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NASA COMMERCIAL CREW PROGRAM

Schedule Uncertainty Persists for Start of Operational
Missions to the International Space Station

What GAO Found

Both of the Commercial Crew Program's contractors, Boeing and SpaceX, have
made progress on their crew transportation systems. However, neither is ready
to begin carrying astronauts into space as both continue to experience delays to
certification. Certification is a process that the National Aeronautics and Space
Administration (NASA) will use to ensure that each contractor's spacecraft,
launch vehicle, and ground support systems meet its requirements for human
spaceflight before any operational missions to the International Space Station
(ISS) can occur. Factors contributing to schedule uncertainty include:

Fluctuating schedules. As the contractors continue to build and test
hardware—including SpaceX’s March 2019 uncrewed test flight— their
schedules for certification change frequently. As of May 2019, both contractors
had delayed certification nine times, equating to more than 2 years from their
original contracts (see figure). This includes several delays since GAO last
reported in July 2018.

Commercial Crew Program: Contractor Certification Delays as of May 2019
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Source: GAO analysis of National Aeronautics and Space Administration data. | GAO-19-504

2GAO reported that Boeing's current proposed certification date was January 2019 and SpaceX's was
February 2019. See GAO-18-476.

Program Workload. NASA'’s ability to process certification data packages for its
two contractors continues to create uncertainty about the timing of certification.
The program has made progress conducting these reviews but much work
remains. In addition, the program allowed both contractors to delay submitting
evidence that they have met some requirements. This deferral has increased the
amount of work remaining for the program prior to certification.

In February 2019, NASA acknowledged that delays to certification could
continue, and announced plans to extend U.S. access to the ISS through
September 2020 by purchasing seats on the Russian Soyuz vehicle. However,
this arrangement does not fully address GAO’s July 2018 recommendation to
develop a contingency plan for ensuring access to the ISS until a Commercial
Crew Program contractor is certified. NASA concurred with the recommendation
but has not yet implemented it. Continued NASA attention on this issue is
needed given the uncertainty associated with the final certification dates.
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Abbreviations

ISS International Space Station
NASA National Aeronautics and Space Administration
Roscomos Russian Federal Space Agency
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without further permission from GAO. However, because this work may contain
copyrighted images or other material, permission from the copyright holder may be
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Following the retirement of the Space Shuttle in 2011, the United States
was left with no domestic ability to provide crew access to the
International Space Station (ISS). Since then, the National Aeronautics
and Space Administration (NASA) has relied on obtaining seats on the
Russian Soyuz spacecraft to maintain a U.S. presence on the station.
NASA’s Commercial Crew Program is facilitating the commercial
development of a crew transportation system that can provide safe,
reliable, and cost-effective transportation to and from the ISS and that
would end this dependency. NASA'’s goal is to have one or more
contractors that can provide crew transportation services to the ISS.
NASA plans for the ISS to be operational until at least 2024.

NASA’s acquisition strategy for the Commercial Crew Program is similar
to the one it used on the Commercial Cargo Program, but different from
other spacecraft it has built for humans, from Mercury to Gemini and
Apollo to the Space Shuttle. Under the Commercial Crew Program, each
contractor designs, develops, builds, owns, and operates its spaceflight
system and infrastructure. The contractors have access to NASA’s
expertise and resources throughout the development process; but NASA
engineers are not the ones making design decisions and NASA personnel
are less involved in processing, testing, launching, and operating the crew
transportation system. In addition, NASA must certify the contractors’
spacecraft, launch vehicle, and ground support systems before the
contractors can begin operational missions to the ISS. Certification is the
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process that NASA will use to ensure that the contractors’ systems meet
its requirements for human spaceflight. In the end, NASA will buy a crew
transportation service—a ride for its astronauts to and from the ISS.

The House Committee on Appropriations included a provision in its 2017
report for GAO to continue to review NASA’s human space exploration
programs, including the Commercial Crew Program.' This report is the
latest in a series of reports addressing the mandate. This report examines
the extent to which the contractors and program have made progress
towards certification.

We reviewed program and contract documents, including quarterly
progress updates, monthly risk charts, and monthly schedule summaries
from August 2018 through April 2019. We also interviewed program and
contractor officials to identify steps being taken to mitigate selected risks
and assess the extent of cost or schedule impacts if the risks were to be
realized. To select the risks, we examined the program’s risk charts and
identified the top five risks for each contractor that also had a safety
component. We took this approach because the contractors are nearing
test flights that will include crewmembers. In addition, we followed up on
risks that we reviewed in our July 2018 report.? These included Boeing’s
spacecraft forward heat shield and SpaceX’s propellant loading
procedures, redesigned launch vehicle vessel, and engine turbine
cracking.

To determine the extent to which the certification milestone has been
delayed over time, we analyzed the contractors’ schedule data from
quarterly progress reports and program documents from the first quarter
of calendar year 2015 through the second quarter of calendar year 2019.
Second quarter of calendar year 2019 data was the most recent data at
the time of our analysis. We selected the certification milestone because
it determines whether the crew transportation system meets the
Commercial Crew Program’s requirements. We also analyzed program
data for each contractor to determine how many safety reports and
certification packages each contractor submitted and how many the
program had approved as of April 2019. We assessed the reliability of the

'H.R. Rep. No.115-231, at 62 (2017).

2NASA Commercial Crew Program: Plan Needed to Ensure Uninterrupted Access to the
International Space Station, GAO-18-476 (Washington, D.C.: July 11, 2018).
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Background

data by interviewing program officials and manually testing the data, and
deemed it reliable for the purpose of reporting on the program’s workload.

We conducted this performance audit from August 2018 to June 2019 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 objective.

NASA awarded firm-fixed-price contracts in 2014 to Boeing and SpaceX,
valued at up to $4.2 billion and $2.6 billion, respectively, for the
development of crew transportation systems that meet NASA
requirements and for the initial service missions to the 1SS.3

Figure 1 shows the spacecraft and launch vehicles for Boeing and
SpaceX’s crew transportation systems.

3A firm-fixed-price contract provides for a price that is not subject to any adjustment on the
basis of the contractor’s cost experience in performing the contract. This contract type
places upon the contractor maximum risk and full responsibility for all costs and resulting
profit or loss. It provides maximum incentive for the contractor to control costs and perform
effectively and imposes a minimum administrative burden upon the contracting parties.
FAR 16.202-1.

Page 3 GAO-19-504 NASA Commercial Crew Program



Figure 1: Boeing and SpaceX Crew Transportation Systems
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These contracts encompass the firm-fixed-price design, development,
test, and evaluation work needed to support NASA’s certification of the
contractors’ spacecraft, launch vehicle, and ground support systems and
begin operational missions to the ISS.

The Commercial Crew Program manages two processes in order to
support the contractors’ uncrewed test flight, crewed test flight, and
certification milestone. The contractors must submit evidence, which the
Commercial Crew Program must review and approve for both processes.
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« A three-phased safety review process informs the program’s quality
assurance activities and is intended to ensure that the contractors
have identified all safety-critical hazards and implemented associated
controls prior to the first crewed test flight.

« In phase one, the contractors identify risks in their designs and
develop reports on potential hazards, the controls they put in
place to mitigate them, and explanations for how the controls will
mitigate the hazards.

« In phase two, the program reviews and approves the contractors’
hazard reports and develops strategies to verify and validate that
the controls are effective.

« In phase three, the contractors will conduct the verification
activities and submit the hazard reports to the program for
approval.

« The verification closure notice process is used to verify that the
contractors have met:

« ISS requirements, applicable to any spacecraft flying to the ISS,
and

o Commercial Crew Program requirements.

After the contractor has successfully completed its uncrewed and crewed
test flights and the above processes, the program determines at the
contractor’s certification milestone whether the crew transportation
system meets NASA'’s requirements for human spaceflight. Following this
contract milestone is an agency certification review, which authorizes the
use of a contractor’s system to transport NASA crew to and from the ISS.
It is at this point that the contractors can begin operational missions.
Figure 2 shows the path leading to operational missions.
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Figure 2: Commercial Crew Program Path to Contractor Operational Missions to the
International Space Station (ISS)
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Both contractors have made progress building and testing hardware,
Con’Fractors Are including SpaceX'’s uncrewed test flight. But continued schedule delays
Maklng Prog ress on and remaining work for the contractors and the program create continued

; uncertainty about when either contractor will be certified to begin
VehI_C_IeS’_ but conducting operational missions to the ISS. The program has made
Certification Date progress reviewing the contractors’ certification paperwork, but contractor
Remains Unclear delays in submitting evidence for NASA approval may compound a ‘bow

wave’ of work, which creates uncertainty about when either contractor will
be certified. NASA acknowledged the schedule uncertainty in February
2019, when it announced plans to purchase two additional Soyuz seats
from Russia, citing concerns about the difficulties associated with
achieving first flights in the final year of development.
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Construction and Testing Both contractors are building several spacecraft, some of which are near

of Contractors’ Hardware completion. Each contractor’s spacecraft includes two main modules:

Is Progressmg « Boeing’s spacecraft—CST-100 Starliner—is composed of a crew
module and a service module. The crew module will carry the crew
and cargo. It also includes communication systems, docking
mechanisms, and return systems for Earth landing. The service
module provides propulsion on-orbit and, if needed, in abort
scenarios—when a failure prevents continuation of the mission and a
return is required for crew survival—as well as radiators for thermal
control.

« SpaceX’s spacecraft—Dragon 2—is composed of a capsule, which
we refer to as the crew module, and a trunk, which we refer to as the
support module. The crew module will carry the crew and cargo. It
also includes avionics, docking mechanisms, and return systems for a
water landing. The support module includes solar arrays for on-orbit
power and guidance fins for escape abort scenarios.

Different spacecraft will be used for the uncrewed test flight and the
crewed test flight, as well as to support other test events. See table 1 for
a description of each contractor’s hardware builds, current status, and
upcoming events.
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Table 1: Description of Boeing and SpaceX Hardware, Current Status, and Upcoming Events as of Second Quarter Calendar

Year 2019

Spacecraft Purpose Current Status Upcoming Events

Boeing

Test Support Crew module: Following a June 2018 test anomaly, Boeing paused
article ground tests In construction construction on this test article. Boeing has installed

a . . redesigned launch abort engine valves on this spacecraft
Pad abort test Service moQuIe. and will resume testing in May 2019.
In construction
Flight Environmental Crew module: Boeing has completed environmental testing with this

spacecraft 1

testing

Constructed

spacecraft. Boeing is in the process of refurbishing the
spacecraft for the crewed test flight.

Crewed Service module:
test flight Constructed
Flight Uncrewed Crew module: Boeing plans to join the crew and service modules
spacecraft 2 test flight In construction together in May 2019 and then conduct integrated testing.
Service module:
In construction
SpaceX
Flight Uncrewed Crew module: SpaceX conducted its uncrewed test flight on March 2,
spacecraft 1 test flight Flown 2019. Flight spacecraft 1 docked with the ISS on March 3,
S it module: 2019 and returned to Earth on March 8, 2019. SpaceX
Fluppo module: planned to refurbish the spacecraft for the in-flight abort
own test, but the spacecraft was destroyed in an April 2019
testing event when an anomaly occurred.
Flight In-flight Crew module: SpaceX plans to join the crew and support modules
spacecraft 2° abort test® In construction together in summer 2019 and integrate them with the
launch vehicle in fall 2019.
Support module:
In construction
Flight Crewed Crew module: SpaceX had started construction of this spacecraft before
spacecraft 3 test flight In construction the April 2019 testing anomaly which destroyed flight

Support module:

In construction

spacecraft 1. As a result, SpaceX is optimizing the
hardware configuration of this spacecraft for the crewed
test flight. SpaceX plans to join the crew and support
modules, and integrate them with the launch vehicle, in
late 2019.

Source: GAO analysis of National Aeronautics and Space Administration (NASA) and contractors documents | GAO-19-504.

®The pad abort test and in-flight abort test are intended to demonstrate a spacecraft’s ability to safely
carry crew away from a launch vehicle emergency, if necessary.

bSpaceX has several spacecraft in production and plans to shift the spacecraft assignments as a
result of the April 2019 testing anomaly which destroyed flight spacecraft 1. Flight spacecraft 2, which
was originally assigned to SpaceX’s crewed test flight, will now be used for its in-flight abort test.
Flight spacecraft 3, which was originally assigned to SpaceX’s first operational mission, will now be
used for its crewed test flight.
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Additional details on select hardware testing follow.

« In June 2018, Boeing experienced an anomaly while testing its
launch abort engines. During a test firing, four of the eight total valves
in the four launch abort engines failed to close after a shutdown
command was sent. In response to this event, Boeing initiated an
investigation to identify the root cause. According to Boeing officials,
Boeing plans to replace components on all of its service modules
except for the uncrewed test flight service module. This is because
the abort system will not be active for the uncrewed test flight. Boeing
plans to resume testing its launch abort engines in May 2019. A
NASA official told us that addressing this anomaly and identifying its
root cause resulted in a 12-month schedule delay to launch abort
propulsion system testing.

« In March 2019, SpaceX conducted its uncrewed test flight, which
demonstrated that the capsule could dock with the ISS and return to
Earth. NASA officials described SpaceX'’s uncrewed test flight as a
success with key systems such as the guidance, navigation, and
control and the parachutes performing as expected. A SpaceX official
told us that this was a very successful test and represented significant
risk reduction from a schedule and technical perspective.
Subsequently, the spacecraft used in the uncrewed test flight was
destroyed in a testing anomaly. The anomaly occurred during a test
that SpaceX was conducting in advance of an in-flight abort test
scheduled for this summer. As of May 2019, SpaceX was
investigating the anomaly.

Repeated Delays and
Remaining Work Create
Continued Uncertainty for
Certification

Continued schedule delays create uncertainty about when NASA wiill
certify either contractor to begin conducting operational missions to the
ISS. We have previously found that the contractors’ schedules regularly
changed, and this pattern continues.* As of May 2019, both contractors
have delayed their certification milestone nine times since establishing
dates in their original contracts. In the span of less than a year, since our
July 2018 report, Boeing has again delayed its certification milestone four
times and by 12 months, while SpaceX has again delayed its certification

4NASA Commercial Crew Program: Schedule Pressure Increases as Contractors Delay
Key Events, GAO-17-137 (Washington, D.C.: Feb. 16, 2017) and GAO-18-476.
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milestone three times and by 7 months.® Both contractors are now
planning for certification to occur more than 2 years beyond the original
dates in their contracts—Boeing in January 2020 and SpaceX in
September 2019, though this date is under review and could further slip
(see figure 3).

_________________________________________________________________________________________________________________________|
Figure 3: Delays to Contractors’ Certification Dates as of May 2019
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Source: GAO analysis of National Aeronautics and Space Administration data. | GAO-19-504

®In July 2018, GAO reported that Boeing’s current proposed certification date was January 2019 and
SpaceX’s current proposed certification date was February 2019. See GAO-18-476.

Over time, both program and contractor officials have told us that they
struggle to establish stable schedules. In 2018, the Commercial Crew
Program manager told us that she relied on her previous experience to
estimate schedule time frames as opposed to relying on the contractors’
schedules, which were overly optimistic.® In March 2019, a senior NASA
official told us that the agency has struggled to establish schedules with
both contractors, often needing to negotiate dates with senior company
officials. Further, SpaceX officials explained that they would not know the
schedule for the crewed test flight until they conducted the uncrewed test
flight. However, even having conducted the uncrewed test flight in March
2019 and before the April 2019 anomaly, SpaceX and NASA were still re-
evaluating the schedule for the crewed test flight.

SGA0-18-476. According to NASA officials, the partial government shutdown, which
affected NASA, did not contribute to any schedule delays. Both contractors continued
working during the partial government shutdown and key program staff continued to
support the program as needed.

5GAO-18-476.
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Contractors’ Technical Risks
Create Continued Uncertainty
for Certification

Both contractors are continuing to mitigate technical risks identified by
program officials that need to be addressed in order to reach certification.
The program will close a risk when the contractor is able to fully mitigate
it. If all mitigation activities are exhausted, but a risk still remains, the
program will determine if the risk is acceptable as part of the agency’s
rationale for flight. As the contractors address these technical risks and
proceed through integration and testing, any issues that arise during
testing or the test flights could further delay certification.

Program risks for Boeing include:

Parachute System Certification. Boeing is conducting five
parachute system qualification tests to demonstrate that its system
meets the Commercial Crew Program’s requirements, which will be
validated on two spacecraft flight tests. However, in August 2018,
Boeing identified a faulty release mechanism for its drogue
parachute—which initially slows down the capsule—during its third
parachute qualification test that successfully deployed all parachutes.
Identifying and fixing the faulty mechanism delayed its fourth
parachute qualification test. According to a NASA official, Boeing is
conducting testing to qualify an alternative design, and Boeing must
qualify this alternative design before the crewed test flight.

Launch Vehicle Engine Anomaly. Boeing is addressing a safety risk
related to a launch vehicle component. Specifically, during a 2018
launch, the launch vehicle engine position during ascent deviated
from commands but the launch vehicle provider stated that it achieved
all mission objectives. Program officials told us that they have insight
into the launch vehicle manufacturer’s ongoing investigation and have
participated in a separate independent review team. Boeing will
implement a set of corrective actions for the uncrewed test flight, and
will continue testing the engines for the crewed test flight.

Spacecraft-Generated Debris. Boeing is addressing a risk that under
normal operating procedures the initiators that trigger separation
events, such as the separation of the crew and service module prior to
re-entry, may generate debris and damage the spacecraft. These
components function as expected, but Boeing plans to install
hardware to contain debris generated when the initiators fire. Program
officials told us that they believe Boeing has identified a solution that
will be sufficient for the uncrewed and crewed test flights, but the
program is continuing to explore a possible redesign for future
operational missions.
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« Spacecraft Forward Heat Shield. We had previously found that
Boeing was addressing a risk that during descent a portion of the
spacecraft’s forward heat shield may re-contact the spacecraft after it
is jettisoned and damage the parachute system.” Since our last
report, Boeing tested the performance of the forward heat shield in
worst-case scenarios and found there was no damage to the
parachute system or the spacecraft. After reviewing test data, the
program determined that Boeing had completed the mitigation
activities and, as of February 2019, no additional steps were needed.

Program risks for SpaceX include:

« Parachute System Certification. Like Boeing, SpaceX is conducting
several parachute tests to demonstrate that its system meets the
Commercial Crew Program’s requirements. However, SpaceX
experienced two anomalies with its parachute system in August 2018.
As a result, a SpaceX official told us they enhanced the parachute
design to improve robustness. NASA officials told us SpaceX’s
enhanced parachutes performed well on its uncrewed test flight. Prior
to the crewed test flight, SpaceX must demonstrate the performance
of its parachute system. SpaceX plans to continue to test its
parachutes, and according to a SpaceX official, will take all steps
necessary to ensure that the flight design meets or exceeds minimum
performance levels.

« Propellant Loading Procedures. SpaceX is continuing to address a
safety risk related to its plans to conduct launch vehicle propellant
loading procedures after the astronauts are on board the spacecraft.
SpaceX officials told us that this loading process has been used in
other configurations for multiple SpaceX flights. The Commercial
Crew program has approved SpaceX’s proposed loading procedures,
including the agreed upon demonstration of the loading procedure five
times from the launch site in the final crew configuration before the
crewed test flight. The five events include the uncrewed test flight and
in-flight abort test. As of March 2019, SpaceX had completed the first
two events.

« Redesigned Composite Overwrap Pressure Vessel. SpaceX is
continuing to address a risk that its launch vehicle’s redesigned
composite overwrap pressure vessel, which is intended to contain
helium under high pressure, may serve as an ignition source. The

"GAO-18-476. The forward heat shield protects the parachute system during re-entry to
the Earth’s atmosphere.
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Program Office Workload Is a
Continued Schedule Risk to
Certification

program and SpaceX conducted tests on the redesigned vessel and
the program determined that all possible ignition sources, with one
exception, have a low likelihood of creating ignition. The program
continues to assess this ignition source. According to a NASA official,
there were no indications of any issues during SpaceX’s uncrewed
test flight. SpaceX officials also told us that the redesigned vessel has
successfully flown on multiple flights. The program will need to
determine whether to accept the risk associated with this technical
issue prior to SpaceX'’s crewed test flight.

« Engine Turbine Cracking. NASA continues to assess a SpaceX risk
related to the design of its launch vehicle engines, which has
previously resulted in the turbine wheel cracking. To mitigate the
turbine cracking risk, SpaceX conducted additional qualification
testing and developed an operational strategy that resulted in no
cracks. Consequently, the program accepted this risk for SpaceX’s
uncrewed test flight but levied a constraint on the crewed test flight.
Specifically, SpaceX has agreed to conduct a follow-on test campaign
of the engines to demonstrate that it meets NASA’s standards in order
to launch its crewed test flight. Program officials said SpaceX plans to
build the launch vehicle engines for its crewed test flight concurrently
with this follow-on testing series.

The Commercial Crew Program’s ability to process certification data
packages for its two contractors continues to create uncertainty about the
timing of certification. Specifically, the program is concurrently reviewing
and approving both contractors’ phased safety reviews and verification
closure notices. We previously reported that program officials, the
contractors, and independent review organizations had concerns about a
“bow wave” of work for the program.® For example, at that time, the
program’s safety and mission assurance office identified the upcoming
bow wave of work in a shrinking time period as a top risk to achieving
certification.

Three-Phased Safety Reviews. The program continues to make
progress conducting its phased safety reviews, but it has not yet
completed them. In February 2017, we found that the program was
behind schedule completing its phased safety reviews and, as of April
2019, it had yet to complete this process.® As shown in Table 2, the

8GAO-17-137 and GAO-18-476.
SGAO-17-137.
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program is near completion of phase two reviews and phase three
reviews are in progress.

|
Table 2: Approved Phased Safety Review Reports for Phase Two and Three by
Contractor as of April 2019

Contractor Phase Two Reports Phase Three Reports
Boeing 112 of 117 6 of 114

96% 5%
SpaceX 81 of 90 2 of 87

90% 2%

Source: GAO analysis of National Aeronautics and Space Administration data and documents. | GAO-19-504

Program officials told us that they have started work on many of the
phase three safety reviews, but the data only reflect their efforts once
they complete a phased safety report in its entirety. Any additional delays
to complete this process, however, would delay the crewed test flights
and create uncertainty about when NASA will certify the contractors to
begin operational flights.

Verification Closure Notices. NASA has made progress verifying that
the contractors have met ISS and Commercial Crew Program
requirements, but much work remains. When a contractor is ready for
NASA to verify that it has met a requirement, such as that the contractor’s
system can detect and alert the crew to critical faults that could result in a
catastrophic event, the contractor submits data for NASA to review
through a verification closure notice. Table 3 shows the agency’s
progress approving verification closure notices for each contractor.

|
Table 3: Approved Verification Closure Notices by Contractor and Program Requirement Set as of Second Quarter Calendar

Year 2019
International Space Station Commercial Crew Program
Contractor Verification Closure Notices Verification Closure Notices
Boeing 246 of 503 69 of 271
49% 25%
SpaceX 205 of 319 29 of 274
64% 11%

Source: GAO analysis of National Aeronautics and Space Administration data. | GAO-19-504
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Program officials told us that, because the contract solicitation did not
require an uncrewed test flight, they had not previously determined the
minimum number of Commercial Crew Program requirements that the
contractors should meet prior to an uncrewed test flight. Subsequently,
both contractors included an uncrewed test flight as part of their
schedules. As these test flights approached, NASA determined that it
must verify that the contractors met approximately 20 percent of the
program’s requirements before the contractors’ uncrewed test flight and
the remaining 80 percent before the contractors’ crewed test flights. The
program made this determination based on ensuring the contractors met
requirements related to the spacecraft safely approaching and docking to
the ISS; ensuring the safety of the ISS and its crew; and meeting any
mission-specific requirements for cargo.

Both contractors originally planned for the program to verify they had met
more than 20 percent of the Commercial Crew Program requirements
before the uncrewed test flight but have subsequently changed their
plans. For both contractors, the program is allowing the contractors to
submit more verification closure notices between the uncrewed and
crewed test flight than initially envisioned. Program officials told us that
contractors proposed deferring the submission of verification closure
notices because they were having difficulties meeting the original targets.
Figure 4 includes SpaceX and Boeing’s original and current plans for
verification of requirements compared to the Commercial Crew Program’s
minimum level of requirements it determined was necessary for the
uncrewed test flight. As reflected in the figure, these new plans, which
defer submission of work to the crewed test flight, may compound the
program’s bow wave of work and create uncertainty about the timing of
certification.
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Figure 4: Commercial Crew Program’s Minimum Level of Requirements to Verify
and Contractors’ Original and Current Plans by Event as of April 2019

Commercial Crew Program’s
minimum level of requirements to
verify for the uncrewed test flight

L]

Original
plan

SpaceX

Current
plan

Original
plan

Boeing

Current
plan

20 40 60 80 100
Percentage of requirements planned to be verified

- Percentage of requirements planned to be verified for uncrewed test flight
- Percentage of requirements planned to be verified for crewed test flight
- Percentage of requirements planned to be verified for certification

Source: GAO analysis of National Aeronautics and Space Administration data. | GAO-19-504
Note: Figures may not sum to 100 percent due to rounding.

Further, the Commercial Crew Program will need to reassess a subset of
requirements closed for the uncrewed test flight prior to the crewed test
flight. For example, of the 78 requirements Boeing plans to close prior to
the uncrewed test flight, the program will re-assess 16; for SpaceX’s 49
requirements, the program will re-assess 32. Program officials told us that
some of this work is expected based on known changes to the
contractors’ systems between the uncrewed and crewed test flight. For
example, officials told us that they approved a verification closure notice
for SpaceX’s air conditioning system in order to support the uncrewed test
flight, but they know that they will need to re-assess it because SpaceX is
making changes before its crewed test flight. While these types of
changes and those that are identified through testing are not uncommon,
they further add to the program’s workload and create uncertainty about
the timing of certification.
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Among the requirements that must be closed before the crewed test flight
is loss of crew, which is a metric that captures the probability of death or
permanent disability to one or more crew members. According to program
risk charts, the program’s top safety risk continues to be that neither
contractor will meet the contractual requirement of a 1 in 270 probability
of incurring loss of crew.'® We previously found that NASA lacked a
consistent approach for how to assess loss of crew and recommended
that key parties, including the program manager, collectively determine
and document how the agency will determine its risk tolerance level prior
to certifying either contractor.’ NASA partially concurred with that
recommendation, stating that, if neither contractor can meet the loss of
crew requirement, the program will request a waiver through the human
rating certification process to ensure transparency.'? As of March 2019,
NASA officials told us they have not taken steps to address this
recommendation. Officials told us that the Commercial Crew Program is
currently reviewing Boeing’s loss of crew verification closure notice and
SpaceX’s draft verification closure notice in order to verify if the
contractors have met the loss of crew requirement.

According to program officials, one of the biggest challenges for the
program is balancing its workload to support the two contractors, but
officials are making an effort to review each contractor’s data products as
they are submitted. For example, program officials told us that they were
able to review SpaceX submissions during the summer of 2018, while
Boeing’s submissions slowed as it focused on addressing the test
anomaly with its launch abort engines. However, based on current
schedules, the program must complete its reviews of certification
paperwork while supporting uncrewed, crewed, and abort system test
flights for both contractors before the end of 2019. Both contractors said
they have concerns about NASA's ability to maintain its pace of
processing paperwork in order to support the contractors’ planned test
flights and certification dates. The potential bow wave of work continues
to create uncertainty about the timing of certification for either contractor,
which could result in delays to the first operational mission to the ISS.

'0A loss of crew value is generated through a probabilistic safety analysis, which models
scenarios that could result in the loss of crew using various inputs.

"GAO-18-476.

2The human rating certification process will be used by NASA to certify a contractor’'s
crew transportation system to carry NASA or NASA sponsored crewmembers on low-
Earth orbit missions, such as to the ISS.
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NASA [s Taking Steps to
Mitigate Delays to Start of
Operational Missions

In February 2019, NASA announced plans to buy two more Soyuz seats
from Russia, thereby acknowledging that delays to certification of the
Commercial Crew Program contractors could continue. These seats
would extend U.S. access to the ISS from November 2019 through
September 2020. According to a senior NASA official, NASA is not
purchasing a new Soyuz spacecraft, which we have previously found
requires a 3-year lead time." Instead, two additional seats became
available on existing vehicles after changes to the Soyuz manifest. In
2015, NASA paid approximately $82 million per seat through its contract
with the Russian Federal Space Agency (Roscomos). Program officials
stated they could not publicly disclose the price NASA paid for these two
new additional seats, but noted that the cost was 5 percent higher per
seat than the previous contract modification to purchase Soyuz seats and
is consistent with inflation.

In addition, NASA plans to extend the duration of Boeing’s crewed test
flight. In March 2018, NASA modified its contract with Boeing to allow
NASA to add a third crew member and extend the length of the crewed
test flight. In July 2018, we reported that NASA was considering this
option as one way to maintain a U.S. presence on the ISS, but noted it
had limited usefulness if Boeing’s crewed test flight slipped past the
return date of the last Soyuz flight.™

NASA'’s actions—purchasing the two additional Soyuz seats and
implementing an extended duration crewed test flight for Boeing—do not
fully address our July 2018 recommendation to develop and maintain a
contingency plan for ensuring a presence on the ISS until a Commercial
Crew Program contractor is certified.' NASA concurred with this
recommendation but, to fully implement it, NASA needs to provide
additional support regarding planning efforts to ensure uninterrupted
access to the ISS if delays with the Commercial Crew Program
contractors continue beyond September 2020. Continued NASA attention
on this issue is needed given the uncertainty associated with the final
certification dates.

BGAO-18-476.
“GAO-18-476.
BGAO-18-476.
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Agency Comments

We provided a draft of this product to NASA for comment. In its response,
reproduced in appendix I, NASA generally agreed with our findings and

included an update on the progress made by Boeing and SpaceX. NASA
also provided technical comments, which we incorporated as appropriate.

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

If you or your staff have any questions about this report, please contact
me at (202) 512-4841 or chaplainc@gao.gov. Contact points for our
Offices of Congressional Relations and Public Affairs may be found on
the last page of this report. GAO staff who made major contributions to
this report are listed in appendix Il.

Cristina T. Chaplain

Director,
Contracting and National Security Acquisitions
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Appendix |: Comments from the National
Aeronautics and Space Administration

Reply to Attn of:

National Aeronautics and Space Administration

Headquarters
Washington, DC 20546-0001

June 12, 2019

Human Exploration and Operations Mission Directorate

Ms. Cristina T. Chaplain

Director

Contracting and National Security Acquisitions
United States Government Accountability Office
‘Washington, DC 20548

Dear Ms. Chaplain:

The National Aeronautics and Space Administration (NASA) appreciates the opportunity
to review and comment on the Government Accountability Office (GAO) draft report
entitled, “NASA Commercial Crew Program: Schedule Uncertainty Persists for Start of
Operational Mission to the International Space Station” (GAO-19-504) dated May 10,
2019.

GAO reports that, while both of NASA’s Commercial Crew Program’s contractors have
made progress on their respective crew transportation systems, neither Boeing nor
SpaceX are presently ready to carry astronauts to the International Space Station (ISS).
The contractors are making steady progress and have solid plans that lead, ultimately, to
crew demonstration flights to ISS.

Boeing continues to manufacture its Starliner spacecraft inside its Commercial Crew and
Cargo Processing Facility at NASA’s Kennedy Space Center in Florida. The company is
manufacturing three Starliner spacecraft, two of which are designed to be reused up to 10
times for flight tests and operational missions to station. The other spacecraft will be
used for pad abort'testing. Spacecraft 2, intended for the Crew Flight Test, finished
initial production and is undergoing environmental qualification testing at Boeing’s
facilities in El Segundo, California. Starliner will be launching on a United Launch
Alliance (ULA) Atlas V rocket. The Atlas V for Boeing’s Orbital Flight test was
completed in 2018, including the first and second stages, ahead of the uncrewed test
flight. The dual-engine second stage, called Centaur, and the rocket’s booster arrived at
Cape Canaveral Air Force Station for final processing by ULA technicians.

SpaceX continues to test its systems and integrate its launch infrastructure to support the
Crew Dragon spacecraft. The company currently has six Crew Dragon modules in
various stages of production and testing. One of those Crew Dragon modules was used in
March 2019 for the first orbital flight test under the Commercial Crew Program. Known
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Aeronautics and Space Administration

as Demonstration Mission 1, this test flight was extremely successful and all the test
objectives were successfully accomplished. Demo-1 was the first autonomous docking of
any U.S. spacecraft to the ISS and the first use of the international docking standard used
to build the station’s international docking adapter and the Crew Dragon’s docking
adapter. The mission also successfully delivered more than 400 pounds of crew supplies
and equipment to the ISS. SpaceX also completed another major round of astronaut and
operations team training and simulations in preparation for the Demo-2 mission which
will be a crewed test flight to the ISS. Seats for the Demo-2 Crew Dragon are in
production, and vehicle integration in the cleanroom is ongoing. Heat shield
qualification, as well as a majority of qualification testing for both Crew Dragon and
Falcon 9, are now complete.

Although GAO makes no new recommendations to NASA, GAO references a currently
unimplemented recommendation from its July 2018 report entitled, “NASA Commercial
Crew Program: Plan Needed to Ensure Uninterrupted Access to the International Space
Station” (GAO-18-476). In that report, GAO recommended that NASA “should develop
and maintain a contingency plan for ensuring a presence on the ISS until a Commercial
Crew Program contractor is certified.”

Since this recommendation was issued in July 2018, and as noted in the report, NASA
has purchased an additional two Soyuz seats, which will keep Americans on ISS through
the fall of 2020. Additionally, as also noted in the report, NASA has extended the
duration of one of the crewed demonstration flights and added a crewmember to provide
additional schedule margin towards certification while the crew maintains the ISS. Both
the Soyuz seats and the extended crew demonstration mission are under contract and
currently provide adequate schedule margin to allow for the Commercial Crew systems to
become operational. Should that schedule margin change in the future, NASA will
reassess our options to ensure we maintain a U.S. presence on the ISS.

Once again, thank you for the opportunity to comment on the subject draft report. If you
have any questions or require additional information, please contact Ms. Michelle Bascoe
on (202) 358-1574.

Sincerely,

WY e

William H. Gerstenmaier
Associate Administrator
for Human Exploration and Operations
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