manufacturer or its
vendor. Refurbishment of all of the Dual Thruster Module flight units is complete and the flight units were
re-integrated with the observatory. INVAP planned to complete integration and testing by November 2010.

Project Office Comments

The Aquarius project provided technical comments to a draft of this assessment, which were incorporated
as appropriate. The project officials also commented that NASA and CONAE will continue to work together
to meet the earliest possible launch date.
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Common Name: Ares |

Ares | Crew Launch Vehicle

NASA’s Ares I Crew Launch Vehicle was designed to
carry the Orion Crew Exploration Vehicle into low
Earth orbit for missions to the International Space
Station and the Moon as part of the Constellation
Program. The mission of the Ares I project was to
deliver a safe, reliable, and affordable launch system
with a 24.5-metric ton lift capability.

Source: Ares Projects Office.

Formulation Implementation
A A A A A
Formulation Preliminary GAO Critical design Launch
start design review review review readiness date
(09/05) (9/08) (12/10) (9/11) (3/15)
Project Essentials Project Performance
. then year dollars in millions
NASA Center Lead: Marshall Space Flight Center ( y in millions)
Partners: None Latest
(Feb. 2011)

Major Contractors: Alliant Techsystems, Pratt and Whitney

Rocketdyne, Boeing Preliminary Estimate of

Project Life Cycle Cost* $17,000 to $20,000

Projected Launch Date: March 2015 *This estimate is preliminary, as the project is in formulation
Launch Location: Kennedy Space Center, Fla. and there is still uncertainty in the value as design options
Launch Vehicle: Ares | are explored. NASA uses these estimates for planning

purposes. This estimate is for the Ares | vehicle only.
Mission Duration: N/A

Launch Schedule 3/2015

. . Project Summary
Recent/Continuing Project

Challenges The President’s fiscal year 2011 budget proposed
cancellation of the Ares I project leading to uncertainty,
both financial and programmatic, within the project. Given
> Technology Issues constrained resources, the project prioritized work and did
not accomplish some of the work originally planned for
2010; however, it successfully tested Development Motor 2
to gain data on project elements. In early fall 2010, Congress
passed the NASA Authorization Act of 2010 directing NASA
to develop a space launch system and crew vehicle for
missions utilizing existing Ares I contracts and capabilities
to the extent practicable.

> Funding Issues
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Common Name: Ares |

Ares | Crew Launch Vehicle
Project Update

The President proposed cancellation of the Constellation Program, including the Ares I project, in the

fiscal year 2011 budget request. This proposal led to much debate within Congress and uncertainty, both
financial and programmatic, within the project. As a result, the project prioritized work for the year and did
not complete some of the work originally planned for 2010. In early fall 2010, Congress passed the NASA
Authorization Act of 2010, which directed NASA to develop a space launch system and crew vehicle for
missions to near earth orbit and regions of space beyond low-Earth orbit no later than December 2016. In
developing this vehicle, Congress directed the agency to extend or modify existing vehicle development and
associated contracts to the extent practicable.

Funding Issues: The Ares I project received over $102 million under the American Recovery and
Reinvestment Act of 2009 (ARRA) that was used to manufacture and assemble engine components for
development testing, completion of a test stand, and preparation for test operations. However, project
officials explained that due to a series of budgetary constraints for the first 4 months of fiscal year 2010 that
roughly offset the amount gained from the ARRA funding, the project could not perform all of its originally
planned work. While initially parts of the project were able to maintain momentum, termination liability
issues identified in June 2010 caused the three project prime contractors to stop certain portions of the
work on their respective contracts. At this time, the project redirected its funding to activities that would
potentially benefit NASA’s goals and objectives beyond the current fiscal year. For example, in August 2010,
the project successfully tested Development Motor 2 (DM-2). The DM-2 test was conducted to gain data on
project elements tested including the redesigned rocket nozzle, new insulation, and the motor casing’s liner.
According to project officials, the project was flexible in its planning while it maintained the program of
record during fiscal year 2010.

Technology Issues: The Ares I project has been working to mitigate several challenges related to the
development of heritage technology. However, given the funding uncertainty that has surrounded

Ares I, the project has been unable to implement the mitigation strategies. For example, last year, NASA
identified thrust oscillation as a technical issue. Thrust oscillation, which causes shaking during launch

and ascent, occurs in some form in every solid rocket engine. Computer modeling indicated that there was
a possibility that the magnitude and frequency of thrust oscillation within the first stage would be outside
the limits of the Ares I design and could cause excessive vibration in the Orion capsule and threaten crew
safety. According to project officials, the project plans to mitigate the risk by adding damper and isolation
techniques at the interface between the launch vehicle and the Service Module. However, this risk cannot
be closed until funding is obtained to implement the mitigation strategy. Furthermore, vibroacoustics—the
pressure of the acoustic waves produced by the firing of the Ares I first stage and the rocket’s acceleration
through the atmosphere—continues to be a concern to the project. Vibroacoustics may cause unacceptable
structural vibrations throughout Ares I and Orion and force NASA to qualify components to higher vibration
tolerance thresholds than originally expected. According to the project, the global mitigation strategy for the
excessive vibration has been on hold due to budget constraints. The project is unable to finalize the design
without knowing the final configuration of the crew exploration vehicle. Finally, last year we reported that
analysis of the Ares I flight path also indicated that, under some conditions, the Ares I vehicle could hit the
launch tower during liftoff and the vehicle would need to be steered away from the launch tower or not
launched during high winds. NASA officials told us they have developed a plan to mitigate this risk.

Project Office Comments

The Ares I project office provided technical comments on a draft of this assessment, which were
incorporated as appropriate. The project office also commented that it has utilized resources to make
progress on the Constellation Program while focusing on goals that yield benefits to future human
spaceflight endeavors.

Page 40 GAO-11-239SP Assessments of Selected Large-Scale Projects



Common Name: GPM

Global Precipitation Measurement (GPM) Mission

The Global Precipitation Measurement (GPM)
mission, a joint NASA and Japan Aerospace
Exploration Agency (JAXA) project, seeks to improve
the scientific understanding of the global water cycle
and the accuracy of precipitation forecasts. The GPM
is composed of a core spacecraft carrying two main
instruments: a Dual-frequency Precipitation Radar
(DPR) and a GPM Microwave Imager (GMI). GPM
builds on the work of the Tropical Rainfall Measuring
Mission and will provide an opportunity to calibrate
measurements of global precipitation.

Source: GPM Project Office (artist depiction).

Formulation Implementation
A A A A A A
Formulation Preliminary Project Critical design GAO Launch core
start design review confirmation review review spacecraft
(7/02) (11/08) (12/09) (12/09) (12/10) (7/13)
Project Essentials Project Performance
NASA Center: Goddard Space Flight Center (then year dollars in millions)
International Partner: Japanese Aerospace Exploration Baseline Est. Latest
Agency (JAXA) (FY 2009) (Feb.2011) Change
Major Contractors: Ball Aerospace Total Project Cost  $975.9 $928.9 4.8%
Projected Launch Date: July 21, 2013 Eormlulatlon thstt ggggg 22:‘22 32