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OVERVIEW

REVIEW OF NASA’S ACQUISITION OF COMMERCIAL
LAUNCH SERVICES

The Issue

Commercial U.S. launch services providers compete domestically and internationally for
contracts to carry satellites and other payloads into orbit using unmanned, single-use
vehicles known as expendable launch vehicles (ELVs). However, since the late 1990s the
global commercial launch market has generally declined following the downturn in the
telecommunications services industry, which was the primary customer of the
commercial space industry. Given this trend, U.S. launch services providers struggling to
remain economically viable have been bolstered by the Commercial Space Act of 1998
(Public Law 105-303), which requires NASA and other Federal agencies to plan missions
and procure space transportation services from U.S. commercial providers to the
maximum extent practicable.

In particular, the U.S. market for medium-class launch vehicles, which are suited for
many NASA science missions, has suffered from lack of demand and foreign
competition. New launch vehicles in this class are currently under development as part
of NASA’s Commercial Orbital Transportation Services (COTS) Program, and NASA
hopes to use these vehicles to resupply the International Space Station (ISS) on a
commercially competitive basis. Although one such vehicle, Space Exploration
Technologies Corporation’s (SpaceX) Falcon 9, had successful test flights in June 2010
and December 2010, neither it nor any of the other vehicles currently under development
are likely to be ready to launch NASA’s science missions until late 2013 or early 2014.
Consequently, until that time NASA faces limited domestic availability of medium-class
launch vehicles for its science missions, a situation exacerbated by the Department of
Defense’s (DOD) decision to stop using the Delta II — the medium-class vehicle that has
been NASA’s launch vehicle of choice for nearly 60 percent of its science missions over
the last decade. Moreover, without orders from DOD there is not enough demand for
medium-class launch vehicles to sustain most domestic launch services providers.

For the past decade, NASA’s Launch Services Program (LSP) Office has acquired
commercial launch services using firm-fixed-price indefinite-delivery, indefinite-quantity
(IDIQ) contracts under an overarching NASA Launch Services (NLS) contract initially
awarded in June 2000 that expired on June 30, 2010. Pursuant to these contracts,

! Medium-class missions are typically satellite payloads between 1,500 and 3,200 kilograms (3,300 to 7,040
pounds), respectively, launched to a 675-kilometer (approximately 405 miles) orbit around the Earth.
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U.S. service providers integrate, test, and launch NASA and NASA-sponsored payloads
into orbit. Using these NLS contracts, NASA has launched science missions such as
Kepler and the Gamma-ray Large Area Space Telescope (GLAST). Kepler is a NASA
mission designed to survey the Milky Way Galaxy to detect and characterize Earth-size
and smaller planets. GLAST, now known as Fermi, is a powerful space observatory that
will explore some of the most extreme environments in the universe.

The objective of our audit was to evaluate whether NASA’s LSP, through its
implementation of NLS contracts, acquired ELVs within costs and timeframes established
by the contracts. We also evaluated whether NASA’s acquisition strategy for post-2010
ELV procurements as set forth in an August 2009 report to Congress is cost-effective and
the most advantageous to the Government. Details of the audit’s scope and methodology
are in Appendix A.

Results

We found that NASA’s LSP acquired ELVs from 2008 through 2009 that were within
costs and timeframes established by the NLS contracts. However, we also found that
NASA’s published strategy for acquiring medium-class launch vehicles after 2010 may
not be the most cost-effective or advantageous to the Government because it did not
include as a possible option use of Minotaur, a launch vehicle that uses a U.S.
Government-furnished rocket motor from decommissioned intercontinental ballistic
missiles.

Our analysis shows that use of the Minotaur for certain NASA science missions offers
significant savings when compared to the available commercially provided intermediate-
class launch vehicles cited in NASA’s report to Congress.> Moreover, it also would be
less expensive than SpaceX’s Falcon 9, which is still under development and not yet
certified to carry NASA science missions. For example, if NASA used the Minotaur
rather than Falcon 9 or the intermediate-class Atlas V for the Soil Moisture Active
Passive (SMAP) mission scheduled for launch in November 2014, the Agency could save
between $61 million and $156 million (see Appendix B).*

In response to this finding, NASA stated that use of the Minotaur for some of its science
missions could have a negative impact on the domestic commercial rocket industry
because it might discourage companies from entering the launch services market.
However, as discussed above it is unlikely that reliable and competitively priced medium-
class launch vehicles will be available in time for the SMAP mission. Accordingly, while

* Intermediate-class launch vehicles can carry payloads weighing more than 3,500 kilograms
(7,700 pounds).

3 “Strategy for Small- and Medium-Class Launch Services,” August 2009 (see Appendix C).

* We based the estimated cost savings on the difference between the projected cost of a Minotaur IV, a
Falcon 9, and an Atlas V ordered in 2012.
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we appreciate the legal and policy reasons for promoting commercial launch providers,
we believe that NASA should consider using the Minotaur as a launch vehicle for
appropriate science missions until cost-effective and reliable commercial launch services
are available.

Launch Services Provided within Costs and Timeframes under the 2000-2010
Contract

Based on our review of 5 out of 21 missions under the NLS contracts, we determined that
the LSP acquired ELVs that were within established budget and negotiated contract
costs.” Specifically, for the five missions in our sample that launched from June 2008
through June 2009, we compared the actual launch services costs with total mission costs
and found that the total launch services costs were approximately 19 percent of total
mission costs.® In addition, we found that the LSP’s negotiated costs averaged 3 percent
below what had been obligated by NASA.”

We also found that the LSP provided launch vehicles within the timeframes established
by the contract. Specifically, for the five missions in our sample we compared the
planned launch dates with actual launch dates and found that although all five missions
experienced delays, these delays were related to technical issues with the project, not the
acquisition or readiness of the launch vehicles.

NASA’s Published Acquisition Strategy for Launch Vehicles Did Not Include the
Use of Minotaur for Medium-Class Launches

In accordance with Section 621 of the NASA Authorization Act of 2008, NASA
developed and submitted a report to Congress setting forth its acquisition strategy for
providing domestic commercial launch services to support small- and medium-class
missions of NASA’s Exploration Systems, Science, and Space Operations Mission
Directorates (see Appendix C).* The strategy involved extending the ordering period for
existing NLS contracts from June 2010 through June 2020 to allow current launch
services providers to offer launch vehicles that were not available at the time the initial
contract was awarded and new launch services providers an opportunity to compete for

> See Appendix A for details of our sample.

® Includes basic launch services (standard launch vehicle hardware, range coordination, etc.), mission-
unique services (requirements necessary to customize the basic vehicle to meet spacecraft and mission
needs), integrated services (launch vehicle and payload processing, range safety, engineering and
institutional support, and launch pad support), telemetry, and other costs such as pad infrastructure.

7 This audit examined the LSP’s implementation of the NLS contract and did not evaluate the
reasonableness of contract prices or how those contracts were procured. The Boeing Company reached a
settlement in June 2006 to resolve criminal and civil allegations that the company improperly used
competitor’s information to procure contracts for launch services from the Air Force and NASA, as well
as unrelated allegations concerning Boeing’s relationship with an Air Force employee. As part of the
settlement, Boeing agreed to pay $615 million, $106.7 million of which went to NASA.

* NASA’s “Strategy for Small- and Medium-Class Launch Services,” August 2009.
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future launch services contracts. NASA also plans to monitor development efforts of
Orbital Sciences Corporation (Orbital) and SpaceX, the two commercial partners selected
as part of the Agency’s COTS Program, to develop a new cargo transport capability to
resupply the ISS after retirement of the Space Shuttle. Although NASA listed the
Minotaur as a possible option to launch small-class science missions, the acquisition
strategy laid out in the report to Congress did not discuss the Minotaur as a possible
launch vehicle for NASA’s medium-class science missions. However, after the Office of
Inspector General (OIG) provided NASA a draft copy of this report, the Agency informed
us that “consistent with law and policy” it would consider using the Minotaur for
medium-class missions.

NASA’s published acquisition strategy assumes that in the next 4 years commercial
companies will develop affordable medium-class launch vehicles under the COTS
Program. Moreover, NASA anticipates that spreading fixed costs over a larger number of
resupply flights for the ISS will result in competitively priced medium-class launch
vehicles. Although launch vehicles developed for ISS resupply missions may indeed be
feasible options for science missions requiring medium-class launch vehicles, none of
these vehicles has yet been certified and there is a significant risk that delays and
technical issues will arise during the certification process that will prevent their
certification in time for the SMAP mission currently scheduled for 2014.

The competitive award process for a mission’s launch vehicle typically results in a
selection 30 months before a mission’s scheduled launch date. If commercial companies
are unable to timely provide vehicles that meet NASA’s medium-class launch
requirements, the Agency’s plan calls for choosing between two United Launch Alliance
(ULA) vehicles: the medium-class Delta IT and the intermediate-class Atlas V.’
However, there are significant issues with each of these options.

First, the Delta Il may not be available for NASA missions after 2011 because the Air
Force has stopped using the vehicle in favor of larger intermediate-class launch vehicles
such as the Atlas V that provide greater lift capability. Consequently, many of the
components for the standard configuration Delta II are no longer being produced.
According to NASA officials, restarting the Delta II production line to service NASA’s
needs would be cost prohibitive.

Second, the remaining unsold Delta IIs in ULA’s inventory are “7920 heavy”
configuration models that can only be launched from Space Launch Complex 17B at
Cape Canaveral Air Force Station in Florida. However, in order to reach polar orbit
NASA launches most of its Earth science missions at the Western Test Range at
Vandenberg Air Force Base in California. Heavy configuration Delta IIs could not be
launched from this location without costly modifications to the launch pad infrastructure
at Vandenberg.

? In December 2006, Boeing and Lockheed Martin Corporation combined their ELV businesses to form
United Launch Alliance as a joint venture.
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Third, if NASA uses the intermediate-class Atlas V instead of a medium-class launch
vehicle, the Agency estimates that its costs will increase by an additional $100 million to
$300 million per launch. '

In sum, the loss of the Delta II as a viable launch option means that NASA may be more
likely to rely on intermediate-class launch vehicles like the Atlas V to meet its medium-
class launch requirements until Orbital, SpaceX, or another commercial entity produces a
more cost-effective medium-class launch vehicle. Our analysis of NASA’s future
medium-class launch manifest and launch vehicle options shows that using Minotaur
launch vehicles would be significantly less expensive than using either an Atlas V or even
SpaceX’s yet-to-be certified Falcon 9 and could provide a viable interim solution for
several of NASA’s medium-class science missions planned from 2010 through 2020.'"'?

As previously noted, although new medium-class launch vehicles are in development
from commercial providers, NASA LSP officials anticipate the earliest these vehicles
could complete the required NASA certification is between late 2013 and early 2014.
LSP officials told the OIG that a launch provider can be awarded a launch service task
order before certification of its vehicle. Currently, the Falcon 9 is the only medium-class
launch vehicle included in the NLS II contract, and the Falcon 9 flew its first two
successful test flights in June and December 2010."* However, if NASA selected the
Falcon 9 for the SMAP mission prior to certification, the Agency would need to accept a
significantly higher degree of risk and determine how to address potential cost increases
and schedule delays that could result if technical issues were identified during the
certification process. These potential cost increases are not included in the SMAP
mission budget and if they materialized could affect the funding available for other
Science Mission Directorate (SMD) missions. Figure 1 shows the various vehicles that
could potentially be available for medium-class launches.

" NASA estimates included in NASA’s NLS II Contract Limited Procurement Strategy dated April 2009
are based on 2009 launch vehicle prices with a 10 percent annual escalation.

" NASA’s launch options are launch vehicles currently available for medium-class missions or vehicles that
could be available in the near future if certified to fly NASA missions. The vehicle options include
Taurus II, Falcon 9, Delta II Heavy, and Minotaur.

12 The NLS II Projected Mission Model is a planning document used to project NASA launch services
requirements from 2011 through 2020. NLS II refers to an extension of the ordering period under the
NLS contracts from June 2010 through June 2020.

" The Falcon 9 configurations can meet medium- or intermediate-class launch requirements.
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Figure 1.

for Medium-Class Missions

Current Launch Vehicles Potentially Available

Launch Vehicle Minotaur 1V Falcon 9 Atlas V
Medium to
Vehicle Class Small to Medium Intermediate Intermediate
Projected Cost in
2012 $50 million $111 million $206 million
Approximate Mass
Capability (600
kilometer, polar
orbit) 1,100 kilograms | 6,500 kilograms | 6,800 kilograms

SMD personnel stated that launch requirements for some of the 13 medium-class
missions included in the current NLS II Projected Mission Model potentially could be
met by a Minotaur launch vehicle. We estimate the average cost of using Minotaurs for
these science missions, currently scheduled for launch from 2012 through 2020, to be

$63 million per launch as compared with $141 million per launch using a Falcon 9 and
$264 million per launch for an intermediate-class Atlas V.'* Accordingly, NASA could
save an average of $78 million to $200 million per launch by using a Minotaur rather than
a Falcon 9 or an Atlas V, respectively, for launches occurring through 2020.

'* OIG estimates include basic launch services, mission-unique services, integrated services (e.g., launch
vehicle and payload processing, range safety, engineering and institutional support, and launch pad

support), and telemetry.
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As mentioned previously, the competitive award process for a mission’s launch vehicle
generally occurs 30 months before the scheduled launch date. Therefore, a late 2013 or
early 2014 certification date for a new medium-class launch vehicle may be too late for
the SMAP mission, which is scheduled to launch in November 2014. LSP officials
stated that a launch service task order can be awarded prior to certification. However,
there are inherent schedule and cost risks associated with choosing an uncertified launch
vehicle. NASA’s other science missions that will require a medium-class launch vehicle
are scheduled for launch from 2015 through 2020 and therefore could potentially use new
commercially developed medium-class launch vehicles such as the Falcon 9. However, if
cost-effective commercial medium-class vehicles are not ready for flight in time for these
other missions, NASA could save money by using Minotaurs instead of larger, more
expensive Atlas V intermediate-class launch vehicle.

Obstacles to Using Minotaur

As noted above, after reviewing a draft of our audit report NASA officials told us that
“consistent with law and policy” they will consider using the Minotaur for medium-class
science missions on a case-by-case basis. They explained that for each mission they will
first determine whether cost-effective commercial launch services that meet mission
requirements are available and, depending on the results of that determination, may
pursue using a Minotaur for a particular mission. They also expressed concern that using
the Minotaur for multiple missions would threaten the viability of commercial providers
of small- and medium-class launch services and may increase the number of bid protests
on contract awards because commercial companies would argue that U.S. law and space
transportation policy requires NASA to use U.S. commercial vendors to the maximum
extent practicable.

However, in January 2009 the NASA Administrator signed a memorandum stating that
use of a Minotaur launch vehicle for SMD’s Lunar Atmosphere and Dust Environment
Explorer (LADEE) met the requirements of the Commercial Space Act and National
Security Presidential Directive-40, “U.S. Space Transportation Policy,” December 21,
2004. Moreover, NASA successfully defended this decision against a subsequent bid
protest.

The LADEE mission is a small, 284-kilogram satellite designed to orbit the Moon
originally scheduled for a 2010 or 2011 launch. During its planning process, NASA
evaluated a series of potential launch vehicles, including SpaceX’s Falcon 9 and

Falcon le, and determined that the Minotaur launch vehicle best met NASA’s
requirements. In October 2009, SpaceX filed a bid protest with the Government
Accountability Office (GAO) claiming that the contract award to Orbital for the Minotaur
violated the Commercial Space Act of 1998 because NASA unreasonably concluded that
no cost-effective commercial launch services were available from U.S. providers. On
February 1, 2010, GAO denied SpaceX’s protest, stating that NASA reasonably
concluded that cost-effective commercial alternatives to the use of the Minotaur for the
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LADEE mission were not available. The LADEE mission is currently scheduled for
launch in May 2013.

Finally, current law allows NASA to use excess intercontinental ballistic missiles under
certain circumstances. The Commercial Space Act of 1998 requires the NASA
Administrator to obtain approval from the Secretary of Defense to use a Minotaur as a
space transportation vehicle and to certify to Congress that the use of the Minotaur would
result in cost savings to the Federal Government, meet all mission requirements, and be
consistent with international obligations of the United States. In addition, Title 42,
United States Code (U.S.C.), Section 14734 (Use of excess intercontinental ballistic
missiles) provides NASA the option of using space vehicles derived from excess
intercontinental ballistic missiles, such as the Minotaur.

Management Action

We recommend that the Assistant Associate Administrator for Launch Services and the
Associate Administrator for SMD evaluate whether cost-effective and mission-suitable
commercial launch vehicles will be reasonably available when required for the SMAP
mission scheduled for launch in November 2014. As part of this evaluation, they should
consider whether the Minotaur could meet mission requirements and whether its use
would result in a cost savings in accordance with the Commercial Space Act of 1998. In
addition, the Assistant Associate Administrator and the Associate Administrator should
conduct a similar evaluation for each future medium-class science mission.

In response to a draft of this report, the Associate Administrators for Science and Space
Operations concurred with our recommendation and stated that the intent of the
recommendation reflects NASA’s current process. The Associate Administrators also
expressed concern with the impact that use of the Minotaur could have on the commercial
space transportation industry. Nevertheless, they indicated that NASA will consider the
Minotaur as a launch option for its science missions consistent with law and policy (see
the Agency’s response in Appendix D). The Associate Administrators also provided
technical comments to our draft report, which we incorporated into the report as
appropriate.

We commend NASA for making clear its commitment to considering economical
alternatives like the Minotaur for its medium-class launch services requirements,
especially in the current fiscally constrained environment. We consider NASA’s
comments to be responsive to our recommendation and the recommendation to be
resolved. We will close the recommendation upon completion and verification of the
planned action.
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INTRODUCTION

Background

The Commercial Space Act of 1998. To encourage the development of acommercial
space industry in the United States, Congress enacted Public Law 105-303 (Title 42,
United States Code, Section 14701), the Commercial Space Act of 1998. Section 201 of
the Act requires NASA and other Federal agenciesto plan missions and procure space
transportation services from U.S. commercial providers to the maximum extent
practicable. However, the Act also provides exceptions that alow the Federal
Government to acquire space transportation services from noncommercial sources, such
as the Department of Defense (DOD), on a case-by-case basis. Specifically, the Act
states that the Federal Government is not required to acquire commercia space
transportation servicesiif:

on a case-by-case basis, the [NASA] Administrator or, in the case of a national
security issue, the Secretary of the Air Force, determines that—

(1) apayload requires the unique capabilities of the Space Shuttle;

(2) cost effective space transportation services that meet specific mission requirements
would not be reasonably available from United States commercial providers when
required;

(3) the use of space transportation services from United States commercial providers
poses an unacceptable risk of loss of a unique scientific opportunity;

(4) the use of space transportation services from United States commercial providers
isinconsistent with national security objectives,

(5) the use of space transportation services from United States commercial providers
is inconsistent with international agreements for international collaborative efforts
relating to science and technology;

(6) it is more cost effective to transport a payload in conjunction with a test or
demonstration of a space transportation vehicle owned by the Federal Government; or

(7) apayload can make use of the available cargo space on a Space Shuttle mission as
a secondary payload, and such payload is consistent with the requirements of research,
development, demonstration, scientific, commercial, and educational programs
authorized by the Administrator.

NASA'’s Launch Services Program (LSP) acquires launch servicesfor NASA's
Exploration Systems Mission Directorate (ESMD) and Science Mission Directorate
(SMD) aswell asfor the national security community, the National Oceanic and
Atmospheric Administration, and DOD. The principal objective of LSP isto provide
safe, reliable, cost-effective, on-schedule processing, advanced analysis, integration, and
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launch services for NASA and NASA-sponsored payloads using expendable launch
vehicles (ELVs).

ELVs are designed to launch NASA science, DOD, commercial, and Federal agency
payloads into space, are only used once, and their components typically are not recovered
after launch. ELVs generally use two or more rocket stages, which fall back to Earth
when their engine burns are complete. Whatever an ELV carries above the final
discarded stage is considered the payload.

A payload’s weight, orbital destination, and purpose determine what size launch vehicle
is required. Three classes of ELVs have traditionally been available to NASA: small,
which can carry payloads weighing between 200 and 800 kilograms; medium, which can
carry payloads weighing between 1,500 and 3,200 kilograms; and intermediate, which
can carry payloads weighing more than 3,500 kilograms.

Depending on the size of the payload, LSP acquires ELV launch services and directs the
management and operation of NASA-owned launch sites and payload processing
facilities. LSP-acquired launch vehicles are scheduled by NASA’s Flight Planning
Board, which is composed of members from each of the NASA Mission Directorates,
Office of Safety and Mission Assurance, and Office of the Chief Engineer. Through the
Flight Planning Board process, all space access requirements and priorities are assessed to
develop Flight Planning Board Manifests that meet the requirements and capabilities of
the Agency.

NASA Launch Services Contract. LSP awards multiple NASA Launch Services (NLS)
contracts to a variety of launch services providers. Once a year, existing and emerging
domestic launch services providers may submit proposals to compete for launch services
contracts. NLS contracts included firm-fixed-price indefinite-delivery, indefinite-quantity
(IDIQ) contracts with negotiated not-to-exceed prices with United Launch Alliance
(ULA) for Atlas and Delta launch services, Orbital Sciences Corporation (Orbital) for
Pegasus and Taurus launch services, Space Exploration Technologies Corporation
(SpaceX) for Falcon launch services, and Lockheed Martin for Athena launch services.

The ordering period for the NLS contract expired June 2010. In preparation for the award
of follow-on contracts to the current NLS contracts, LSP decided to continue to use the
IDIQ task order contract method and extended the ordering period under the existing NLS
contract from June 2010 through June 2020."° Extending the ordering period allows
current providers to offer launch vehicles currently under contract as well as new launch
vehicles that were not available at the time of the award of the base contract.'® The
extension also gives new providers an opportunity to offer launch vehicles and compete
to provide future launch services. Launch services for new missions are added through

15 This extension is referred to as “NLS I1.”
16 ULA’s Delta II was not offered under NLS 1.
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the issuance of solicitations that result in the award of a firm-fixed-price launch service

task order.

On September 4, 2009, NASA issued a request for proposals for potential launch services
for launches scheduled from 2010 through 2020. Contractor proposals were received on
October 19, 2009, and contract awards were made on September 23 and 24, 2010. The

mission model in Table 1 below was included in the request for proposal to identify

potential launch services requirements for the NLS II contract.

Table 1. Projected NLS Il NASA Missions
Launch Projected Number of Missions by Launch Year
Vehicle Class | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | Total | SMD"
Small 0 2 1 1 0 0 0 1 0 0 5 5
Medium 0 0 0 1 2 1 2 2 3 2 13 13
Intermediate 0 0 1 1 2 2 2 2 14 9
Total 0 2 2 3 3 4 4 5 5 4 32 27
Minotaur-
possible
missions” 1 1 1 1 1 1 6 6
*Medium-class missions that, as of summer 2009, SMD personnel stated may fit on a Minotaur launch vehicle.
° Number of SMD missions out of the total number of NASA missions.

NASA projects that the value of NLS contracts will increase from $5 billion to

$15 billion under NLS II. NASA’s projection was based on 2009 prices with a 10 percent

annual escalation to estimate the cumulative maximum contract value of the NLS 11
contract through 2020. Under the previous contract, NASA computed an average of

$115 million for each medium-class mission from 1999 through 2010."” According to
NASA officials, medium-class launch vehicles are projected to cost approximately
$200 million per launch under the NLS II contract, a 74 percent increase over 1999-2010
average launch costs. 18 Although actual contractor cost data was not available, industry

studies and NASA officials stated that the cost of manufacturing launch vehicles, the

overall decline in global demand, and the cost of developing and maintaining launch pad
infrastructure contribute to the projected increase in launch services costs.

Declining Commercial Market. We found that the limited global demand for
U.S. commercial launch vehicles and NASA’s projected 13 medium-class launches for
2010 through 2020 may not provide enough business for U.S. launch providers to remain

" NASA’s projection was included in the NLS II Contract Limited Procurement Strategy, April 28, 2009,

which calculated the NLS medium-class contract value of $1.38 billion, divided by 12 medium-class

missions resulted in an average of $115 million per mission.

" NASA’s projection was included in the NLS II Contract Limited Procurement Strategy, April 28, 2009,
which calculated the NLS II medium-class contract value of $3.00 billion, divided by 15 medium-class
missions resulted in an average of $200 million per mission.
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viable. For example, according to the Federal Aviation Administration only 4 of 23
(17 percent) commercial launches around the world from January through September
2009 used U.S. launch providers. The other 19 launches (83 percent) obtained services
from foreign launch providers in Russia and Europe.

Federal Aviation Administration data and space industry studies show that foreign launch
providers, some of which receive extensive government support, can offer launch services
with the same or greater performance at a lower cost than U.S. launch providers. NASA
and space industry studies indicate that launch vehicles from U.S. providers will remain
more expensive than foreign launch vehicles as long as the worldwide demand for
U.S.-manufactured launch vehicles continues to decline and U.S. launch providers are
required to pay for launch pad infrastructure costs.

National Security Presidential Directive-40 allows the Secretary of Defense to provide
funds for fixed costs incurred by launch services providers supplying intermediate-class
launch vehicles as part of the Evolved Expendable Launch Vehicle (EELV) Program. "’
Currently, DOD pays the entire launch pad infrastructure cost for EELVs such as the
Atlas V, vehicles capable of carrying intermediate and larger payloads. However, the
U.S. Government does not provide the same financial support for small- and medium-
class launch vehicles. Without Government funding for infrastructure such as launch
pads, most U.S. vehicles will remain too expensive to compete with similar vehicles
provided by other nations.

Program Oversight. The Assistant Associate Administrator for Launch Services, Space
Operations Mission Directorate (SOMD), is responsible for oversight, program
requirements, evaluation, and assessment of the LSP. In coordination with the Flight
Planning Board, the Assistant Associate Administrator approves class of service, launch
date, launch site, and publication of the monthly Flight Planning Board Manifest. A
program manager and the LSP Office, located at Kennedy Space Center, assist in the
execution of the LSP. Kennedy also provides personnel, facilities, and resources in
support of LSP’s procurements to include safety and mission assurance functions.

Objectives

The overall objectives of this audit were to evaluate whether NASA’s LSP acquired
ELVs within costs and timeframes established by the NLS contracts. We also evaluated
whether the acquisition strategy NASA provided to Congress for post-2010 ELV
procurements was cost-effective and the most advantageous to the Government. See
Appendix A for details of the audit’s scope and methodology, our review of internal
controls, and a list of prior coverage.

" The EELV Program is jointly funded between the Air Force and the commercial space industry.
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RESULTS

NASA’S LAUNCH SERVICES PROGRAM PROVIDED
LAUNCH VEHICLES WITHIN COSTS AND
TIMEFRAMES ESTABLISHED BY CONTRACT

NASA’s LSP provided ELVs that were within negotiated costs and timeframes for
launches between 2008 and 2009. Our review of the five NASA missions launched
from June 2008 through June 2009 with services provided by LSP found that launch
services costs were approximately 19 percent of total mission costs, which was
below the 20 percent budgeted by the SMD.*® In addition, launch vehicles for small-,
medium-, and intermediate-class missions were available within timeframes
specified by the contract.

Launch Vehicles Provided within Cost

To evaluate the costs of ELVs acquired by LSP, we selected 5 of the 21 missions
scheduled to launch from 2008 through 2012.%" These five NASA science missions
launched from June 2008 through June 2009 and used the following launch vehicles and
providers:

e Interstellar Boundary Explorer (IBEX) — Pegasus XL (Orbital),
e Orbiting Carbon Observatory (OCO) — Taurus XL (Orbital),

e (Gamma-ray Large Area Space Telescope (GLAST) and Kepler — Delta II (ULA),
for two launches, and

e Lunar Reconnaissance Orbiter (LRO) and Lunar Crater Observation and Sensing
Satellite (LCROSS) — Atlas V (ULA).

To determine whether LSP provided ELVs within negotiated costs for these five
missions, we compared the total mission costs with launch services costs. We found that
the total launch services costs for the five missions were 19 percent of total mission costs
(see Table 2 for details of the five missions’ costs). Total mission costs for the five
missions ranged from $185 million to $549 million, with launch services costs from

2 Tncludes basic launch services (standard launch vehicle hardware, range coordination, etc.), mission-
unique services (requirements necessary to customize the basic vehicle to meet spacecraft and mission
needs), integrated services (launch vehicle and payload processing, range safety, engineering and
institutional support, and launch pad support), telemetry, and other costs such as pad infrastructure.

! The 21 launches scheduled from 2008 through 2012 included NASA, Air Force, and National Oceanic
and Atmospheric Administration missions. Of the 9 missions launched from June 2008 through June
2009, 5 were NASA missions.

REPORT No. 1G-11-012 5



RESULTS

$39 million for a small-class launch vehicle to $128 million for an intermediate-class
launch vehicle.?

Table 2. Launch Services Costs and Total Mission Costs
Launch
Launch Mission | Services | [ aunch Services’
Vehicle Costs Costs Portion of
Mission Class Launch Date (Dollars in millions) Mission Costs
GLAST Medium June 11, 2008 $503.4 $ 80.4 16 percent
IBEX Small Oct. 19, 2008 185.0 39.1 21 percent
OCO Small Feb. 24, 2009 271.9 52.3 19 percent
Kepler Medium March 6, 2009 472.5 82.3 17 percent
LRO/LCROSS | Intermediate | June 18, 2009 549.4 128.4 23 percent
Average $396.5 $76.5 19 percent

As shown in the table, three of the five launches we reviewed were below the 20 percent
of the overall mission costs budgeted by SMD, as was the overall average of all five
missions. Further, we compared launch service task order costs with the net obligation
authority in the planning, programming, budgeting, and execution (PPBE) documents for
the five missions in our sample.”> We found that the average launch service task order
costs for all five launches from June 2008 through June 2009 were 3 percent below basic
launch services and mission-unique costs established by the net obligation authority in the
planning documents.

Launch Vehicles Provided on Time

LSP acquired and made available ELVs for small-, medium-, and intermediate-class
missions within timeframes established by the NLS contracts. Our review of NASA’s
2009 Major Program Annual Report concerning delayed launches confirmed that the
delays in the missions were due to technical issues with the projects and not related to the
acquisition or readiness of the LSP-provided ELVs. Table 3 compares planned launch
dates with actual launch dates for the five NASA missions that we reviewed.

22 Total mission costs consisted of basic launch services plus mission-unique costs, integrated services,
telemetry, and other costs.

3 Launch service task order costs consist of basic launch services and mission-unique costs. Also, net
obligation authority is the amount that NASA obligated to cover launch service task order costs.

6 REPORT No. 1G-11-012



RESULTS

Table 3. Initial Launch Dates and Actual Launch Dates
Initial Actual Delay
Mission Launch Date | Launch Date | (Days) Cause of Delay
GLAST Sept. 30,2007 | June 11, 2008 255 project development
IBEX June 15,2008 | Oct. 19, 2008 126 project testing
0CO Sept. 30, 2008 | Feb. 24, 2009 147 project development
Kepler June 30, 2008 | March 6, 2009 249 project development
LRO/LCROSS | Oct. 30,2008 | June 18, 2009 231 project testing
Average delay 202

NASA’s 2009 Major Program Annual Report stated that project development and testing
delayed mission launches by an average of 202 days for the five missions we examined.
For example:

The GLAST Project was rebaselined due to cost overruns and schedule delays
associated with the development of the avionics system, the Large Area Telescope
instrument, and the Command and Data Handling subsystem.

The IBEX Project was rebaselined on September 6, 2006, for launch in the third
quarter of 2008 to accommodate favorable Moon geometry.

The OCO Project experienced difficulties with the subcontractor for its primary
instrument, which resulted in a 4-month launch delay.** As a result, NASA
decided to finish the instrument work in-house at the Jet Propulsion Laboratory,
which contributed to increases in cost and schedule delays.

The Kepler Project underwent a major restructuring during fiscal year 2006
because of cost overruns and contractor workforce problems. The contractor’s
inefficiencies resulted in increased programmatic costs and schedule delays.

The LRO/LCROSS Project was delayed because of a nutation problem with LRO
(nutation is an attitude stability problem that could cause spacecraft pointing
errors or even result in tumbling and loss of spacecraft). Because Delta II’s upper
stage is spin-stabilized, which could initiate a nutation problem with LRO, the
launch vehicle was changed from a Delta II to an Atlas V, increasing the LRO
budget by $15 million.

** The OCO Project was a NASA satellite mission that launched on an Orbital Taurus XL. On February 24,
2009, the OCO mission was lost in a launch failure when the fairing failed to separate from the Taurus
launch vehicle during ascent.
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NASA’S ACQUISITION STRATEGY FOR MEDIUM-
CLASS LAUNCH VEHICLES DID NOT INCLUDE
THE USE OF MINOTAUR LAUNCH VEHICLES

NASA’s acquisition strategy for medium-class launch services is based on an
assumption that commercial partners will be able to develop affordable medium-
class launch vehicles to replace the Agency’s vehicle of choice, the Delta II, which is
no longer in production. According to NASA officials, contingency plans would
choose between the five available 7920 heavy configuration Delta IIs remaining in
ULA’s inventory and the more powerful and expensive Atlas V, an intermediate-
class launch vehicle, until commercial U.S. launch providers can develop a new
medium-class launch vehicle. However, heavy configuration Delta IIs can only
launch from Cape Canaveral Air Force Station, not the location from which NASA
science missions are typically launched. Therefore, NASA would likely use
intermediate-class launch vehicles until an affordable commercially provided
medium-class vehicle is available. NASA officials estimated in the NLS II Contract
Limited Procurement Strategy Meeting, April 28, 2009, that the cost of an
intermediate-class launch vehicle like the Atlas V will be approximately

$300 million as opposed to an estimated $200 million for a medium-class launch
vehicle like the Delta II.

We found that in its acquisition strategy and related contingency plans, NASA did
not identify the Minotaur launch vehicle as a possible option to meet its medium-
class launch needs during this interim period. DOD uses Minotaur launch vehicles,
which are derived from the motors of decommissioned U.S. intercontinental ballistic
missiles (ICBMs), to satisfy some of its small- and medium-class mission
requirements. Including the Minotaur in NASA’s acquisition strategy for medium-
class missions could provide NASA a less expensive alternative than an
intermediate-class vehicle and could be a viable interim solution for some of its
medium-class science missions scheduled for 2010 through 2020.

Our analysis shows that launch services costs in 2012, using a Minotaur IV would be
between $61 million and $156 million less per launch than using Falcon 9 or Atlas V
intermediate-class launch vehicle. As a result, NASA could realize substantial
savings by using Minotaur for appropriate medium-class science missions scheduled
for launch through 2020 if cost-effective commercial alternatives are not available.

NASA’s reluctance to consider the Minotaur revolves around its concern that use of
Minotaurs may discourage commercial providers from entering or participating in the

> $61 million to $156 million is the difference between the price of ordering a Falcon 9 or an EELV in
2012, estimated at $111 million and $206 million, respectively, and the Minotaur price of $50 million.
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launch services market. Most commercial providers enter the market with small-
class vehicles for which demand is limited. According to NASA officials, if
potential commercial launch providers perceive a further lack of launch opportunities
due to the Government’s use of existing Minotaurs in the small- and medium-class
market, they may be reluctant to bid on launch services contracts in the future. In
addition, NASA officials said that commercial launch providers would likely protest
any contract award for a Minotaur launch vehicle on the ground that U.S. law and
transportation policy requires NASA to use U.S. commercial vendors to acquire
space transportation services to the maximum extent practicable.

NASA’s Acquisition Strategy

Section 621 of the NASA Authorization Act of 2008 required NASA to develop a
strategy for providing domestic commercial launch services in support of small- and
medium-class missions of NASA’s Exploration Systems, Science, and Space Operations
Mission Directorates. As set forth in an August 2009 report to Congress (see

Appendix C), NASA’s strategy for small-class launch services is to seek competition
through a mix of existing providers under contract and new providers currently working
to demonstrate that they are able to meet NASA’s mission requirements.

Strategy for Small-Class Launch Services. In September 2009, NASA extended the
ordering period under existing NLS contracts from June 2010 through June 2020. The
extension, referred to as NLS II, gives both current and new providers an opportunity to
offer launch vehicles through June 2020. According to NASA officials, small-class
launch vehicles are important because, historically, new commercial launch services
providers have started with smaller vehicles before moving on to develop larger ones.
Orbital and SpaceX provide small-class launch vehicles — the Pegasus and Taurus
(Orbital) and Falcon 1 (SpaceX) — under NLS contracts. Under NLS II contracts, existing
and new launch services providers that meet minimum contract requirements can submit
proposals to furnish launch services for NASA and NASA-sponsored payloads.
However, NASA officials said there may not be enough business in this class of launches
to sustain more than one or two commercial providers. For example, NASA’s NLS II
Projected Mission Model identifies only five small-class missions from 2010 through
2020. NASA estimates that each launch using a small-class launch vehicle will cost
approximately $100 million under NLS II contracts.*® Under the previous NLS contracts,
each launch using a small-class launch vehicle cost approximately $48 million.*’

2 NASA’s projection included in NASA’s NLS II Contract Limited Procurement Strategy, April 28, 2009,
is based on 2009 launch services prices with a 10 percent annual escalation.

T OIG cost projection based on the average cost of four small-class NASA missions scheduled to launch
from 2008 through 2012. The IBEX mission cost $39.1 million and flew on a Pegasus. The OCO
mission cost $52.3 million and flew on a Taurus XL. The NuSTAR mission, estimated to cost
$35.8 million, and the Glory mission costing $64.4 million had not flown as of January 2011.
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Strategy for Medium-Class Launch Services. NASA’s strategy for medium-class
launch services is linked to development activities currently underway as part of the
Agency’s Commercial Orbital Transportation Services (COTS) Program. The COTS
Program is a partnership between NASA and two commercial partners (Orbital and
SpaceX) to develop a new cargo transport capability to resupply the International Space
Station (ISS) after termination of the Space Shuttle Program. In December 2008, the
Agency awarded both companies Commercial Resupply Services (CRS) fixed-price
contracts. At the time of award, NASA ordered eight flights valued at about $1.9 billion
from Orbital and 12 flights valued at about $1.6 billion from SpaceX. NASA anticipates
that spreading fixed costs over a larger number of resupply flights for the ISS under the
CRS contracts will result in competitively priced medium-class launch vehicles.

However, COTS Program management told the OIG that Orbital and SpaceX were not
currently developing launch vehicles with all of the capabilities typically required by
NASA science missions. Therefore, launch vehicles developed for ISS resupply missions
will need additional capabilities before they can fully meet requirements to serve as
launch vehicles for NASA’s medium-class science missions.

Moreover, launch vehicles currently under development for ISS resupply missions are
unlikely to be certified in time for at least the first of NASA’s upcoming medium-class
science missions. NASA policy requires that new launch vehicles pass a launch vehicle
certification process to ensure the launch vehicle meets NASA’s risk category
requirements and that those risks are mitigated.”® SpaceX’s Falcon 9 is currently the only
medium-class launch vehicle available on the NLS II contracts and LSP officials said they
expect it to be certified for science missions between late 2013 and early 2014. LSP and
SMD officials told us that standard practice is for NASA to competitively award a
contract for a mission’s launch vehicle 30 months before a mission’s scheduled launch
date. Therefore, under that timetable NASA should award a launch vehicle contract for
the Soil Moisture Active Passive (SMAP) mission, which is planned for a November
2014 launch, in May 2012, two years before the Falcon 9 is expected to be certified.
Consequently, it appears unlikely the Falcon 9 or any other medium-class launch vehicle
currently under development will be certified prior to making a decision on a launch
vehicle for the SMAP mission.

LSP officials stated that a launch service task order can be awarded prior to certification.
However, there are inherent schedule and cost risks associated with choosing an
uncertified launch vehicle. If the Falcon 9 is selected for the SMAP mission prior to
certification, NASA would need to determine how to address potential cost increases and
schedule delays that could result from technical issues identified during the certification

% NASA Policy Directive 8610.7D, “Launch Services Risk Mitigation Policy for NASA-Owned and/or
NASA-Sponsored Payloads/Missions,” January 31, 2008, requires the Agency to certify that new launch
vehicles meet NASA’s risk category requirements, to include the completion of three successful flights
and performance parameters. Two of the three successful flights are required to be consecutive.
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process. These potential increases are currently not included in the SMAP mission
budget and could affect the availability of funds for other science missions.

NASA had 13 medium-class missions forecast for launch from 2010 through 2020.%°
ULA’s Delta Il is the only medium-class launch vehicle currently available under the
original NLS contracts and only five Delta Ils remain available for NASA missions.
Moreover, these remaining Delta IIs are the heavy configuration models, the highest
performance Delta Il. This version of the Delta Il can only be launched from Space
Launch Complex 17B at Cape Canaveral Air Force Station in Florida, which does not
allow launches to polar orbits. Missions requiring polar orbits (including SMAP and the
Ice, Cloud, and Land Elevation Satellite [ICESat-11]) must be launched elsewhere, such as
Vandenberg Air Force Base in California. In addition, NASA officials said they expect
that in 2012 the total cost of the Delta Il heavy launch vehicle will be approximately the
same as a larger Atlas V intermediate-class launch vehicle.

NASA uses the Atlas V for its intermediate-class missions. The Atlas V is part of a
group of EELVs jointly funded between the Air Force and the commercial space industry
that are capable of carrying intermediate and higher-level payloads. We project the
average cost of Atlas V intermediate-class launch services under NLS Il contracts
beginning in 2012 will be approximately $206 million per launch compared with the cost
of approximately $161 million per launch under the previous NLS contracts.

We assessed the costs of using Atlas V intermediate-class launch vehicles to satisfy
launch requirements of NASA’s medium-class missions using an interactive mission cost
analysis tool developed by the OIG (see Appendix A for details of the tool). Our analysis
found that SMD would need to increase its annual budget by approximately $6 billion
over 10 years or eliminate 8 of the 34 missions (24 percent) planned for 2010 through
2020 to satisfy its medium-class launch requirements if it used intermediate-class launch
vehicles. Based on our analysis, in late August 2009 the SMD revised its Projected
Mission Model and reduced NASA’s launch manifest for science missions for 2010
through 2020 from 34 to 27 missions.

Currently, DOD pays the entire launch infrastructure cost for EELVs. However, NASA
may be required to pay a share of costs associated with base support and infrastructure for
EELVs after 2012. National Security Presidential Directive-40, “U.S. Space
Transportation Policy,” December 21, 2004, requires the Secretary of Defense, the
Director of Central Intelligence, and the NASA Administrator to evaluate the long-term
requirements, funding, and management responsibilities for EELVs and infrastructure.
The Directive states:

That evaluation shall include recommending a proportionate shift of the existing
funding responsibility of the Secretary of Defense to reflect any change to the balance

2 NASA’s NLS 11 Projected Mission Model for 2010 through 2020 as of August 31, 2009, identified
5 small-class, 13 medium-class, and 14 intermediate-class missions.
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between national security and civil missions employing an Evolved Expendable
Launch Vehicle.

If the decision is made to have NASA share in the funding for launch services
infrastructure, we estimate that it could result in an average increase of $100 million for
each NASA EELV mission (see Appendix B).

Use of Minotaur 1V Launch Vehicles Less Costly for NASA’s
Medium-Class Missions

NASA’s " Strategy for Small- and Medium-Class Launch Services’ liststhe Deltall and
AtlasV launch vehicles as aternatives for providing medium-class launch services until
commercia partners are able to devel op affordable medium-class launch vehicles.

NASA'’s strategy did not include using Minotaur IV launch vehicles to satisfy launch
requirements for medium-class missions projected for 2010 through 2020. We concluded
that the Minotaur launch vehicle would be aless expensive aternative for medium-class
launch services for select NASA science missions from 2012 through 2020 at an average
cost of approximately $63 million per launch.

DOD uses Minotaur launch vehicles to satisfy some of its small- and medium-class
mission launch requirements. Although manufactured in the United States by Orbital,
Minotaur launch vehicles are not considered commercial ELV's and are less expensive
because they use Government-furnished solid-fueled rocket motors from decommissioned
Peacekeeper ICBMs.

If NASA were to use Minotaurs for its projected science missions during the next
10 years, launch services costs would average between $78 million and $200 million less
per launch compared to using a Falcon 9 or an Atlas V intermediate-class launch vehicle.

Including the Minotaur in NASA’ s acquisition strategy for medium-class missions would
provide NASA with a cost-effective and proven launch option. Table 4 and the following
paragraphs provide a comparison of Orbital’s Minotaur IV, SpaceX’s Falcon 9, and
ULA’sAtlasV and Deltall launch vehicles.
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Table 4. NASA’s Available Alternatives for Medium-Class Launch Requirements in 2012
Minotaur IV Falcon 9 Atlas V Delta II*
Small to Medium to
Class medium Intermediate Intermediate Medium
Performance
Risk Low Unknown Low Low
California,

Pad Florida, Alaska, California,

Infrastructure Virginia Florida Florida Florida”
Infrastructure DOD pays NASA pays
Costs (2009) None, portable Unknown §$161 million/year | $50 million/year
Launch
Schedule Open N/A Backlogged Open
Average Cost
2012-2020 $63 million $141 million $264 million $200 million°
? Many Delta II components are no longer in production.
® The five remaining Delta II rockets are the 7920 heavy configurations that can only launch from Florida.
“NASA’s projection based on 2009 launch services prices with a 10 percent annual escalation.

Minotaur IV. NASA considers the Minotaur IV a small-class launch vehicle. However,
SMD personnel stated that some of the 13 medium-class missions included in NASA’s
NLS II Projected Mission Model for 2010 through 2020 could potentially fit on a
Minotaur IV launch vehicle. In addition, the Minotaur has a significant flight history with
an excellent success rate. NASA has also assessed Minotaur IV schedule risk and
considered it low. Lastly, we determined that the cost for launch services in 2012 using
Minotaur IV launch vehicles would be approximately $50 million per launch.

Falcon 9. SpaceX’s Falcon 9 is a medium- to intermediate-class launch vehicle that is
still in development. SpaceX has had two successful flights of the Falcon 9, in June 2010
and December 2010, and the vehicle is included in NASA’s NLS II contracts. Currently,
SpaceX does not have a launch facility at Vandenberg and a determination of
performance risk for the vehicle has not yet been made. The estimated cost in 2012, for a
Falcon 9 is approximately $111 million per launch.

Atlas V. ULA’s Atlas V is an intermediate-class launch vehicle and NASA’s
contingency plan is to use the Atlas V for future medium-class missions if new medium-
class launch vehicles currently in development are not available in time. The Atlas V can
meet the technical requirements for mass and trajectory for all 13 projected medium-class
missions. In addition, NASA officials said the Atlas V’s performance risk is low because
it is certified to carry high-priority payloads and has a significant flight history with an
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excellent success rate. We estimated that launch services costs in 2012, using an Atlas V
launch vehicle will be approximately $206 million per launch under NLS II contracts.

Delta Il. ULA’s Delta II is a medium-class launch vehicle. Delta II was the only
medium-class launch vehicle available under the original NLS contracts. However, there
is no Delta II under the NLS II contract and only five Delta IIs remain in ULA’s
inventory, and all five are the heavy configuration that can only launch from Cape
Canaveral Air Force Station. Delta II can meet the technical requirements for mass and
trajectory for some of the 13 projected medium-class missions. In addition, the Delta II
has been NASA’s launch vehicle of choice for nearly 60 percent of its science missions.
It is certified to carry high-priority payloads and has a significant flight history with an
excellent success rate. NASA projected that using medium-class Delta II launch vehicles
could cost approximately $200 million per launch.

As noted earlier, Delta IIs are no longer being produced. Accordingly, if NASA wanted
to continue using the Delta II after the unsold inventory is depleted, ULA would need to
restart production of the major components of the Delta II launch vehicle, which would
increase the cost and delay the schedule for medium-class missions. NASA officials
estimate that the costs of restarting and sustaining production lines and launch pad
infrastructure for the Delta II would make the total cost for that vehicle approximately the
same as using the larger Atlas V.

Obstacles to Using Minotaur Launch Vehicles

14

U.S. law and space transportation policy require NASA to use U.S. commercial vendors
to acquire space transportation services to the maximum extent practicable. However,
Title 42, United States Code (U.S.C.), Section 14734 (Use of excess intercontinental
ballistic missiles) provides NASA the option of using space vehicles derived from excess
ICBMs, such as the Minotaur. In accordance with the Commercial Space Act of 1998,
the NASA Administrator can seek approval from the Secretary of Defense to use a
Minotaur as a space transportation vehicle. However, the Administrator must certify to
Congress that the use of the Minotaur would result in cost savings to the Federal
Government, meet all mission requirements, and be consistent with international
obligations of the United States.

In January 2009, the NASA Administrator signed a memorandum stating that the use of a
Minotaur launch vehicle for the LADEE mission met Commercial Space Act and U.S.
Space Transportation Policy requirements. This mission required launch services to
transport the LADEE spacecraft into a circular lunar orbit to analyze the lunar atmosphere
and to test communications capabilities from lunar orbit. NASA evaluated potential
launch vehicles for this mission based on four criteria: technical capability, risk,
schedule, and cost. NASA’s launch vehicle evaluations included the Minotaur V, a
five-stage launch vehicle consisting of three stages that use Government-furnished
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components from decommissioned Peacekeeper ICBMs, and two launch vehicles offered
by SpaceX — the Falcon le and Falcon 9. NASA concluded that the Minotaur V and
Falcon 9 launch vehicles could meet the LADEE mission’s technical requirements, but
the Falcon 1e launch vehicle was not capable of achieving the required trans-lunar orbit.

Although neither the Minotaur V nor the Falcon 9 has a NASA flight history, NASA
concluded that the Minotaur V had the lowest technical and schedule risk given the
Government’s experience with the Minotaur V’s design and the scheduled launches of its
predecessor, the Minotaur IV. NASA concluded that the projected costs for the Falcon 9,
in light of the anticipated Government oversight required to ensure a successful mission,
would be approximately twice those for the Minotaur V. Based on these findings, NASA
concluded that there were no cost-effective commercial launch services available from
U.S. providers for the LADEE mission.

In August 2009, the Air Force issued a delivery order to Orbital under its IDIQ contract
for launch services for the LADEE mission using a Minotaur V.*® SMD personnel stated
that Air Force launch services costs for the LADEE mission would be approximately
$46 million, which is comparable to costs for launch services provided by LSP under the
NLS contracts.

In October 2009, SpaceX filed a bid protest with the Government Accountability Office
(GAO) claiming that the contract award to Orbital for the Minotaur V violated the
Commercial Space Act of 1998. SpaceX argued that NASA unreasonably concluded that
no cost-effective commercial launch services were available from U.S. providers. On
February 1, 2010, GAO denied SpaceX’s protest, stating that NASA reasonably
concluded that cost-effective commercial alternatives to the use of ICBM assets for
launch services were not available.

Conclusion

Under NASA'’s published acquisition strategy for launch services, the Agency indicated it
may use more costly intermediate-class launch vehicles for its medium-class science
missions planned for 2010 through 2020. Our analysis shows that Minotaur launch
vehicles could provide NASA a significantly less expensive alternative than these
intermediate-class vehicles and therefore should be considered. Moreover, the Falcon 9,
the only medium-class commercial vehicle currently in a position to be certified within
the next several years, would cost at least twice as much as a Minotaur and therefore
NASA would need to carefully consider whether its use is “cost effective” as that phrase
is used in the Commercial Space Act of 1998.

3% Minotaur launch vehicles are available through the U.S. Air Force’s Orbital/Suborbital Program 2
contract. The contract is administered by the U.S. Air Force Space and Missile Systems Center, Space
Development and Test Wing, located at Kirtland Air Force Base, New Mexico.
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Recommendation, Management’s Response, and Evaluation of

16

Management’s Response

Recommendation. The Assistant Associate Administrator for Launch Services and the
Associate Administrator for SMD should evaluate whether cost-effective and mission-
suitable commercial launch vehicles would be reasonably available when required for the
SMAP mission scheduled for launch in November 2014. As part of this evaluation, they
should consider whether the Minotaur could meet mission requirements and whether its
use would result in cost savings in accordance with the Commercial Space Act of 1998.
In addition, the Assistant Associate Administrator and the Associate Administrator
should conduct a similar evaluation for each future medium-class science mission.

Management’s Response. The Associate Administrators for Science and Space
Operations concurred with our recommendation and stated that the intent of the
recommendation reflects NASA’s current processes. The Associate Administrators also
expressed concern with Minotaur’s impact on the commercial space transportation
industry; however, they stated that Minotaur will continue to be considered as a launch
services option consistent with law and policy.

Evaluation of Management’s Response. The Associate Administrators’ planned action
is responsive. The recommendation is resolved and will be closed upon completion and
verification of the proposed action.
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APPENDIX A

Scope and Methodology

We performed this audit from March 2009 through November 2010 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 interviewed management officials from LSP, the Commercial Crew and Cargo
Program Office, SMD, SOMD, and ESMD. We discussed areas related to LSP’s future
acquisition strategy; NLS contract costs, technical performance, risk, and schedule
requirements; the status of ISS CRS contract efforts; and SMD’s and ESMD’s budget
estimates and future mission requirements.

Evaluation of ELVs Provided under the NLS Contract. To evaluate costs and
timeliness of ELVs provided by NASA’s LSP, we selected 5 out of 21 missions
scheduled to launch from 2008 through 2012. The five missions we selected for our
sample were NASA-only missions, with services provided by LSP. We also ensured that
our sample included all classes of launch vehicles covered under the previous NLS
contract. Our sample consisted of the following:

e two small-class missions,

0 one using a Pegasus XL (Orbital) launch vehicle,

0 one using a Taurus XL (Orbital) launch vehicle;
¢ two medium-class missions using Delta II (ULA) launch vehicles; and
¢ one intermediate-class mission using an Atlas V (ULA) launch vehicle.

To evaluate whether LSP acquired ELVs that were cost-effective for the five missions,
we compared the total launch services costs from the May 5, 2009, “Planning,
Programming, Budgeting, and Execution (PPBE)” data with total mission cost from the
Major Annual Program Report data in the 2010 NASA Budget.

We also compared the individual launch service task order costs with the net obligation
authority for basic launch services and mission-unique costs in the May 2009 PPBE data.
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To evaluate whether LSP-provided ELVs were timely for the five missions, we reviewed
and compared NASA’s 2009 Major Annual Program Report’s initial launch dates with
actual launch dates.

Evaluation of Post-2010 Strategy. To evaluate whether NASA’s acquisition strategy
for ELVs after 2010 is cost-effective and the most advantageous to the Government, we
reviewed the draft and final NASA reports, “Strategy for Small- and Medium-Class
Launch Services,” dated February and August 2009, respectively (the final report is in
Appendix C). In addition, we requested that SMD personnel identify medium-class
missions included in NASA’s NLS II Projected Mission Model for 2010 through 2020
that could be potentially satisfied with Minotaur IV launch vehicles. We also compared
NASA’s projected costs for small-, medium-, and intermediate-class launch vehicles
under the NLS II contract with FY 2009 budget data from SMD and the U.S. Air Force
for Minotaur IV launch vehicles. See Appendix B for details on the potential monetary
benefits that we identified.

To assess the cost of using intermediate-class launch vehicles to satistfy launch
requirements of NASA’s medium-class missions, we developed an interactive mission
cost analysis tool that compares mission and launch vehicle cost data with budgets. The
tool uses NASA contract requirements, annual budgets, project development inflation,
technological change costs, inflationary schedule change, project size, number of projects,
average years to develop projects, average launch services costs, and assignment of
launch vehicles to projects. In addition, the tool computes budget requirements to cover
future mission costs, formulates cost avoidance based on assignment of launch vehicles,
predicts impact on the number of future missions, and displays the cumulative budget
deficit or gain. We used the tool to analyze the NLS II Projected Mission Model, dated
August 3, 2009, that included 38 (34 SMD) ELV missions. On August 28, 2009, we
provided SMD and LSP officials our cost analysis tool and shared our results. On
August 31, 2009, SMD personnel provided us a revised Projected Mission Model that
reduced NASA’s launch manifest from 38 to 32 (27 SMD) missions for 2010 through
2020.

Launch Vehicles under Development. To determine whether commercial launch
vehicles under development would be available and certified for NASA’s medium-class
science missions when required, we discussed the issue with LSP and SMD officials. We
compared Orbital and SpaceX’s COTS development milestones on file in the COTS
Program Office with the scheduled launches of medium-class science missions included
in NASA’s mission model for 2010 through 2020. Using COTS milestones, we
developed a timeline that estimated the launch vehicle selection and certification dates for
the SMAP mission. We compared SMAP’s estimated launch vehicle selection dates with
LSP’s estimated launch vehicle certification dates to determine whether developmental
launch vehicles would be available for the SMAP mission when required.
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Use of Computer-Processed Data. We assessed the reliability of computer-processed
data used to perform this audit by comparing contract cost data, PPBE data, and cost data
in NASA’s Business Warehouse application from LSP, SMD, and ESMD. We also
analyzed Air Force budget data for FY 1999 through FY 2013, contained in Exhibit R-2,
“RDT&E [Research, Development, Test, and Evaluation] Budget Item Justification,”
February 2008, which we obtained from the Defense Technical Information Center in
May 2009. We compared the Air Force budget data with budget information in NASA’s
procurement strategy documents. Although we did not test the general or application
controls of any of these systems, we did compare the data with contract data and
procurement strategy documents and determined that the data was valid and reliable to
support our objectives and conclusions.

Review of Internal Controls

We reviewed and evaluated the internal controls associated with documentation of launch
services requirements, the achievement of milestones, and cost reviews. We found no
internal control deficiencies in any of the three areas.

Prior Coverage

During the last 5 years, GAO has issued seven reports related to the subject of this report.
These reports can be accessed at http:// www.gao.gov.

Government Accountability Office

“NASA: Medium Launch Transition Strategy Leverages Ongoing Investments but Is Not
Without Risk” (GAO-11-107, November 22, 2010)

“NASA: Commercial Partners Are Making Progress, but Face Aggressive Schedules to
Demonstrate Critical Space Station Cargo Transport Capabilities” (GAO-09-618,
June 16, 2009)

“NASA: Assessments of Selected Large-Scale Projects” (GAO-09-306SP, March 2, 2009)

“Space Acquisitions: Uncertainties in the Evolved Expendable Launch Vehicle Program
Pose Management and Oversight Challenges” (GAO-08-1039, September 26, 2008)

“Space Acquisitions: Actions Needed to Expand and Sustain Use of Best Practices”
(GAO-07-730T, April 19, 2007)

“Space Acquisitions: DOD Needs to Take More Action to Address Unrealistic Initial
Cost Estimates of Space Systems” (GAO-07-96, November 17, 2006)
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Government Accountability Office (continued)

“Space Acquisitions: Improvements Needed in Space Systems Acquisitions and Keys to
Achieving Them” (GAO-06-626T, April 6, 2006)

REPORT No. 1G-11-012



APPENDIX B

POTENTIAL MONETARY
BENEFITS

The use of Minotaur IV launch vehicles, derived from the rocket motors of
decommissioned ICBMs, could be a cost-effective interim solution for some of the 13
medium-class science missions planned in NASA’s NLS II Projected Mission Model
through 2020. We learned, through discussions with SOMD officials, that the Air Force
had 35 to 38 Minotaurs in its inventory as of November 2010. In the summer of 2009,
SMD personnel stated that some medium-class missions included in the NLS II mission
model may fit on a Minotaur IV launch vehicle. By using a Minotaur for SMAP instead
of a Falcon 9 or an Atlas V, NASA could potentially save between $61 million and
$156 million per launch if NASA determines that a Minotaur IV meets mission,
technical, risk, and schedule requirements.

Atlas V to Satisfy NASA’s Medium-Class Launch Requirements

Based on our evaluation of LSP’s presentation, “NLS II Contract Limited Procurement
Strategy Meeting (PSM),” April 28, 2009, NASA determined the maximum average cost
over the next 10 years of using an intermediate-class Atlas V at approximately

$300 million per mission.

We performed a detailed analysis of LSP’s PPBE using the maximum net obligation
authority from May 26, 2009, for two missions: SMAP and ICESat-II. These missions
were identified by SMD as two missions that were possible candidates for a

Minotaur IV.*! To project the price of what an Atlas V would cost for SMAP ordered in
2012, we used an annual escalation of 6 percent (inflation) that projected the average at
$206 million.

However, we noticed that the PPBE estimates did not include Atlas V launch pad
infrastructure costs. Because the Air Force charged NASA a user fee to cover
infrastructure costs for Delta II launches, we believe that the Air Force may charge a
similar user fee for Atlas V. Based on the ULA’s not-to-exceed NLS II prices, the
Atlas V pad infrastructure costs for the SMAP mission could reach $128 million, for a
total cost of $334 million for the SMAP mission using Atlas V.

The following cost comparison chart also illustrates the cost trend for SMAP (ordered in
2012 and expected to launch in 2014), ICESat-II (ordered in 2013 and expected to launch

3! Following the issuance of the draft of this report, SMD officials stated that ICESat-II now exceeds the
capability of Minotaur IV.
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in 2015), and other (2014-2020) medium-class missions without Atlas V pad
infrastructure costs.

Cost of Using Minotaur IV, ATLAS V, and Falcon 9
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Meeting Launch Requirements for Medium-Class Missions
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Based on our review of launch services costs related to the LADEE mission scheduled for
launch in May 2013, and considering inflation, we believe that launch services costs for
SMAP on a Minotaur IV will be approximately $50 million per launch as opposed to the
$111 million for a Falcon 9 and $206 million projected for an Atlas V. If NASA
determines that a Minotaur IV meets technical, risk, and schedule requirements for the
medium-class missions included in the NLS II Projected Mission Model, NASA could
avoid spending between $61 million and $156 million per launch, depending on the
launch vehicle.

In December 2008, SMD, in collaboration with SOMD, recommended the Minotaur V
launch vehicle for the LADEE mission. Through discussion with SMD officials, we
estimated costs for LADEE at approximately $46 million, which is comparable to costs
for launch services provided by LSP under the NLS contract. Services encompassed
basic launch services, mission-unique services, integrated services (e.g., launch vehicle
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and payload processing, range safety, engineering and institutional support, and launch
pad support), and telemetry.

We based our cost estimate of using a Minotaur IV for future launch services on
LADEE’s mission cost of $46 million. We applied an annual escalation of 6 percent
(inflation) to estimate that the average cost of using a Minotaur over the next 10 years
would be approximately $63 million per launch.

Although new medium-class ELVs (Falcon 9 and Taurus II) are in development, LSP
officials anticipate the earliest one could complete certification is April 2014. An April
2014 certification date may be too late for the SMAP mission, scheduled for November
2014. In addition, LSP and SMD officials stated that the competitive award of a launch
vehicle for a mission should occur 30 months before the mission’s scheduled launch date.
This report recommends that LSP and SMD consider using a Minotaur IV for the SMAP
mission, which is planned for launch in November 2014, as well as the other medium-
class missions identified by SMD. If NASA determines that a Minotaur IV can satisfy
the mission, technical, risk, and schedule requirements of these medium-class missions,
and an affordable U.S. commercial medium-class launch vehicle is not available
approximately 30 months before the missions’ planned launch dates, the potential
monetary benefits could range from $78 million to $200 million per launch.
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STRATEGY FOR SMALL- AND
MEDIUM-CLASS LAUNCH
SERVICES

Strategy for Small- and Medinm-Class Launch Services

pursmant to
Section 621 of the MASA Awthorization Act of 2008 (P L. 110-421)

Amgust e
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EXECTTIVE SUMAMARY

Section §21 of the ASA Authorization Act of 2008 (P.L. 110-222) directs that MASA submit a r=part
to Coneress outlming a stratezy for the provision of domestic commercial lnmeh services to suppoart
the Azency’s small- and medm-size Science, Space Operations, and Explomton missions, incfoding
the results of WASA s Request for Information (FFT) on small- to mediom-sized lmmeh services,
releazed oo Aprl 12, 2008

Followine the sipmificant dewnium in conmercial space activities in the late 1090s, corment trends in
the global commencial lvmch services markst mdicate that there is not sofficient bosiness for T.5.
commercial lnmch wehirle suppliers to contimue parficipating m this sector if the Government weare
ot required o purchass domestic lanch services. This alse is the case warldwide, where non-market
econonTy condiions, povemment subsidies, or a combiration of the twa, are corrently the only means
for artracting commerrial lmmeh customers (oamly for intermediate and larger, peosymchronerns-orbit
commercial commumication satellites). For the present dme, povernment finding m some form
contimies to be reeded to maintin certain Iunch capabdifies. Without such finding, ar gevernment
sustainment of infastrochme: (such as lamch pads), most 175, vehicles are too expensive in
comparzson with those provided by ather rations to conpete in this secor. Unfortanately, NASA
beeliewves this trend will contimee untl a major application matersalizes that shifts the corment paradiem.

The U 5 Government has followed a strategy of supporting mtermediate-class lunch wehicles in the
Evalved Expendable Launch Vehicle (EELV) program. The lack of comparable

programs for small- and mediom- class laumch vehicles bas resulted in the atrophyime of the small- and
medinm-class capability, as there is anly a very small commencial market for these vehicle classes,
However, new lamch vehicles m this class and the medivm class are mn development, with the new
medinm class entrants supported by MASA'S Commercial Orbital Transportation Services progmm.
MASA also expects its recent Infernatiozal Space S@ton (I5%) Cargo Fesupply Services (CRS)
coofract to provide a soficient baselme to enable commercial providers to offer commeroial services
at conpetiive prices.

If CRS is ot suocessfil in delivermy reliable and cost-effective lamnch vehicles that can also e nsed
with uperades for MASA science missions, the Apency may be faced with a lack of proven, cost-
effiective domestic lmnch capabilities in the medum- performance vehicle class. NASA wonld view
such a scenamio as a sipnificant concam.

BACKGROUND

Section 21 of the NASA Authorization Act of 2008 (PL. 110-412) directs MASA to sobamit a report
to Coneres outlming a stratezy for the provision of domestic commmercial lnmeh services to suppart

its soall- and mediom-size missions, nndmrjxhn!ﬂmresuhsoﬁhthlﬁtﬂn’luf{rmm{RFDm
small- to mediom-sized lounch sarvices released on April 22, 2008 (provided in Appendix A). Section

621 reads as follows:

SEC. 621 LAUNCH SERVICES STRATEGY.

() In Gemeral —In preparation for the oward gf contracts to fbllow up on the curment NAAS4
Lmmch Services (NL5) conmracs, the Adminisoratar shali develop a soranegy for providing domestic
commercial imnch services i supper? of NASA'S small and medim-sed Science, Space Operations,
amd Expioration mitrions, corrimben with current law and policy.
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(&) Report —IThe Administrosor shall ravemit @ report to the Commites on Schence and
Tachnology of the Hoe qf Representaiives and the Commitiee an Commerce, Science, and
Tramsporzation qf the Senate describing the rraregy developed under tubsection (@) not laver than 90
days qfter the dae of enacoment of this_dct. The repart shall provide, af @ minimem—

11} The retuits of the Raquest for Tnformention on smail- to medium-sized launch services
relacred on April 22, 2008;
12} An amajysis gf poszibie alternamees fo maimram small ard medivm-sized [t capabilites

fter Jime 30, 2018, including the ese gf the Department af Dafimse s Evoived Expendable Lmmch
Fehicie (EELF);

{3} The recommended alternamves, and arsociated 5-yeor budpet plans staring in Octaber
2000 thar would enable their implementation; and

(4} 4 conringency plan in the event the recommended alernarver described in paragraph (3)
e ol avar abie wiem needed.

MASA relies on the 115, commercial market to provide launch services for its space and Earth science
mmssians, and, in the formre, the Azency will rely an U5, commencial vendors to provide resupply
sarvices to the IS5, WASA proomres lmmch senices in accordance with all applicable U5, lawrs,
repulations and policies, mchading, bt not Limited to, the 175, Space Transportation Policy of 2004,
the Commercial Space Actof 1998 (PL. 105-303; 42 U5.C. 14701 et s=q.), and the Commercial
Space Laumch Amendments Act of 2004 (PL. 108402, 49 USC Chapter 701). NASA competitively
procares lamch services for science missions using the NASA Lamnch Senvices (MLS) contract, which
has been in place since 2(M0 and is neaning the end of its 10-year ordering period  Three performance
classes of Expendatle Launch Vahicles (EL'Vs) have tradifionally been mvailable to NASA: small
(200-800 kg to 675 ko), mediom (1, 500-3. 200 ke o §75 km), and intermediate (-3, 300 ke o
Geostationary Transfer Orhit). It is difficult i examine U5, lmmch services for MASA in isolation,
since the market is alse affect=d by natiomal seoumity requirements and the extent of commencial
activities. Ar this time. the commerrial masket for 1. 5. commercial ELVs & facing significant
challenges, and the outlook is different for each performance class.

Currently, the small-class lunch sarvices market is expensncing an abundance of lanchers, with five
currenthy availatils U, 5. lmmch vehicles {this mmber may znow to seven). Singe the sarby 1960,
thers have never been more than nina 1.5, small-class Immches in any one year — the average is thres
to four missions per year. Becaus the U5, commencial spall class consists of a mix of existing
providers with increasing unit and mfastrochme costs, and pew vendors that have not folly
demonstmated the reliability of their vehicles, MASA must nmintain procurement options. MASA will
sesk competition without encouraging oversupply. The Agency would prefer lower costs, which may
TR{UiTe competition in this class, while taking meo account supply and demand considerations in the
overall market. Susaming a viable commercial prodact in this class may be more difficulr doe fo te
5. Government”s use of the Minotar, which s pot commercially available doe to its Governmend-
firnished Intercontinental Ballistic Missile (ICBM) booster mators. It should be noted that there is
currenily no commercially-available product in the upper end of the small dass, which the Mnotar
TV &5 beginming to serve. Accordingly NASA believes that farther 11.5. Government analyziz on
this matter should be considared.

MASA's approach o sustaining mediom-class lunch capabilsty is fo provide a business base wia I55
resupply services. In addition, NASA will need to pay for specific capabilifies to meet science
Dsslan requirements and improve the risk postore becass the development of 155 commencal carpa
reaupply services alone will not result m vehicles fully capable of mesting WASA's science peeds. Om
December 13, JME, NASA awarded I55 CRS coniracts to two vendors: Orbital Sciences Carporation
(05.C) and Space Exploration Techmologies (Space™) The two companies will develop the capability

4
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0 manspart carpe to the 155 after the retirement of the Space Shurtle This will establish a larzer
busimess base for mediom-class lyonch vebicles, which showuld help reduce laoneh prices fior WASA'S
space and Earth scerce missions m this class. Without this contract, demand for U5, mediom-class
lanmch vehicles may not be sufficient to sustain a commercialty-viable service. I that ocoumed,
WASA could become the ondy user of U5, medium-class laumch vehicles, The Agency’s cument
demand fior science missions in this class averages about ons mission per vear, though historically it
had been a5 high as two to tree. The I55 resupply requirements will add several more mediom-class
lamnches per vear. Without such additional mizsions to nrease the lnmch rate, a supplier’s fed
costs for producng a reliable launch vehicle wonld increass lmnch costs o a point where they coald
sipmificantly it the mumber of NASA science missions that could be performed. This is what has
happened with Dielta I in recent years. This medium-class smategy will not addmess WASA s
requirements for small-class lamch senvices noted above. Even reacorahly priced medinm-class
lammch services are too expensive for NASA small class missions, i they are lmmched individually.

The domestic demand for infermediate-class lvnch vehicles, the Delta IV and Atlas W Evolved
Expendable Lamch Vehicles (EELV), & dominated by Department of Defense (DOTY) méssions, with
a DODVNASA combined lnmch rate of 3-12 missions per year. Even with fhiz higher Inmch rate, the
DOD is mvesting significant fimds to sustin the EELW capability. From MNASA's perspective, some
Level of investment to sustain the medium class alse may be necessary grven roader lunch market
conditions and the Limited demand for this performance class. NASA's cument approach to addmessing
this issue is to provide a bosiness bass via IS5 resupply services and o pay for specific capabilities to
mest 5Cience Mission requirements and risk postare.

10 SMALT-CTASSTATUNCH VEHICLES

Currently, two vendors provide small-class lnnch services umder WLS: OS5, with the Pegasus and
Taumros lmmch vehicles, and Space™ with the Faloon-1 lunch vebicle However, prven the low ammual
launch mates m this class (commercial bonches have been essentially pop-exstent, NASA missions
hawe been few, and the DOD has been using the nen-commerncial Minotar fmily of lunch vehicles),
prices have rizen and the sustainability of thiz dass of commertialy-available lamchers is in question.

LA
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Small-Class Lannch Vehicles with Flight History
(wehicles helow approx. to scals)
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Small-Class Lannch Vebicles in Development
(wehicles below approx. to scals)

02 inch
&7 inch
FLF
1
CAPEEILITY

SLV-4 | Falcon 1E SLV-5 Minotaur IV | Minotsur v
~300 ~E25 ~=1,150 ~1,200 na
1,100 nis
E| iy e T nq 300 kg
Medium Medl.rnl Meﬂml Lm1 L

HOTES:

* - Fmuites okl tonal upper shage for high aneigy missenm

Lew Palormancs Risk indcates thera i @ potential Tor @ S parcent of les feducion e payiloed capatility
Hadium Performancs Rish indionles Bae & o cotaniel ko @ 5-15 paroenl feducion 1o iyl cagatliy
High Periormancs Fisk indicales thaie & @ pobentisl for o 15 paren of more reduction ko prpoad capabiity
Veliche aiBes e dpoesd e ately 1o soila

Table .

For small-class lamch services, MASA s sirategy seelks to enable compstition in a sensible manmner.
MASA's soluton for ehbfaining small-class lamch services will oot be addressed by the 155 CES contacts
meoted earkier or by the Agency’s Commercial Orbital Trapsportation Services (C0TS) efforts. becanse the
expacted cost of the new medim-class lamch vehicles that will suppart I55 CRLS and COTS will be too

In addition, the commerrial industry has yet to develop a cost-effactive vehicle af the upper end of the
small class. Lockheed Martim was umable to build a viable asiness case for its Athena IT vebirle. and
05Cs Taunis Standard and XL lumch vehicles have bad only eizht lmnches m over 15 years. With the
Loz of the Dielta T 7300 Series vehicle and the Delta IT Crual Payload Attach Fittings (TPAF), there may
b some need from MASA for laanches in the performance pap between Taunes 3L and any new mediom-
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tlass vehicle. However, demand will never be considered large, and low flizht rates are a sipmificant
coofritngor to high costs, which then generally result m even lower lnmech raees. The lack of sustained
buzmess from NASA DOD, or commercial enterprises for the U5, commennial small-class lymch
wehicles allows this cycle to contime.

MNASA ivestizated previons and projected lamch rates in order v umnderstand the demand in this class.
The maxirmim momber of 1.5, small-class lynckes in ary one year from 1990 to date has besn nine
Wine missions are plamed for 2009 alone, g five of them are on the non-commertial Minetar TV
However, over the last ten years, the anmual average pumber of lmmches i this class was ooly three to
four. Some commencial companies have concluded that Sve to nine lnumches per year is the sus@inable
demand, however WASA believes the averaze may be closar to two fo four per year. WASA oumently
Projects ifs own use as ons lnnch anemally.

MASA has ideniified the vehicles which are available, or may become o in the near furore. If ATE
imroduces the SLV-A and SLV-B (or Athena) lamch vehicles mbo the market as plarmed. there would be
seven operational vehicles. Four would be at the lower end of the small class 200 - 600 kg spacecraf)
and thres at the upper end of the small class (900 — 1,200 ke spacecraft). As showm in Table 1. there s a
significant difference in payload capability berween these mnges. These seven vehicles would be
competne for two to four missions per vear (MASA's demand is namally § to | per vear). This oversupply
for WASA's leve] of demand is partally aeated by the existence of the Minotaur I md IV, which are
sipmificantly cheaper than mest comparable commercial prodocts dos to the nse of existng boost-stage
salid recoet motors inherited from excess ballistic mizssiles. Minofaur is not asailable commercially and is
comsidered “uss of excess ballistic missiles.” As such, NASA may use Minotr, but onky subjact to

approval oo 3 case-iry-case basis.

Both lepiclanon and the 175, Space Transportation Policy address the use of Minotaor vebicles for
space lmmch services, as noted balow:

42 US.C § 1473 prohibits the comversion gf JCRLE fo 0 space rangporiaion veiiche
canfiguraron by the Federal (ravarnment wiiess the dgency (the Depeartment of Dafimsa)
seelong to wre the mizsile certgies to Comgrens thar the we gf such missile:

() would result m cost savings 1o te Federal Governme when compared fo the
rort gf Boquiring Toace franspartaion services from United Starer commercial
prm.dm

(Bl meers @ll mizsion requirements of the agency, inciuding perfrmance, schedule
amd FISk requiremns;

(G} s consistens with internanional obligmtons gf the United Stmes, and

(D is approved by the Secretary of Dgfence or his desienes.

42 ULS.C § 14731 (B2, a desermination must be made thar the aoquisioon of space
Irareporiation services directly from a ULS. commercial provider is nat required because,
"rost giive space rarEporiaion sarvices thar meet Specilc mistion requiremets would not
B reasomably mvatiakle from United States commmercial providers whem requirad. ™
Commuercial Space Act o 1993 fthe Ao, Pub. L 105-303, 112 Soat. 234342 ULSC. §5 14701,
@rag.,
cast gifective 0ace nmspaTiaion services th meer tpecic mision requirement would not
B reasonabiy mvariatle from Unifed Stades commercial providers when required:
L5 Seace Transportation Policy

Freess U5, bailiztic mitsiles thall either be renmined for government wse or derroyed.

Uinited States Crevarmomeant apemcies may 1@ Tuch arsets fo lmmch payloads intg
]
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orbit an @ cae-fy-case Basis, with the aperovel of the Secratary of Difarse, wihan
'Juﬁum:ng comdirions e met: (1) the payload supports the porsoring

agency s mizsion; (2 such wre I consisiant with the obligations of the United
Srases wnder treaties and ather intermadona) agreemants to wiich the Tnited
Stares it a paryy, mcluding the Mirsile Technology Congrol Restme puideiines, the
Strotegic drmes Reduction Treary, and the Fuermediare Miclear Forces Tremy;
and (3) the sporcoring aeency cartifies that sich e resuls in a cost savings o
tie Uinited Stmtes Government comparad fo the wse of mvanable commercial
Lmmch nervices thar wouwld mlse Moer mUTon requiremant, ncluding
Parformunce, sohedude, and rizk, and i the mpact on the L5, 1pace
ranspariTon indusry;

It should be noted that contimasd use of the Minotar vehicles creates a lower level of demand for
commencially available lnmeh vehicles. This could result m only ooe to two MASA and commercial
miszions per vear availahls for lmnch on the ather five lamch vehicles, which is not Hkehy tobea
sustainable busmess case.

MASA coocludes that there is not enough usmess to susm more than ane to two providers in s class.
It is not clear if this means only two separmte lunch vehicle choices, o i synerey between prodocts Som
the same provider wonld result in more options. In additen, NASA belisves that this class is important
becaunse, bistarically, new lynch service providers have tended to start with smaller vehicles hefore
mving on fo develop larger ones.

WASA contimes its work o determine bow the WLS follow-on comtract effort will address this small-class
isme. Tt remain to be seen whether Falcon 1 will provide the comesponding reliahility, performance, and
price nesded fo ncrease demand in this class. However, even the Falcon 1-E will not have the
performance of the Tauns XL, SLV-B/Athena IT or Minetaur IV. Therefore, it does not appear possible
for one commercial lmmch vebicle to suppert the entire ranee of small-class perfommance requirements at
an affordable price for MASA Az nofed abowe, with the loss of the Delta IT 73200 Inmch vebicle, the
p-a:ﬁmm:u:eg]: hetween the small class and the medium class is now very large. NASA musst assess is
mnd performance requirements in the small-class azamst the available lnnch vebicles. This is
w:}d:.ﬂil:ulnnd.n} due fo the followmg factors:

= uncertanty in projected costs of Pegasus XL and Taurs KL after NLS contract expiration and a
Immch zap of at least three years;

»  limsted performance record of the Falcon 1, and uncertainty in the price, performance and cost of
the Falcan 1E. which is due to replace Falcon 1 2000;

» lack of any lunch history and umeertainty in the price and the availability of the SLV-A and SLV-
Biand

= Uncertaintes conceming Minotor, mehading MASA s fishae ability to obiain Minetmr lamc
Services, mopact to the commmercial market due to the contimied nse of Minofar, and whether the
U5, Growernment wonld abandon Minstar in favar of supporting a fully conmmercial small-class
market.

10 MEDITAM-CTASS LAUNCH VEHICLES

In the medium class of lamnch vehicles, MASA s workborse bas long been the United Launch
Alliance’s (ULA) Delta IL which has lsunched &0 percent of WASAs science missions over the last
derade Delia I is the oaly medium-class lamcher omrently available mnder the MLS contract. The
U5, Air Fance (USAF) is scheduled to conduct its final Delta IT bvanch in 2008, MASA has Dela IT
wvehicles oo contmact for lamehes throush 2011, and ULA has enough parts in imvensory to build
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several more Delia 1 lamch vehicles, which WASA will consider for nse on fishame méssions.
However, as the TSAF moves most of ifs payloads to the larger Delta IV and Atlas V wehicles, the
medinm-class market will be meuffirient to sustain the Dielta IT lins at prices maditonally pasd.
Therefiore, the Delta I will liksly cease to be available for WASA missions beyond 2011, due to costs
of the overall program, such as the launch pad miTasmachare costs formery borme by the USAF, and
higher prices fior the Delta s themselves. Fven if fimding were available, this would only constins a
temprary sohmion. as ey of the compenants for the standard confizuration Delta I are out of
production, and the cost of restartnz and confimuing production would be additional siznificant
expenze beyond MASA s tudest.

Table 1, helow, shows the commerdally-mailable lamch vehicle alterratives for the mediom class.
The EETV Iaumnch wehicles are not incindsd, as they are intermediate-class lamchers, tut their ablity
to supply services for the MASA mediumclass science mizsions is addressad in the “options” section

of this repant.

10
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Potential Medinm-Class Lannch Vehicle Alternatives
(wehicles below approx. to scals)
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It shoald be noted that oo U5, conmercial conpany is developine a pew “mediom lishi™-class lamch
wehicle Therefore, the kinds of missions that have historically utilized the lower-end of the Delta IT
rost and performance ranes will confront the capability zap between new medium-tlass altematives
and the small-class alternatives.

There are several options for providing medim-class lmnch capability in the furare; these are
oatlined and aszessed below.

11 jon Ome: Tdlize imimz Delia IT Inventory

Currently, the remaining umsald Delta IT inventory &5 avatable under the WL'S conimact only with
(GEM-44 (Graphite Epowy Moter-44 inch) motors, which are used anly for the “heavy” confimmation
ofthe Delta T The “heavy™ is the highest performance Dielta IT configuration. T can be lnmched
only from Space Lamch Complex (SLC) 17B at Cape Canaveral Air Force Smation on the East Coast.
Costs for missions requining lamches from Vandenberg Air Force Base in Califormia (., many Earth
ohserving mizsions) are undet=rmined af this time. In additon, ULA curently affers enly the fwo-
stage configuration under WLS — the thres-stage wersion is no Jonger available under the contract.
Whils it i= likaly that a Star 48 third stage {usad to achisve Earth ascape velocities usad by many
medium-class miszions) could be purchased for 2 WASA mission. the cost of doing 50 has not besn
determinad by ULA due to lack of demand  Omce the unseld mventory is used, ULA would have to
restant producdon of the major elements of the Delta I m order to mamtain thes capability. MA5A has
evabuated the cost impacts of restarting Dielta 1T prodoction. When combimed with the cost of the basic
wehirle and mfrastraciure mainferancs and repair, this approach is not considered to be fiscally
accepmble. Therefiore, Delta I is oot considered a viable long-temm optien for WASA s medium-class
SCIEMCE DSOS,

After the TISAF fly-out of the kst Gobal Positioning System (GPS) mission in FY 2009, HNASA will
teear sale responsibility for mainaming Delia IT lvonch sie mastmaciure. The fadilides are
povernmeni-owned, and the cost to mamtin them will be paid by MASA  This infrastrochore inc hides
not anly the lmmch pads, e alse all of the processing facilites used for the Delta T In addition,
WASA is charged for posi-producton suppert costs for magor supplier hardware m cases where those
suppliers have stopped prodoction. Infrastrochare and production sustining costs in 2000 and 2011
are bemg paid by MASA missions already oo contract. Withot this finding, ULA could ot contnoe
to lamch the remaining Delta I imventory. The contract value of maintaiming the ability o lunch the
Delfa I heavy imventory from the East Coast is just over 3258 in 2002, Oat-year costs are unknown,
bt are projected to incTease o over $400 per vear ﬁ'mnECll:Lhrmgh!Ell:'-. The mTease 1= based on
Emmﬁﬁmmmm engmesnng costs. When this cost is

to the Delta I lamch service price in the ooment coofract. the cost o NASA of usine a
Delta I in 2012 would be approwimately the same s that of using the Atlas V EELV, which haz a
sipmificantly higher payload capacity. Each vear that MASA does not bay Delta IT laonch services
(=ach as 2012, when there is po mediom-class mission in the NASA mission model), the cost
afvanmze of using an EELV over a Delta I improves because of the ammmlatve namre of the anmal
Delfa I ;ustaining costs. As a result of studying Delia I and EELV prejected costs since 2006,
WASA has derided to use Delta I anly to the extent that it makes financial senze to do so.

22 jon Two: Utilize EFILV

To dae MASA has selected Atlas V only for its miermediate-class missions. As the lannch service
acquision agent for NOAA MASA has selected the Delta TV vehscle for two of NOAA's
Geostationary Environmental Operational Satellites (GOES). Atlas W has won NLS confract awards
hased on a competitve best value determiration by WASA. After 2011, EELV launchers are expectsd
to cost the same o less for WASA wuse than Delta T Another advantage of EEL'V: over the existing
Delta I inventory is that EEL Vs can be Inmchad from sither the East or West Coast, reaching arhits

'IT
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that meet all medim-class pission requirements, which is crincal to NASA s Earth science program
that require lynches from the West Coast in order o place each mission in the proper arbit to
suocessfully conduct scisnce. However, EELV lmmch samvice costs are much hizher than what
medium-class mizzions expect topay. In addition, thess costs are anticipated to increase substantially
when the NLS conmact expires. With an estmated 30-percent inrease for NASA Atlas V lmmch
sarvices begimming m 2013, Atlas V' i about a5 expensive as Delta IT when inffastructore costs are
incladed I WASA were laft with onby this alterrative. the mission mode] shown in Appendiz A as
part of the NLS I BFI would have to be redoced. as costs would be too bigh to perform the same
number of missions. In additon, there is concem that a spacedaft could have a tendency to Frow to
take up the excess performance available from the lvmnch vehicle, and potentially morease overll

The second concem for WASA i using EELV is the uncertamty related to the DOD EELV Laumch
Capahbilsty (ELC) contract costs for imfTastochme support, and what that nuight mean for furore NASA
lamnch costs. Under the 175, Space Trarspartation Policy, the DOD pays the entire anrual fxed
infastmachure cost for EELVs. This will be reviewsd before 2000, and thers is concern over the
potential for a reallocatson of costs for the base capability and infrastnacture related to both EELVs m
the firure.

A third conrem with nemg FELV is the potential for overaowding the loumch manifest. This concem
iz relared to the current launch throushpat, with a stated schadule requirement of &) days berween
lammches from the same pad  Cumently there is a badidog of EELV muissions due to a combination of
lammch vehicle and spacermaft delays. This sifuation will contime undil at least 2012, ar umntl the
backloz can be cleared. To minimize the impact, the DOD has recently paid the vendor addstional
finds to decreass Atas V processing time from &0 days to 45 days.

13 jon Three: Resize Spacecraft and'or Co-Mlanifest Pavloads

MASA has assessed the benedits and issues of co-manifesting multple prssions oo lape lanch
wehirles, In 2007, NASAs Science Mission Direciorate (SMLY) shadied (using representative Earth
ohservation instruments, based on the ClondSat and CALTPS0 mizsions) the schedule, cost, and risk
trade—offs among: 1) lnmching multiple, small missions oo small, expendable lmmch vehicles gz,
Taumus 2); 2) co-manifesting sateliites on a single large. expendabls lunch vebicle: and, 3) intezrating
instroments oo a single spacecraft us for lamch on a large expendable lmmch vehicle. SMD
conchided that the optial stratesy is dosely fied to the spacifics of individoal programs. There 1= o
"ane size fits all" solution to the challenge presented by the loss of medim-class Imnch capabilities,
This stody indicated the need i evaluate options on 3 progam-by-program basis due v specific
factors, mehading the possibility of missions to smmilar locations (i e . opporiunities to co-manifest or
combine MyestizAtans 00 3 Common spacecraft s), and the tme crincality of the measurements
{e.z. data confinuity reqrirements for climate moritoring, solar imadiance trends, risk tolerance, efc ).

MASA has also examined several options for flyine omitple payloads on EELVS to determine whether
this could ofer a cost savings for the Agency’s small- md medinm-class misssops. ULA bas proposed
a concept for a twin-payload deployment sy=tem based on existng Atlas WV hardware. This Croal
Spacermft System, which is based on the Centmr equipment module design. has passed Preliminary
Design Review (PDE) and is proceedme toward Criical Desizn Feview (CDE). However, it does not
have a first customer for a desired poid-2011 lamch date. In addition, MASA has desien concepts for
DCnaal Payload Attach Firtings (DIPAF), bt the $20-300 development cost and two-to-four-year
development schedule for the device would be challensing. Finally, the TSAF s EELV Small Payload
Adapter (ESPA) has already heen developed and flown. FASA is working with the USAF to
standardize the inferfyce fior small payloads that could be fown as missions of oppoarnmity on
regularty scheduled (ie , ooce per year) USAF or MASA FFILV mmssions that can accommodate an
E5PA

13
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Inall cases, the preatest challenges faring mmiltiple-paylead lmches are 1) compathility between
the missions; ) development time for a tew camiar, 3) the cost of a new cammier, and, 4) the sk of 3
strategy that gensrates more EELV mizsions, therebry increasing MASA's share of the DOD EELV
sustainns costs and adding to an already gewded manifest. DPAF and ESPA are not complete
sobtions prven the small size of the payleads that can be accommodated and the infrequency of Sights
using the system, bt provide another wiable altermative o lumching certain MASA sclence missions.
Instead, MASA beleves that development finds would be better spent on reliability upgrades for these
medinm-class lminch vehicles which will be used for IS5 resupply and science missions (see Opton
Four, below).

EfiFa, Rirgg with Fropulston Sysen
| Eta backoos prermary parylaad o EELY lnsmchies)

Concepinl IPAF on EELY Clam Lesnch Webarle
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2.4 Option Foar: Utilize Medinm-Class Vehicles in Development

WASA s NLS cootract allows the use of new mediom-clas: lunch vehirles. Newly developed
lanmchers in this class are expected o uldmately provids conmercial resupply services to the IS5 Som
the Eastern Test Ranee (encompassing Cape Caraveral Air Force Staton and Fennedy Space Center)
and‘or Wallops Test Fangze (at Wallops Flight Facilify), and may eventnally be capable for science
mmssions fom both the Easten Test Fange and the Western Test Fanee at Vandenberg A Force
Base. The latter capahility is critical. but not vet available ar fimded for MASA's Earth Science
‘missions, which must be lamched into polar arbit 1o achisve their science chjectives.

TUnder the current MLS contract, companies have been able to offer pew laanch service capabilities
during the bianmaal “on Amp™ oppertoities. In 2006, MASA madified the NLS conrad to allow new
wehirles with no previeus flisht history to receive an Indefinite Delivery Indefinits Cuanticy (IDTC)
confract award.  Prevaously, vehicles had to have performed at least one saccessfil flisht to submit a
proposal. In erder to limét risk when selecting an umpreven knch wehicle for a specific mission task
order, WASA retained the requitement that the pew vehicle be flown soccessfilly before Authorsy o
Procead (ATF) is provided for the awarded nuission. WASA 15 comsidening fimther risk redoction by
making it a requirement to have the new wehicle fown before the mission is awarded.

Substantial 175 Government participation dunng launch vehicle development has historcally
inrreased the reliability of lmnchers, while wehicles witheut siznificant 11.5. Government imbement
have attained a measurably lower level of reliahility. This participation approach bas been partially
modified for the Agency’s COTS and 155 CRS effons. In'bot, MASA will be using FAA-licensad
commercial lnmchers without the full conplement of NASA technical reviews required for bigh-value
MASA science muissions. For COTS, NASA has an adwisory t=am to imderstand each partoipating
system’s development, bat the team iz more foonssd on the meerface to the IS5 than the development
of the ELV itself. Cme of the COTS goals is to allow industry to demonstrate the capability to achieve
Low-Earth oriit transportation with minima] Government eversishi. For I55 CRS. the Agency will
peerfiorm technical assessments of the new lamch vehicle enly in specific techmical arsas that have
historically conmiaged to faiumes.

MASA has bemm initial evalation of the Space™ Falcon 1 and 9 under the recently-awarded NLS

coofract. However, without an awarded nuission, and m keepins with the COTS philosophy, MASA

has not bad sipmificant teckmical interaction with Space™ during the development of these o lmmch

wehirles. Thersfore, WASA s evaluation is being affered o, rather than impos=d upen, Space™. At

this peint, Falcom 9 is well iniw its development cycle, and Falcon | made its first two laanch arternpes

Teefore 5 { was on the WLS cootract. It is expecied that the vehicles will benefit from a fiall NASA
i SESIMANT OOCE 3 SCenCe misskan is fnally awarded.

05Cs Taurus 2 and ATEs SLV-A and B are earlier in their development cycles, and hoth conmpamies
have requested NASA techmical interaction. In resporse, the Azency bas issued unfimded Space Act
Azresments (3AAs) with these companies to provide that suppert. The apresments stipulate that these
companies share data with MASA mn retamn for specific, foomsed evalatons. Af the present tme,
WASA is not imvalved at the level of ensuring missson success for these wehicles, por is it completing a
full technical evaluation of them For purpeses of fiunre comperitive procurements, NASA is making
its resources available i an equitable marmer o Spacell O5C, and ATE when responding to their
requests for meracton. T sheuld be noted that the apreement with ATE does nit cover their Athena
A mediom-class vehicle becanse it is not at a sufficent level of maronry at the present dme.
The most rigoreus lvnch vehicls certification (imder NASA Policy Diirective WPD 8410, 70 requires
three successfnl lumches and a meorous MASA technical evaluation at a mininmm, before NASA
utilizes a lounch vehicle for ane of its fypical mediom-class missions. These hish-vale NASA
sClencp missions require the most reliable lmmch services available within practical bmits. While this
15
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level of cartification can be met in approvamately three years (allowing for some schedule margsin
‘before final Jaunch preparatons begmn), the resolution of technical issues foumd by WASA may oot be
achievable within this tmeframe. In addion. histery shows that sipnificant lynch delays are
common for pew lmmch vehicles. The average dalay in the third saccessfil lamch of a new vehicle is
31 months from the mardfested date of the third lmmch. This is ased on vehicks histories from O5C,
Space’ and ULA when they were within approximately ope year of the planned first lamch of the
new vehicle

As poted, some technical interaction between MASA and pew providers has been initiated The
Agency’s intention under these unfinded 5445 is to encoumge compamnies o seek NASA expenence
o0 ifems directly related to cermification elements. However, thers is no befter motivation for WASA
and the conmmercial supplier to complete certfication than having a oission on contract with a specific
lanmch date to mest. With the initiation of the specific techniral assessments required under CRS, and
assuming NLS contimmes fo provide the capabilsry for standard oo-ramp periods, MASA has a
reasonable chance of completing certification of at least one of these new lanch vehicles by the end
of 2003,

3.0 INTERMEDIATE-CLASS LAUNCH VEHICLES

The intermediate class of US. lnmch vehiclss consists of the Space Faloon 9 and ULA s Delta IV
and Aflas VEELVs. The schedule for the first lnmeh of the Falcon 9 &= not advertised Ty SpaceX at
this e, trt is anficipated o be in the fourth quanter of C¥ 2000 The two EELV vehicles are
currently s@able. due to DOD finding, althoueh the large payboad capability of these lmmchers and
thair high prices have resubted in their more limited use by FASA than the medim-class vehicles.
DOD findmg of EELV is described in the 1.5, Space Trnspartaton Policy, which states-

“a) The Secretary of Defense shall maintain everall manazement responsibilines for te
Evolved Expendable Lamnch Vehicle propram and shall fund the anmal fixed costs for both
Immch services providers umless or unti] such tme as the Semetary of DefEnse, followms
coordination with the Director of Central Intelligence and the Administration of the National
Asronantics and Space Administration, certifies to the President that a capabdlity that reliably
provides assured access i space can be maimtained witheat two Evolved Expendable Launch
Vehicle providers;

1) Mot later than 2010, the Semetary of Defense, the Director of Central Intellipence, and the
Administrator of the MNarional &sronaurics and Space Adminizeration shall evaluate the long-
term requirements, fimding. and manaspment responsibilides for the Evalved Expendable
Laumnch Vehicle systems) and infrastruchore. That evaluation shall inclode recommending a
proportonate shift of the existng finding responsibality of the Semetary of Defense to reflact
amy change to the balance between pational security and civil missions employing an Evolved
Expendable Laumch Vehicle ™

In ifs implementation of the 175, Space Transporation Pelicy, teLlSAl-'EEL.‘.-mmu:umpnsed
of two parts: 1) the EELV Launch Support (ELS) contract, and 1) the ELC confract. Among other
items, the ELC provides for the entire EELV mnﬁemto;mtﬂhm Ifthe
diecizion were made i have MASA provide a proportional share of the finding for the infrastactre. it
wold resulf in significantly mereased costs o BASA for s missions. Currently, NASA missions are
charged an ammmi commensurate with what a commerrial nrizsion pays when usng an EELV. Even
without fimding miTastrocure, MASA expects that the price it pays fior lameh services will increase
for lmches after 2012, WASA believes that some level of fimding to sustain the EELV mfrastrachme
coofract should contime o ensure confirmed availability of 175 infermediate and beavy laanch
wehirles to mest U 5. povemment neads.

16
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4.0 NASA FECOADNMENDATIONS BY LATUNCH VEHICLE CLASS
4.1 Small-Class

WASA's pear-tarm strategy & 0o cootimue to ufilize the DI methodology comently employed. This
sirategy will be enmloyed due to the fctors previously list=d and to allow the market to stabilize over
the next few years. This is most impart@ant at the low end of the small class, where there is more than
one commercially available option. MASA will confime to parse science missions m this class.
Drepending on demand, WASA may consider block uys as it does in other classes to support the

MNASA is concermed that wse of Mmotaur I may pat a commercial provider out of business, given that
MASA's penst mission in this class is mot uml 2011, This usage bmits the mumher of missions fo be
mxde mvailable in this class for commencial providers, which resulis in hipher lmmch prices for NASA
mmssians. This is the class of service where most new providers begm hefore moving on to buildmg
and developing lmmchers in the larger classes. Accordingly MASA beliswes that industry and market
developments in this class — as well as the use of Minosr by U5, Government agencies — should be
manitored carefolly by mmeolved agencies, and that fimther U5, Government policy reviews oo this
mtter should be considered.

4.2 Medimm-Class

The recommendad WASA strategy for providing domestic commercial lmmch services m sapport of
NASA"s mediom-class missions is linked fo the IS5 CES conmacts that were awarded on Diecember
13, J0E. CRS leverages the OOTS efort, which provides MASA fimding and'or technical assistance
1o encourage the commercial development of space Tansportadon for supportins the I55. The
companies selected for fimded OOTS Space Act Azreements (SAAs), which also are parficipating in
the CES procrement, are developins vehicles that could be available for mediom-class NASA
soence mussions on an WLS-ype contract, for potential lamches in the 2013-2014 timefame This
estimate allows time for an initial successfill lanch and then a roughly three-vear period from lamch
sarvice award o lomch, as well as the required MASA techmical evahation. With the possible
exceprion of ane mession in 2012, this tmelne accommodates MASA s mediom-class science
mmssions identfied in the FFT nussion mods] showm in Appendix 4. It is nearly certain that only the
winners of the 155 msupply contract will have a sufficient nission baseline from which to affer
medinm-class lmmch sarvices at a lower price than the Delta ITor EEL'V for science missions.
Withaout CF.5 miszions, the business base in this class is liksly foo small to be viable. With CES,
WASA has awarded mulipls mizsions (1.e. a block ), which should support the sopply chain for
thase vehicles.

It is impertant to node that the wineers of the CES conmact are not currently developins the fill range
of capabilities (g g, bigh inclmatson launch site, upper stage for Earth escape misshans, Daal Payioad
Attach Fitring typically utilized by NASA science missions. Therefore, some additional costs will be
inoured to fully mest MASA's science needs. For example, Rough-Order-of-Magmitade (FOM)
estimates for 2 West Coast launch site are on the arder of $50-100 miltion and would vary depending
upaa the lnmch provider. A DPAF mmight be needed if a sustable vehicle at the upper end of the small-
class 5 pot available. MASA has pot vet fnalized the fanding estimate for these capabilities, ut the
contract(s) which follows MLS will be used to definitize service aptions to mest NASA s sdence
nemds. At present, this stmegy carmot be exsanted due to higher prioritiss and lnvited finding
available to pay for these capabdlities. Without sufficient demand, commercial companies will likety
pass the tofl cost on to the first mssion peedng the capabdlity. In deing so, the cost mpact te the
mszian would be too largs for its budest
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4.3 Intermediate-Class

As poted in the 2005 U5, Space Transportation Pelicy, “To assure access to space for Undted Sates
Government payloads. . the United States Government pmst provide sufficient and stable fimding for
acquision of 115, space mansportation capabdlities in arder to create a chinate m which a robust space
‘transpartation industrial and technalegy base can fiomsh ™ noeased conmmerrial lmmeh activaty in
the 7.5 also would help create such a clinate by inproving eur working kmowledgs of our vehicles
and helping to sostain the mdnsmial base that provides the antical components for these vehicles. Itis
recognized that providing this range of service conmmercially will be difficale, bt if 175 industry
cannot compete with vebicles like Anane Proton, Long March, e, then if is unlikely that moe 175,
commercial space access — and the innovation expected to accompany it —will be able to survive on
its owo

£0 BUDCET FLAN FOE NASA-RECOMMLENDED AL TERNATIVES

(Given the recommendsd stategy above, NASA cannet presoribe a specific budget ronont.
Expenditores will be doven by specific IS5 resupply services and scence miission [equirements as
well 2z by competitive selections. Balow are exanmples of the costs that may be inoued for emerging
capahilitiss, or that could form the basis for investment in ensurinz robust capabilities.

MASA's experience with existng lmmch vehicle fisets is that fimds are required to resalve techmical
ismes idenfified by the Apency throush its svaluation and cerdfication process. These funds are
higher during the mitial 3-3 years of a vehicle’s fight history and are not comently provided for in the
exasing badget. NASA estimates that it tak=s approvamately 550 per vear for each new lnmch
wehicle for modifications and uperades to ensure mission success for Apency missions i the small or
mediam class. Previous experience fom MASA's early efforts oo 05C"s Pegasus vehicle shows that
this type of finding is essential for minimizing cost, schedule, and techriral msks associated with the
development of new lannch wvehicles. Funding would be nsed to pay for additonal analyses,
qualification testing. and wehicle modifications that MASA s existme service confracts (Le, NLY)
allow under the techrecal msipht provisions. Such prosisions enable the Agency to form a techmical
opimion of 3 prowider™s service and pay for Inprovements m areas oportant o NASAs

fliphiweorthiness assessment. The $3M per year estimate inclodes §1-2M for a sipnificant col
qualification test; $0.1-1M for ouizsion-unique, non-sandard services; and roughly $0.2-0.5M for
warious analyses. Therefore, 1-2 siznificant test items could be acconplizhed in sach year, alonz with
4-5 amalyses or oon-standard service developments.

As poted carlier, none of the winners of the CRS confract are actively developing the full ranzs of
capablities {e.2, high inclination laumch site, upper stage for Earth escape missions. Dual Paylead
Artach Fitting) typically uiilized by science missions. Therefore, some additoral costs will need to be
incurred to fully mest WASA's peeds. The Agency has not yet finalized the findng estimate for these
capabilitiss, but the contract which follows up the ourrent ML contract will be used to dafine service
optans to mest NASA's science needs. At present, this strategy carmot be execinted due to bigher
priodities and limited fimding anailable to pay for these capahbilities

6.0 CONTINGENCY FLAN

Followine the sipnificant dewniun in commercial space activities in the late 1990s, corment trends m

the global commencial lmch services markst mdicate that there is not sofficient bosiness for T.5.

commercial lnmch wehicle suppliers to contimue parficipating m this sector if the Government ware
18
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ot required to purchass domestic lunch services. This alse is the case worldwide, where non-market
BCODORTY conditions, povemment subsidies, or a combiration of the twe, are cumently the only means
for arracting commerrial lnmeh customers (mamly for intermediate and larger, peosynchroneus-orbit
commercial commumication satellites). For the present ime, gowernment finding in some form
coofimes fo be eeded to maintain certain lamch capabdities. Without sach finding, ar pevernment
sustainment of mfmstrochare (such as lamch pads), most 175, vehicles are too expensive in
comparsson with those provided by ether rations to conpete in this secor. Unformatsly, NASA
beeliewes this trend will contime undl a major application matersalizes that shifts the corrent paradiem

While the 1. 5. Government has follewed a simiegy of supporins intermmediate-class lnch vehicles
in the Evalved Expendable Laonch Vihicle (EEL'V) program. it i not comently providing the same
suppart to small- and medinm-class lnmeh vehicles. Tf reliable and cost effective mediom-class
lammch services do not materialize from IS5 CFS providers, and if the small-class contimes i
sirugzples dwe o lack of demand and/'or oversupply, WASA options are limied. and all mwalve
sipmificant additiooal fimdmg or majer o in the mmmber of scence missions fown

In the event such a scenario materializes, thers currently iz only one suitable confingency option for
NASA in the ar=a of small-class servaces. Specifically, MASA would bave to consider using the
Minataur vehicles as the most cost-effective and reliabde Immch vehicle solutten for missions in this
class. Even if Minotar [is linited for use now, this option could be made available reasomabdy
quickly (1.e., more v than the development of a commerrial lmmch vehicle) in the fisure. Since
there is no commer—cial vehicle omrently mailable between the small and medium classes, it may be
avisable to make Minotaur IV more readily availahle wril those assets are depletsd or meil small-
class viabdlity becomes mre evident.

Angther potential opdon is for the U5, Govermment to consider measimes, consistent with T3, lowr
and policy, for sustaining a single U5, commercial Lamch vehicle in both the small and mediom
classes. The intent would be to enable the refurn of commencial méssions to ULS. Imnch vehicles
while providing consistent and reliable services. NASA suzgests mvestizating an approach that would
mubhanﬁrhmmdmp&mcmufmﬂmdmmtaﬂs so they would competz with
wehirles ke Sovuz, Doepr, Fokot, or Vee

Apother eption is to choose between using the remaming Dielta IT mmventory (thouzh onty five remain
in imventery before new prodoction would be required) or EELY fior medium-class missions. Inthe
case of Delra IT the foll range of medimn-clas: science miszsions could only be aupponted if the 5L.C-2
lamch complex at Vandenbere A Force Base were maintained; otheraise, this option woald not
provide the capability to lvanch key Earth science missions, most of which omst use the Western Test
Fampe at Vandenberg to reach polar erbits. The cost of Delia I ar EELV is higher than what typical
medinm-class mizsions generlly pay. This would lead to an overall reduction m the oomber of
soience mussions performed  IFNASA is required i pay a sipnificant partion of the DOD ELC costs
for EELV, then the porchase of additsonal 40-mch GEM mators for Delta I and mamtenance of SLC-
2 could be less expensive for these Earth obsamving muissiens. However, wartns for the saccess ar
faiture of the CR.S lnmeh service capabiliies would preclode this opbon

As a last measme in the medinm class, f CRS is nof saccessful in delivering reliable and cost-
efective lnmch vehicles, which can also be nsed for MASA science missions, and if no fands are
available for sustaimins commercial lmmch vehickes, NASA may need to inreass its use of foreipn
lamch capabilities i this class i a manrer consistent with applicable policy.
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diz A NASA Laonch Services IT - For Information Results

The NLS I Fequsst for Information (FFI) was releassd on Aprnl 21, 2008, with responses due oo May
17, 30&. The purposs of the FFT was to solicit information from industry that could potentialty
mhm:ehii&iwoanhfmﬂEMSPoM Acquisition. The FFTinchaded a proposed
Mission Model conmming small- and mediom-class missions and potential Acguisiton Stategies.
Comments related to, bt not limsted to, the following topics were requested:

= Technical Capabdlity;

»  Lamnch Vehicle Certification;

= NLS Cootract Terms and Conditors; and
= Infrastnacdure.

Flesponses were received from Anlamnch, ATE Lamnch Systems (ATE), 05C, Spacel, and ULA
05C, SpaeX ad ULA are service providers under the omment WLS Contract, while Airl aonch and
ATE are not.

The primary themes of the BFI responses vared widsly, based upon the prowider. Airlamch
suggested that MASA provide the fexibility to tailor contrad requirements in line with the level of
nizk, in arder to maximize opporimities for new providers. ATE proposed their new Small Lamch
Wehicle (SLV) and Madin Launch Vehicls (MLV) as viable solutiors for spall- and mediom-class
markets and outlined their preference for a new NLS coniract: in erder i give ATE “.. the fairest and
et chanee to compete with established MNLS offerars ™ OSC sought to recreate sepamte confmrads and
cooiract requirements unique to these lamch vehicle classes, much like the previoas NASA Small
Expendable Lamnch Vehicle Services (SELVS) conmact. Space™ recommended a mmber of
clarifirations and enharsements oo the current WL Redquest for Propasal (BEF). based upon their
Tecent experience “on-ramping” to the WLS conmac. ULA advocated using proven lnmch vehicles by
gither re-establishing the Delta I producton capabilify or co-manifesting small- and medium-class
uissions oo the Atlas Voor Delta IV EELVs. ULA also infimated that new Laumch vehicles should be
utilized anly as a last resont, although they did disonss an epton for two potential new launch vebicles
- an Atlas V Small and a Delta TV Small.
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Each provider, with the exception of Airlamch, addressed the Mission Model in the BFL The toml
mumibers of missions in the mediom class are reduced fom those m a 2007 NASA study of Delia I
and altemate laonch prowides. Their inputs are sumnarnized m the @hle belowr.
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The 2011 MASA soience misssons - Gravity Fecovery And Interiar Labaratory (mediom class) and
MuStar (small class) — and the 2012 Landsat Diata Contimuity Mizsion (mediom ¢lass) are not inclided
in the przsion model, hecause they either already bad a lamch service umder confract, of were planned
to be accommodated under the exdsting NLS contract persod of performance.

Each provider also addressed the altemative acquisition approaches suepested in the BFT On5C,
SpaceX and ULA all advocated the extension of the omrent WLS coniract, citing the efficiency and
effectivensss of such a soboton. Anlymch was naumal as fo whether or not MASA porsues a new
coofract, while ATE dasired a new comiract mecharizm with the expecation that this might provide a
mare level plrying fisld

The EFI responses inchided several areas fir consideration for the NLS follow-on conmract, mehading
atvocacy of extending the current ML contract erdering period and perind of performance. Based on
the EFT responses, NASA will recomsider some of the terms and condttions in the MLS FFP, sach az
payment schedule:, mizsion success meentives, and the clarification of lvmnch delay penalty
provisions. NMASA will also address the advaniazes and disadvantages of — as well as aliematives o —
co-mamifastnz multple missiens oo a single launch vehicle
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For completeness, this appendix also provides a high level smmmary i ane of the areas responded o
under the I55 Conmercial Fesupply Services BFT that was issued fo industry in the fall of 2007,
While thiz FFI was focused on services to camy carge to the I55. it did confain questons that have
some applicabdity to the lynching of NASA scisnce missions using commercial semvices. When
asked about what things might provide incentives fior commertial companies to provide cost-effecdive
and reliable lnch services, respondents advocated the creation of understandable performane e
goals milestones, retaining comMpetton fo provide centives to Iefin usiness (or ot kse fonme

‘busmesz), but somehow finding a way to make block purchases (or bave a lonz-tenm conmmstment and
Tegular semices).

3
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Appendit B: Acronvms

ATE - Alliant Tech Systems

J0TS — Conmmercial Criital Transportaton Services
RS — Commercial Fesapply Services

54 — Conmnencial g A

L/PAF - Chaal Payload Aftach Firtme

Dol - Diepartment of Defenze

EELV - Evalved Expendable Launch Vehicle, (Aflas V and Delta IV lnmch vehicles)
ELC - EELV Lamch Capability (contract)

ELS - EELV Lameh Suppart (contmad)

ESPA —EELV Spall Payload

ICEM - Intercortinental Ballistir MNssls

155 - Intermational Space S@aton

MLV - Medium Lamch Vehicle

NASA - National Aetonauiics and Space Admimsmaton
MLS —NASA Lamch Service (Contmact)

WEPD - Natioeal Security Presidential Directive

05C — Orbatal Scences Corporation

PTF. - Preliminary Desizn Revizw

PLF - Paylead Faring

USAF - United Seates Air Force
SpaceX — Space Exploration Technologies Carporation

"
)
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MANAGEMENT COMMENTS

MNat

Space

Headquarters
Washington, DC 20546-0001

February 8, 2011

Space Operations Mission Directorate

TO: Assistant Inspector General for Audits

FROM: Associate Administrator for Science Mission Directorate
Associate Administrator for Space Operations Mission Directorate
Deputy Associate Administrator for Space Operations Mission Directorate

SUBJECT: Response to the Draft Audit Report, “Review of NASA's Acquisition of
Commercial Launch Services” (Assignment No. A-09-011-00)

We have reviewed the draft audit report, “Review of NASA’s Acquisition of Commercial
Launch Services” (Assignment No. A-09-011-00), dated February 1, 2011. The following
comments summarize our concurrence and concerns with various aspects of the draft audit
report. In addition, several technical inaccuracies of the report are described in the enclosure.

. We concur with the results/findings of the audit objective titled “NASA’s Launch
Services Program Provided Launch Vehicles within Cost and Timeframe
Established by Contract.”

We concur with the intent of both portions of the management action and .
recommendation resulting from the audit objective titled “NASA’s Acquisition
Strategy for Medium Class Launch Vehicles Did Not Include the Use of Minotaur
Launch Vehicles.” Our understanding is that the intent of the action reflects our
current process. We do not see a need for this specific recommendation as it
describes an action that NASA is already performing.

[

We continue to be concerned with the lack of consideration given to limiting the adverse
impact of the use of excess ballistic missiles on the U.S. Commercial Space Transportation
Industry as stated in the U.S. Space Transportation Policy, dated December 4, 2004, As
background, the policy states:

s “Today, vital national security, homeland security, and economic interests are
increasingly dependent on United States Government and commercial space
assets. U.S. space transportation capabilities are the critical foundation upon

* “United States Government agencies may use [excess ballistic missile] assets to
launch payloads into orbit on a case by case basis.... [when such use] limits the
impact on the U.8. space transportation industry.”
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In the final quote above, it is clear that the President understood the potential impact that use of

the relatively inexpensive Minotaurs could have on the commercial industry if allowed to be
used without restraint.

Although this draft has corrected many of the more significant inaccuracies cited previously by
NASA, there remain inaccuracies and inconsistencies in cost estimates. These are described in

the enclosure.

Since NASA has, and will continue to, consider the use of Minotaur in our launch service
options, consistent with law and policy, we recommend closure of this audit,

This response has been coordinated with the Office of Procurement and the Office of General
Counsel.

We appreciate the opportunity to review and comment on the revised draft audit report.
)N
1
Edward El.jbcilur
N

William H. Gerstenmaier

fclosure

ce:
SMD/Mr. Luther
Ms. Hornstein
Ms. Cohen
SOMD/Ms, Sweet
Mr. Norman
Ms. Brown
OGC/Mr. Wholley
Ms. Thompson-King
Ms. Roberts
Mr. Mahoney
Ms. Graham
Mr. Barber
OP/Mr, McNally
Mr. Frazier
Ms. Goddard
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National Aeronautics and Space Administration

Administrator
Deputy Administrator
Chief of Staff
Associate Administrator for Exploration Systems
Associate Administrator for Science

Deputy Associate Administrator for Programs
Associate Administrator for Space Operations

Assistant Associate Administrator for Launch Services
Director, Kennedy Space Center

Non-NASA Organizations and Individuals

Office of Management and Budget
Deputy Associate Director, Energy and Science Division
Branch Chief, Science and Space Programs Branch
Government Accountability Office
Director, NASA Financial Management, Office of Financial Management and
Assurance
Director, NASA Issues, Office of Acquisition and Sourcing Management

Congressional Committees and Subcommittees, Chairman and
Ranking Member

Senate Committee on Appropriations

Subcommittee on Commerce, Justice, Science, and Related Agencies
Senate Committee on Commerce, Science, and Transportation

Subcommittee on Science and Space
Senate Committee on Homeland Security and Governmental Affairs
House Committee on Appropriations

Subcommittee on Commerce, Justice, Science, and Related Agencies
House Committee on Oversight and Government Reform

Subcommittee on Government Organization, Efficiency, and Financial Management
House Committee on Science, Space, and Technology

Subcommittee on Investigations and Oversight

Subcommittee on Space and Aeronautics
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Visit http://oig.nasa.gov/audits/reports/FY 11/ to obtain additional copies of this report, or contact the
Assistant Inspector General for Audits at 202-358-1232.

COMMENTS ON THIS REPORT

In order to help us improve the quality of our products, if you wish to comment on the quality or
usefulness of this report, please send your comments to Mr. Laurence Hawkins, Audit Operations and
Quality Assurance Director, at Laurence.B.Hawkins@nasa.gov or call 202-358-1543.

SUGGESTIONS FOR FUTURE AUDITS

To suggest ideas for or to request future audits, contact the Assistant Inspector General for Audits.
Ideas and requests can also be mailed to:

Assistant Inspector General for Audits
NASA Headquarters
Washington, DC 20546-0001

NASA HOTLINE

To report fraud, waste, abuse, or mismanagement, contact the NASA OIG Hotline at 800-424-9183 or
800-535-8134 (TDD). You may also write to the NASA Inspector General, P.O. Box 23089, L’Enfant
Plaza Station, Washington, DC 20026, or use http://oig.nasa.gov/hotline.html#form. The identity of
each writer and caller can be kept confidential, upon request, to the extent permitted by law.
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