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About the FAA Office of Commercial Space Transportation

The Federal Aviation Administration’s Office of Commercial Space Transportation
(FAA AST) licenses and regulates U.S. commercial space launch and reentry
activity, as well as the operation of non-federal launch and reentry sites, as
authorized by Executive Order 12465 and Title 51 United States Code, Subtitle
V, Chapter 509 (formerly the Commercial Space Launch Act). FAA AST’s mission
is to ensure public health and safety and the safety of property while protecting
the national security and foreign policy interests of the United States during
commercial launch and reentry operations. In addition, FAA AST is directed to
encourage, facilitate, and promote commercial space launches and reentries.
Additional information concerning commercial space transportation can be
found on FAA AST’s website:

http://www.faa.gov/go/ast
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Introduction

INTRODUCTION

The Commercial Space Transportation Compendium by the Federal Aviation
Administration’s Office of Commercial Space Transportation (FAA AST) provides
an overview of the industry’s activities from the past year, including:

e review of all orbital launches in 2014;

e orbital launch vehicles, suborbital reusable vehicles, and on-orbit vehicles and
platforms that launched in 2014 or reached advanced stages of development;

e commercial and government launch sites;

e other commercial ventures, including companies investing in opportunities
beyond low Earth orbit;

e regulations related to commercial space transportation; and
e aforecast of global launch demand.

In addition, throughout each of these sections are brief highlights of significant
events from 2014.

See the appendices for other resources, including:

e the 2014 manifest of worldwide orbital launches;
e definitions of terminology; and
e alist of acronyms and abbreviations.
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BUSY YEARIN
U.S. COMMERCIAL SPACEFLIGHT

- Highest estimated U.S. launch revenues in 16 years: $1.1B

- Highest number of licensed orbital launches since 2004

- Busiest year for development of safety regulations and environmental reviews
- Highest humber of active and proposed commercial launch sites ever

TOTAL
LICENSED
ORBITAL
LAUNCHES

$1.1B

12 (71%1 from 2013)

2014 estimated FAA-licensed
launch revenues

TOTAL

permTTED 7 (Same as 2013)

LAUNCHES

Five FAA-licensed cargo missions to
ISS were conducted in 2014, with one
launch failure experienced by Antares

NASA’s EFT 1 flew on an FAA-licensed

1 United Launch Alliance Delta IV Heavy
6 Delta IVH :
Falcon 9 ; 1 1 5 SpaceX concluded five Falcon 9R
E\ Atlas V  Zenit 3SL Falcon 9R flights from its site in McGregor, Texas
3 / Q Dev 1 Scaled Composites conducted two
Antares E n L Va\ powered flights of SpaceShipTwo
A N T| L in 2014. One flight ended in failure,
[ \lead/ \ > i resulting in two crew casualties
i Il [I rl ";Iﬂ‘ é 2
= ﬁﬁﬁ : - SpaceShipTwo
2 P ‘
| 4 3 2 2 1
B II II |I ' 5 = Dragon Orion
= — H— = — l-" = )
e B YYY b = .. - -
Licensed Launch Activity Permitted Launch Activity Reentry Activity

FAA AST 2014 ACTIVITIES

LICENSES AND PERMITS
- 25% increase in launch licenses, reentry licenses, and experimental permits from previous year (20 in 2014, 16 in 2013)

- Issued launch site license for Midland International Air and Space Port in Midland, Texas

- Issued safety approval for Waypoint 2 Space and Black Sky Training for spaceflight participant training

- Working with Florida, New Mexico, and Texas on new launch support facilities and launch sites

- FAA AST working with National Transportation Safety Board on the October 31, 2014 accident involving SpaceShipTwo

ENVIRONMENTAL IMPACT ASSESSMENTS
- FAAAST hosted two public hearings in Florida seeking input on the proposed Shiloh Spaceport on Merritt Island.
- The office published the final environmental impact assessment for the SpaceX launch site in Brownsville, Texas.

INFORMING REGULATIONS
- Issued “Recommended Practices for Human Space Flight Occupant Safety” designed to enable discussion on safety practices.

STUDIES
- Monitors all worldwide launches - provides U.S. Government and industry with data
- Develops with industry input the only 10-year commercial launch forecast
- Studying radiation propagation medical effects that may impact spaceflight participants
- Studying with NASTAR Center how spaceflight participants with common chronic ilinesses will respond to spaceflight




Year at a Glance

ACTIVE LICENSES, PERMITS, AND APPROVALS
(December 31, 2014)

26 Licenses 3 Experimental Permits 7 Safety Approvals

2014 Orbital Launches by Vehicle

India Multinational
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9 Total worldwide orbital
launches in 2014
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2014: Highest Number of Active and Proposed Commercial

Orbital and Suborbital Launch Sites

@ STATES WITH FAA-LICENSED SITES . .
- California Spaceport Commercial orbital launches take place from
- Mojave Air and Space Port 3 U.S. launch sites: CCAFS, VAFB, and MARS
- Spaceport America

- Oklahoma Spaceport

- Kodiak Launch Complex

- Midland International Air & Space Port
- Mid-Atlantic Regional Spaceport
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COMMERCIAL SPACE TRANSPO TION
2014 YEAR IN REVIEW

This section summarizes U.S. and international orbital lau ties for calendar year
2014. This section is also available separately as the Con; bace Transportation:
2014 Year in Review. i g :
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Commercial Space Transportation 2014 Year in Review

EXECUTIVE SUMMARY

The Commercial Space Transportation: 2014 Year in Review summarizes U.S. and
international orbital launch activities for calendar year 2014, including launches
licensed by the Federal Aviation Administration’s Office of Commercial Space
Transportation (FAA AST).

In 2014, the United States, Russia, Europe, China, Japan, India, Israel, and
multinational provider Sea Launch conducted a total of 92 orbital launches, 23 of
which were commercial (See Figure 1). In 2013 there were 81 launches, including
23 commercial launches. Three of the 92 launches failed; two government
launches, Russia’s Proton M launch of the Express AM4R communications satellite
and Europe’s Soyuz 2.1b launch of two Galileo navigation satellites, and one
commercial launch, United States’ Antares 120 launch of the Cygnus commercial
cargo capsule to the International Space Station (ISS).

Highlights of 2014 in the orbital space launch industry:

e The United States performed 11 commercial orbital launches, making 2014
the most active year since the late 1990s.

e NASA continued its ISS Commercial Resupply Services (CRS) program, with
the launch of five resupply missions. One CRS mission of a Cygnus cargo
spacecraft launched by an Antares vehicle resulted in a launch failure;

e SpaceX continued to successfully launch payloads for commercial clients,
including three commercial launches to geosynchronous transfer orbit (GTO)
and one to low earth orbit (LEO);

e The U.S. launch provider United Launch Alliance (ULA) exceeded its own
record number of 11 launches last year with 14 missions, launching 9 Atlas V,
4 Delta IV, and one Delta Il;

e One of these ULA vehicles, a Delta IV Heavy, successfully launched NASA’s
Orion Multi-Purpose Crew Vehicle on Exploration Flight Test 1 (EFT 1). The launch
was licensed by FAA AST;

e Two new orbital launch vehicles were successfully tested. The Russian Angara
launch vehicle family was introduced by a suborbital test of Angara 1.1PP in
July and a GEO insertion of a dummy payload by Angara A5 in December.
India successfully performed a suborbital test of its LVM3 launch vehicle
(formerly known as GSLV Mk 3); and

e Orbital launch vehicles deployed 46 CubeSat class satellites launched as
piggyback payloads. Sixty seven more CubeSats were delivered to the ISS
by the Cygnus, Dragon, and Progress spacecraft and then released into orbit
from the ISS. Twenty nine more CubeSats were lost during a failed launch
attempt of a Cygnus cargo spacecraft to the ISS.
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Revenues from the 23 commercial orbital launches in 2014 were estimated to
be about $2.36 billion. These revenues are nearly a half billion dollars higher
than in 2013 while consistent with commercial launch revenue in 2009, 2010, and
2012. The estimated commercial orbital launch revenues of $1.1 billion for U.S.
providers was the highest in five years (See Figure 2). This is the highest since
1998, when the total was $1.12 billion.

FAA AST licensed 12 commercial orbital
launchesin 2014, comparedto sevenlicensed
launches in 2013. SpaceX’s Falcon 9 vehicle
had six licensed launches: two in April and
September, under NASA’'s CRS program, Commercial

) , 23 (25%)

and four for commercial satellite operators

AsiaSat, ORBCOMM, and Thaicom. Orbital’s

Antares was used for three FAA-licensed Total:
ISS resupply missions in January, July, 92 launches

and October. The October launch attempt
of Antares resulted in a failure; its cause is
currently being investigated. Atlas V provided

Non-C jal
by United Launch Alliance (ULA) successfully e

launched commercial Earth observation

satellite WorldView 3 in August. Another ULA

successful FAA-licensed mission was that Figure 1.2014 Total Worldwide Launch
of Delta IV Heavy launching NASA’s Orion Activity

EFT 1. Sea Launch’s Zenit 3SL successful

launch of Eutelsat 3B was also an FAA-

licensed launch.
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2014 LAUNCH ACTIVITY

WORLDWIDE ORBITAL LAUNCH ACTIVITY

Launch providers from the United States, Russia, Europe, China, Japan, India,
Israel, and one multinational provider conducted a total of 92 launches in 2014,
23 of which were commercial (see Figures 2 and 3, Tables 1 and 2). This is higher
than the previous five-year average of 79 total launches and 22 commercial
launches per year. The following is a summary of worldwide orbital commercial
launches in 2014, by country.

e The United States conducted 23 launches in 2014, four more launches than
in 2013. Eleven of the 23 launches were commercial, five more than in 2013.

e Russia had the most total launches (32) in 2014, same as in 2013. It performed
four commercial launches, down from 12 in 2013. Russia experienced one
failure of a Proton M launch vehicle while attempting to launch the Express
AM4R GEO communications satellite for the Russian Satellite Communications
Company (RSCC).

e Furope conducted 11 launches in 2014, six of which were commercial,
rebounding from the low number of seven launches in 2013, including four
commercial ones.

e (China had 16 orbital launches, all non-commercial, one launch more than in 2013.
This is the second year in a row with no commercial launch activity in China.

e [ndia had four successful launches, including one commercial launch in 2014,
compared to three non-commercial launches in 2013.

e |srael successfully launched its Shavit vehicle _ Multinational
carrying Ofeq 10 reconnaissance satellite, a non- ey
commercial launch. It was the first orbital launch in
Israel since 2010.

e Japan performed a total of four non-commercial

launches in 2014, up one launch from 2013. Europe

6 (26%) USA

Total: 11 (48%)
23 Commercial
Launches

e The multinational Sea Launch Zenit 3SL launch
vehicle performed one successful launch in 2014.
In 2013, there was one failed commercial launch
attempt by Sea Launch.

Russia

4 (17%)

e There were 10 commercial launches of GEO satellites
in 2014, one launch less than in 2013. This year
continued the downward trend in commercial launches Figure 2. 2014 Worldwide
to GEO with the new lowest number since 2007. Commercial Launch Activity
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Commercial | Non-Commercial

Country/Region . 7 inches ernes Launches
United States 11 12 23
Russia 4 28 32
Europe 6 5 11
China 0 16 16
Japan 0 4 4
India 1 3 4
Israel 0 1 1
Multinational 1 0 1
TOTAL 23 69 92

Table 1. 2014 Worldwide Orbital Launch Events

Launching .
Launch Veticle Couniry/ Py Pavoad e

1/6/14 Falcon 9 USA Thaicom 6 GEO Success

1/9/14 Antares 120 USA Orb 1 LEO Success
2/14/14 Proton M Russia Turksat 4A GEO Success
3/22/14 Ariane 5 ECA Europe Astra 5B GEO Success
4/18/14 Falcon 9 USA Spx 3 LEO Success
5/26/14 Zenit 3SL Multinational Eutelsat 3B GEO Success
6/19/14 Dnepr Russia KazEOSat 2 GEO Success
6/30/14 PSLV CA India SPOT 7 SSO Success
7/10/14 Soyuz 2.1b Europe O83b 05-08 MEO Success
7/13/14 Antares 120 USA Orb 2 LEO Success
7114/14 Falcon 9 USA O s 10y 10 1" | LEO Success
8/5/14 Falcon 9 USA AsiaSat 8 GEO Success
8/13/14 Atlas V 401 USA WorldView 3 SSO Success
9/7/14 Falcon 9 USA AsiaSat 6 GEO Success
9/11/14 Ariane 5 ECA Europe MEASAT 3B GEO Success
9/21/14 Falcon 9 USA Spx 4 LEO Success
10/16/14 Ariane 5 ECA Europe Intelsat 30 GEO Success
10/28/14 Antares 120 USA Orb 3 LEO Failure
11/6/14 Dnepr Russia ASNARO 1 SSO Success
12/5/14 Delta IV Heavy USA EFT 1 LEO Success
12/6/14 Ariane 5 ECA Europe DirecTV 14 GEO Success
12/18/14 Soyuz 2.1b Europe O83b 09-12 MEO Success
12/27/14 Proton M Russia Astra 2G GEO Success

Table 2. 2014 Worldwide Commercial Launch Events
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Figure 3. 2014 Launch Vehicle Use
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Worldwide Launch Revenues

Estimated revenues from the 23 commercial launch events in 2014 amounted to
approximately $2.36 billion (Figure 4). These revenues are nearly a half billion
dollars higher than in 2013 while consistent with commercial launch revenue in
2009, 2010, and 2012. The following are 2014 revenues by country:

e Commercial launch revenues in the United States amounted to $1.1 billion,
the highest since 1998. Estimated commercial launch revenue for 2013 was
$339.5 million.

e Russian commercial launch revenues were approximately $218 million, 30
percent of the last year’s $759 million. The delay caused by a civil government
Proton failure in May resulted in only two commercial Proton launches in 2014.
The other two Russian commercial launches this year were performed by the
low cost Dnepr vehicle.

e European commercial launch revenues were approximately $920 million, a 30
percent increase from 2013.

e (China did not perform any commercial launches in 2014, same as in 2013. It
earned an estimated total of $90 million for two commercial launches in 2012.

e Multinational (Sea Launch) revenues from the single 2014 launch were
estimated at $95 million, on par with the 2013 results.

Payments for launch services are typically spread over one to two years before
the launch, but for the purposes of this report, revenue is counted in the year a
customer’s payload launches. Launch revenues are attributed to the country or
region where the primary vehicle manufacturer is based. These revenues are
assessed based on commercial launch price estimates for each launch vehicle
using publically available information.

$1,200
$1,000
$800

$600

US$ Millions

$400

$200

$0
USA Europe Russia Multinational India

Figure 4. Estimated 2014 Commercial Launch Revenues

"International Launch Services (ILS) and Arianespace constitute an exception. ILS is a Russian-owned company incorporated
in the United States and selling launches of the Russian Proton vehicles. Arianespace markets launches of a Russian-
manufactured Soyuz 2 vehicle from the Kourou launch site in French Guiana.
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U.S. AND FAA-LICENSED ORBITAL LAUNCH AND
REENTRY ACTIVITY

FAA-Licensed Orbital Launch Summary

There were 12 FAA-licensed orbital launches in 2014 (see Table 3) from four
different launch sites.

SpaceX’s Falcon 9 vehicle made six licensed launches: two CRS missions to the
ISS and four launches for commercial communications satellite operators, all from
Cape Canaveral Air Force Station (CCAFS).

Orbital’'s Antares had three FAA-licensed launch attempts, two successful CRS
missions to the ISS and one failed CRS launch attempt, from the Mid-Atlantic
Regional Spaceport (MARS) in Virginia. ULA performed two FAA-licensed
launches, one by Atlas V of the WorldView 3 commercial remote sensing satellite
from Vandenberg Air Force Base (VAFB) and the other by Delta IV Heavy of
NASA’s EFT 1 from CCAFS.

Date Vehicle Primary Payload Orbit Launch Outcome
1/6/14 Falcon 9 Thaicom 6 GEO Success
1/9/14 Antares 120 Orb 1 LEO Success
4/18/14 Falcon 9 Spx 3 LEO Success
5/26/14 Zenit 3SL Eutelsat 3B GEO Success
7/13/14 Antares 120 Orb 2 LEO Success
7/14/14 Falcon 9 OR?(%O';AOI\Q'?\S;O% 104’ LEO Success
8/5/14 Falcon 9 AsiaSat 8 GEO Success
8/13/14 Atlas V 401 WorldView 3 SSO Success
9/7/14 Falcon 9 AsiaSat 6 GEO Success
9/21/14 Falcon 9 Spx 4 LEO Success
10/28/14 Antares 120 Orb 3 LEO Failure
12/5/14 Delta IV Heavy EFT 1 LEO Success

Table 3. 2014 FAA-Licensed Orbital Launch Events

Sea lLaunch’s Zenit 3SL vehicle performed one FAA-licensed launch of a
commercial telecommunications satellite Eutelsat 3B.

Over the past five years (in 2010-2014), FAA has on average licensed about
six launches per year. However, in 2014 the number of FAA-licensed launches
exceeded the 11 launches FAA licensed in 2008. At that time, five of the 11
FAA-licensed launches were Sea Launch’s Zenit 3SL carrying commercial
GEO communications satellites. With the Zenit 3SL launches effectively put on
hold after this year’s single launch, the increase in licensed orbital launches is
predominantly driven by U.S. launch organizations. SpaceX and Orbital (teamed
with ULA) plan 10 to 15 licensed launches in 2015. Figures 5 and 6 summarize the
number of FAA-licensed orbital launches and revenue in 2010-2014.
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Figure 5. FAA-licensed Orbital Launch Events, 2010-2014
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Figure 6. Estimated Revenue for FAA-licensed Orbital Launch Events, 2010-2014

USS$ Millions

United States

U.S. launch vehicles provided 12 U.S. government launches and 11 commercial
launches in 2014. Of the 12 government launches, two were for NASA and 10 were
for the Department of Defense (DoD), including the Air Force. Six launches for NASA,
including five SpaceX and Orbital launches to the ISS and the ULA launch of EFT 1
were all licensed by the FAA and therefore counted as commercial launches. Table 4
on page 16 summarizes U.S. and FAA-licensed launch vehicles active in 2014.

The following is a list of U.S.-based launch service providers, highlighting their
launch activity in 2014. It includes all companies that launch from the United
States or under the regulatory oversight of the FAA AST.
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Orbital Sciences Corporation

Orbital provides the Antares, Minotaur, and Pegasus vehicles for orbital launch.

Orbital launched two successful Cygnus resupply missions to the ISS in January
and July. The third launch attempt of Antares in October resulted in a failure and
the loss of the Cygnus spacecraft and the cargo it was carrying to the ISS; its
cause is currently being investigated.

Space Exploration Technologies Corporation

SpaceX performed six commercial Falcon 9 launches in 2014. In April and
September, two Falcon 9 v1.1 rockets launched the Dragon capsules carrying
supplies to the ISS. These vehicles were performed under NASA’s CRS program.
In January, Falcon 9 deployed a commercial telecommunications satellite
Thaicom 6 to GTO. In July, six second generation ORBCOMM commercial
telecommunications satellites were launched into LEO by one Falcon 9 vehicle,
and in August and September two more Falcon 9 launches delivered two AsiaSat
commercial satellites to GTO: AsiaSat 8 and AsiaSat 6.

United Launch Alliance

ULA, a joint company between Boeing and Lockheed Martin, manufactures and
operates Boeing-heritage Delta vehicles and Lockheed Martin-heritage Atlas
vehicles. In 2014, ULA conducted a record number of 14 launches, two of them
commercial.

A Delta Il 7320-10 deployed Orbiting Carbon Observatory (OCO 2) for NASA.
Delta IV vehicles placed three Air Force payloads into orbit: Navstar GPS 2F-05,
Navstar GPS 2F-06, and GSSAP 1. A Delta IV Heavy commercial FAA-licensed
launch deployed NASA’s EFT 1. Atlas V vehicles performed eight non-commercial
missions, seven for the DoD, Air Force, and one for NASA: DMSP 19, NRO L-67,
NRO L-33, Navstar GPS 2F-07, CLIO, Navstar GPS 2F-08, NRO L-35, and TDRS L.
A commercial FAA-licensed Atlas V launch deployed WorldView 3, a commercial
remote sensing satellite for DigitalGlobe.

FAA-Licensed Multinational Launches: Sea Launch AG

Zenit 3SL, a launch vehicle operated by multinational commercial launch provider
Sea Launch AG, deployed one commercial GEO communications satellite for
commercial operator Eutelsat.
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FAA Reentry License Summary

There were three reentries conducted under an FAA
reentry license in 2014. Two SpaceX’s Dragon spacecraft
performed the licensed reentries, in May and October
2014, completing its third and fourth CRS missions to
the ISS. A test version of Lockheed Martin’s Orion multi-
purpose crew vehicle was successfully recovered in the
Pacific Ocean following an FAA-licensed reentry (See
Table 5 for details.)

; SpaceX Orion
Vehicle Dragon | (EFT 1)
FAA Suborbital Launch Summary 2014 Total 2 1
Reentries
Suborbital launches carried out under FAA licenses or |2014
experimental permits are listed in Table 6. peensed 2 1
e SpaceX performed five suborbital launches of its |Beentry 2/2 1
. ; Reliability 100% 100%
Falcon 9R Dev 1 experimental rocket from SpaceX’s | (2014) ° °
McGregor Test Site authorized under an FAA | Reentry
Experimental Permit. Four flights were successful and | Reliability 6/6 11

the fifth launch conducted on August 22 resulted in %aasrts;o 100% | 100%

an on-board anomaly and vehicle self-destruction [z of First
: ; 2010 2014
commanded by flight control. These flights were part | Reentry

of the development program of a reusable first stage | Reentry Pacific | Pacific
for the Falcon 9 orbital launch vehicle. Sites Ocean | Ocean
e Virgin Galactic’s SpaceShipTwo performed two Egg?ad 1 6,000 N/A

powered flight tests from Mojave Air and Space Port | kg (Ibs) (13,228)

authorized under an FAA experimental permit issued | Payload 3.000
to Scaled Composites, the vehicle manufacturer. The If(rgr(fl‘b';')zo’ ©614) | NA
second flight on October 31%tresulted in a catastrophic

failure and death of one of the pilots. The second pilot Table 5. FAA-Licensed Reentry Vehicles
survived but suffered injuries. The cause of the crash Active in 2014

is currently being investigated.

Operator Jgﬁii(r)i];:{?:n Launch Date Vehicle
- Experimental Permit .
Scaled Composites (EP 12-007) 1/10/14 SpaceShipTwo
Spacex EXp‘Z“EQ‘jQﬁ%‘%‘)ﬂrm” 4/18/14 Falcon 9R Dev 1
Spacex EXp?ng?Z%HB?rm't 5/2/14 Falcon 9R Dev 1
Spacex EXp‘?EQ?QEgH%‘)”m” 6/17/14 Falcon 9R Dev 1
SpaceX Exp((algi;n?zglgt)ermit 8/1/14 Falcon 9R Dev 1
SpaceX EXp?E;”?QngB?“” 8/22/14 Falcon 9R Dev 1
. Experimental Permit .
Scaled Composites (EP 12-007) 10/31/14 SpaceShipTwo

Table 6. FAA 2014 Suborbital License and Permit Flight Summary
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NON-U.S. ORBITAL LAUNCH ACTIVITY

The following section of the report highlights non-U.S. launch activity on a country-
by-country basis.

Russia

In 2014, there were 32 Russian launches. Thirty-one of these were successful,
one Proton M failed. Eight launches were with Proton vehicles and 18 with Soyuz
vehicles. Dnepr and Rockot performed two launches each. One mission was
launched with Strela. The new Angara A5 heavy class launch vehicle performed a
successful test launch of a dummy payload to GEO from a northern Russia launch
site Plesetsk; this test flight was preceded by a suborbital test launch of a lighter
Angara version. Twenty-one of the missions launched from Baikonur Cosmodrome,
and nine missions launched from Plesetek. Two Dnepr launches were condicted
from Dombarovskiy Air Base. Four launches were commercial and 28 were non-
commercial. The non-commercial missions are detailed below.

e Eight Soyuz launches were dedicated ISS missions, involving four Progress M
cargo missions and four Soyuz spacecraft crew exchange missions.

e Nine launches were performed in the interest of the Russian military. A Proton
vehicle launched a GEO communications satellite Olymp K. Six Soyuz vehicles
launched three Glonass series navigation satellites and three intelligence
satellites. A Rockot vehicle launched three Cosmos series store-and-forward
communications satellites. One Strela launch vehicle launched Kondor E1, an
imagery intelligence satellite.

e Russia conducted 10 launches for civil purposes, that were not related to the
ISS. Four Proton vehicles launched six GEO communications satellites (two
of the launches were dual manifest), one launch, intended to deploy Express
AMA4R, resulted in a failure. Four Soyuz vehicles launched four primary payloads,
including two remote sensing satellites, a weather, and a science payload. The
launch of the Meteor 3M N2 weather satellite also carried five microsats as
piggyback payloads. Rockot launched three Gonets series store-and-forward
communications satellites. The new Angara A5 heavy class launch vehicle
performed a successful test launch of a dummy payload to GEO

e International Launch Services (ILS) facilitated two commercial launches of
Proton M. Both missions were telecommunications satellites to GEO, Turksat 4A
for Turk Telekom and Astra 2G for SES.

e Two Dnepr commercial vehicles provided by JSC Kosmotras launched
primary payloads KazEoSat 2 for Kazakhstan and ASNARO 1 for the Japanese
Government. KazEoSat 2 was launched with 36 secondary payloads, including
Deimos 2 remote sensing satellite for Spain and 35 microsatellites, most of them
cubesats. ASNARO 1 was launched with four Japanese university microsatellites.

Europe

Europe conducted 11 launches in 2014 from its spaceport in French Guiana.
Six were with Ariane 5 vehicles, four with Soyuz vehicles, and one with the Vega
rocket. Four of the Ariane 5 and two of the Soyuz launches were commercial. The
other five European launches were non-commercial, carrying payloads for the
European Space Agency (ESA), European Commission, Italian Space Agency, and
government of Kazakhstan. More details on European launches are below:
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e Five Ariane 5 ECA launch vehicles placed 10 satellites in GEO, including
seven commercial telecommunications satellites, one military communications
satellite, and two civil government communications satellites. All Ariane 5 ECA
launches were dual manifests of GEO satellites.

e An Ariane 5 ES launched the fifth and the last Automated Transfer Vehicle (ATV)
bringing cargo to the ISS.

e Two Soyuz 2 launches were commercial launching a total of eight satellites to medium
earth orbit (MEO) for the O3b commercial communications constellation.

e Two more Soyuz 2 launches launched Sentinel 1A for ESA and two Galileo
navigation satellites for the European Commission. The Galileo satellites were
deployed in a useless orbit due to an in-flight anomaly in the Fregat upper stage;
the launch was declared a failure.

e Vega launched KazEOSat 1 for Kazakhstan.
China

China conducted 16 orbital launches, all of them for the Chinese government. Two
launches were conducted from the Xichang Satellite Launch Center, eight from the
Jiuguan Satellite Launch Center, and six from the Taiyuan Satellite Launch Center.
More details on Chinese launches are below.

e FEleven launches were for China’s military. These launches deployed a total of
16 satellites, all to low earth (LEO) and sun-synchronous (SSO) orbits. Twelve of
these satellites are believed to be for signal and image intelligence purposes,
three for remote sensing, one for early warning, and one development payload.

e Five launches were for China’s civil government agencies and a university. They
deployed seven satellites, including two remote sensing, two development and
test payloads, one meteorological satellite, one communications satellite, and
one science payload.

India

The Indian Space Research Organization (ISRO) performed four orbital launches in
2014. GSLV Mk Il launched GSAT 14 geostationary communications satellite, and
two PSLV launches deployed two navigation satellites for ISRO.

One PSLV launch was a commercial deployment of SPOT 7 for SPOT Image (since
sold to Azercosmos), accompanied by four civil and university microsatellites.

Israel

Israel launched Ofeq 10 military observation satellite using Shavit 1 vehicle.

Japan

Japan had four H-lIA launches this year, launching GPM-Core remote sensing
payload built by NASA Goddard Space Flight Center, Himawari 8 meteorological
satellite, Hayabusa 2 scientific probe, and ALOS 2 remote sensing payload. ALOS 2
was launched with four microsatellites as secondary payloads.
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A Falcon 9 vehicle, manufactured
and operated by SpaceX, is launched
from Cape Canaveral Air Force
Station in July 2014 carrying six
ORBCOMM satellites.

Image credit: SpaceX
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This section describes expendable launch vehicles in detail, beginning with U.S. vehicles and concluding
with non-U.S. vehicles. Individual factsheets provide technical detail for each vehicle system.

In 2014 there were 92 orbital launches, 23 of which were commercial. There were 12 FAA AST-
licensed launches conducted in 2014, the highest since 2004. The following are 2014 highlights
of the commercial launch industry:

Eleven of the 23 U.S. launches this year were commercial orbital launches. The European
company Arainespace conducted six commercial launches. The multinational company Sea
Launch AG and Antrix of India each conducted a single commercial launch. Russian providers
only conducted three commercial launches, the lowest since 2001,

Orbital Sciences’ new launch vehicle Antares performed two successful launches, both from
Virginia’s Mid-Atlantic Regional Spaceport (MARS):
— Orb1andOrb 2 cargoflights to the International Space Station (ISS) were successfully
carried out.

e SpaceX successfully launched its Falcon 9 vehicle six times from Cape Canaveral Air Force
Station (CCAFS).

— Spx 3 and Spx 4 cargo flights carried 4,300 kilograms to ISS.

— Three telecommunications satellites were deployed to geosynchronous orbits (GEO),
including Thaicom 6, AsiaSat 6, and AsiaSat 8.

— A cluster of six ORBCOMM satellites was deployed to low Earth orbit (LEO).

e Arecord number of CubeSats were launched during 2014 (133). Twenty-nine were lost due
to a launch failure (Orb 3).

— Sixty-seven Planet Labs 3U CubeSats were successfully deployed into LEO in three
separate launch events. Most of the satellites (56) were carried aboard Cygnus cargo
modules launched by the Antares, for later orbital deployment from the Kibo module
on ISS.

e Though not commercial launches, there were a number of significant launches by foreign
governments.

— In July, Russian company Khrunichev successfully launched the first test version
of the Angara 1.2PP vehicle, the smallest variant in the Angara family. This was a
suborbital launch. In December, Khrunichev successfully launched the much larger
Angara A5 vehicle.

— The Indian Space Research Organization (ISRO) successfully launched its LVM3
(formerly called GSLV Mark IlI) for the first time. The suborbital flight was designed to test
the vehicle as well as a reentry capsule expected to be used to send astronauts into orbit.

— China successfully launched a new, small-class vehicle called Kuaizhou for a second
time since its inaugural flight in 2013.

e There were three failed orbital launch attempts in 2014:

— A Russian Proton M vehicle was destroyed during a launch failure on May 15. The
vehicle was carrying an Express communications satellite.

— The Fregat upper stage for a Soyuz 2.1b failed on orbit shortly after launch on August
22, placing two Galileo navigation satellites into the wrong orbit.

— An Antares vehicle was destroyed during a launch failure from MARS on October 28.
The vehicle was carrying Orb 3, the third cargo mission under a Commercial Resupply
Services (CRS) contract between NASA and Orbital Sciences Corp.

These and other 2014 orbital launch events are discussed in detail in the Year in Review Section.



Orbital Launch Vehicles

U.S. COMMERCIAL ORBITAL LAUNCH VEHICLES

There are six expendable launch vehicle types available for commercial use in the United States:
Antares, Atlas V, Delta IV, Falcon 9, Minotaur C, and Pegasus XL. Another new U.S. vehicle,
the Super Strypi, developed and built by the University of Hawaii (UH), Sandia, and Aerojet
Rocketdyne, and originally expected to fly in 2013, is scheduled to make inaugural launch in 2015;
however, the availability of Super Strypi for commercial use remains uncertain. Another launch
vehicle provided by Orbital, the Minotaur C, is essentially an improved version of the company’s
Taurus XL vehicle, which first flew in 1994. A Minotaur C contract for the launch of six satellites was
signed between Orbital and Skybox Imaging in 2014. Currently available orbital launch vehicles
are listed in Table 1.

Other U.S. vehicles are under various stages of development, including the air-launched
Thunderbolt from Stratolaunch Systems, and several small systems like Alpha from Firefly Space
Systems, Electron from Rocket Labs USA, GOLauncher-2 from Generation Orbit, the Lynx Mark
[Il from XCOR Aerospace, the NEPTUNE from InterOrbital Systems, and others. The Defense
Advanced Research Projects Agency (DARPA) is also sponsoring development of vehicles that
may be available for commercial use, including the XS-1 and Airborne Launch Assist Space
Access (ALASA).

All of these vehicles are described in greater detail in the following pages.

Yo f Acti
. e:ar ° Total/2014 ctive Mass to GTO Mass to LEO Mass to SSO
Operator Vehicle First Launches Launch kg (Ib) kg (Ib) kg (Ib)
Launch Sites 9 9 9
Orbital Sciences 6,120 4,500
Ant 2013 5/3 MARS - ' '
Corp. niares 4 (13,492) (9,920)
United Launch
Alli ULA
LOC'EEZ;( Mart)i/n e 2002 s1 CCAFS, | 2690-6,860 | 8123-18814 | 6424-15179
) VAFB (5,930-15,120) | (17,908-41,478) | (14,163-33,464)
Commercial
Launch Services
ULA/Boelnlg Delta IV 2002 08/4 CCAFS, 4,541-13,399 9,390-22,977 7,746-21,556
Launch Services VAFB | (10,012-29,540) | (20,702-50,656) | (17,078-47,522)
4,850 13,150
S X* Fal 9vi.1 2013 8/6 CCAFS ' ’ --
pace aicon v / (10,692) (28,991)
AF:
Orbital Sciences CC. S 475 325
Cor Pegasus XL 1994 32/0 Kwajalein, -- (1,045) (715)
o VAFB, WFF !
AF
Orbital Sciences , CC. S 1,458 1,054
Cor Minotaur C 2015 0/0 Kwajalein, - (3.214) (2.3214)
P VAFB, WFF ’ !
UH, Sandia, :
Ayerii"]etIa Super Strypi 2015 0/0 Barking 200
’ pertyp Sands (441)
Rocketdyne

* The Falcon 9 v1.0 was launched 5 times between 2010 and 2013. The numbers in this Compendium reflect the Falcon 9 v1.1,
introduced in September 2013.

Table 1. Currently Available U.S. Commercial Launch Vehicles
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NON-U.S COMMERCIAL ORBITAL LAUNCH VEHICLES

There are 13 expendable launch vehicle types available for commercial use outside the United
States: Ariane 5, Dnepr, Epsilon, GSLV, H-1IA/B, Long March 2D, Long March 3A, Proton M,

PSLV, Rockot, Soyuz 2, Vega, and Zenit 3SL/SLB.

Year of

Operator Vehicle First Total/2014 Active Mass to GTO Mass to LEO Mass to SSO
Launch Launches | Launch Sites kg (Ib) kg (Ib) kg (Ib)
. Satish 2,500 5.000
Antrix/ISRO GSLV 2001 8/1 7 -
X 4 Dhawan (5,516) (11,023)
Satish 1,425 3,250 1,750
Antrix/ISR PSLV 1993 26/3
nirix/ISRO S 4 Dhawan (3.142) (7.165) (3.850)
Guiana 9,500 21,000 10,000
Arianespace | Ariane 5 1996 77/6 ' ' '
I P I f Space Center (20,944) (46,297) (22,046)
Baikonur,
Guiana 3,250 4,850 4,400
Ari 2 2004 38/10
rlanespace | Soyuz / Space Center, (7,165) (10,692) (9,700)
Plesetsk
Guiana 1,500
Ari Vi 2012 3/1 -- ' -
rlanespace ega / Space Center (8,307)
Ji ,
cawie long | 2C:1975 | 2C:38/4 T':iqtjzg 2C: 1,250 2C: 3,850 2C: 1,900 (4,189)
March2 | 2D:1992 | 2D:15/2 alyuan, (2,756) (8,488) 2D: 1,300 (2,866)
Xichang
A: 1994 A: 23/0 A: 2,600 (5,732)
Long B: 1996 B: 13/0 . B: 5,100 (11,244)
WI Xich -- -
CGWIC | \larch 3A | BE: 2007 |  BE:13/0 °hang 1 BE. 5,500 (12,125)
C: 2008 C: 111 C: 3,800 (8,378)
Baikonur 2,140
E kot Rockot 1990 22/2 ' -- ' --
Urocko ocKo / Plesetsk (4,718)
6,920 23,000
ILS Proton M 2001 86/8 Baikonur : ' -
/ (15,256) (50,706)
ISC Baikonur 3,700 2,300
D 1999 21/2 ' - ' '
Kosmotras nepr / Dombarovsky (8,157) (5,071)
1,200 700
AXA Epsil 2013 1/0 hi -- '
J psilon / Uchinoura (2.646) (1.543)
. o A: 2001 A: 26/4 . A: 4,100-6,000 A: 10,000-15,000
Mitsubishi H-11A/B B: 2009 B: 4/0 Tanegashima (9,039-13,228) (22,046-33,069) --
' ' B: 8,000 (17,637) B: 19,000 (41,888)
L h 3SL: 1999
SeaL;L:an / et 3 SSSLB' 3SL: 36/1 Baikonur, 3SL: 6,000 (13,228)
‘ LB: Launch LB: 7,71 - .
Launch 2008 3SLB: 6/0 Sea Launc 3SLB: 3,500 (7,716)

Table 2. Currently Available Non-U.S. Commercial Launch Vehicles
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In 2013, Orbital Sciences Corporation began offering its
Antares, atwo-stage vehicle designed to launch government
and commercial satellites to low Earth orbit (LEO), Cygnus
cargo modules to the International Space Station (ISS), and
missions requiring Earth escape trajectories. The Antares
is also available under the NASA Launch Services (NLS) |l
contract for future science missions.

The Antares is the first cryogenically fueled vehicle
produced by Orbital. The Antares 100 series consists of
a first stage produced by Ukrainian Yuzhnoye Design
Office (Yuzhnoye) powered by twin Aerojet AJ26-62
engines derived from the Russian NK-33. A customer can
select from two different second stages, the Castor-30XL
or the Castor-30B, both from Alliant TechSystems (ATK).
Orbital also offers an optional Bi-Propellant Third Stage
(BTS) for high-energy performance needs. The vehicle
is topped off with a payload adapter and a 4-meter (13-
foot) diameter fairing. In 2008, NASA selected the Antares
(originally named Taurus Il) to receive funding under the
COTS program. NASA ultimately selected Orbital and its
competitor SpaceX to provide cargo transportation to the
ISS under a CRS contract.

The fifth launch of Antares, which took place in October
2014, ended in a launch failure. Orbital is redesigning the
vehicle by replacing the engines (from AJ26 to the RD-
181) and making other modifications. This version will be
introduced in 2016.

Orbital Sciences Corp.

Launch service provider
Orbital Sciences Corp.

Company headquarters
USA

Manufacturer
Orbital Sciences Corp.

Mass, kg (Ib)
530,000 (1,168,450)

Length, m (ft)
40.5 (132.9)

Diameter, m (ft)
3.9 (12.8)

Year of first launch
2013

Number of launches
5

Reliability
80%

Launch site
MARS (Pad 0-A)

LEO capacity, kg (Ib)
4,550-5,700 (10,031-12,566)

Length, m (ft) Diameter, m (ft)

| Standard Fairing |

SSO capacity, kg (Ib)

9.9 (32.5) 3.9 (12.8) 3,350-4,500 (7,385-9,921)
1st Stage 2" Stage 3d Stage Option 3@ Stage Option
. . Bi-Propellant Third
Stage designation N/A Castor-30B/30XL STAR-48V Stage (BTS)
Length, 25 30B:4.17 (13.7) 2 1.8
m (ft) (82) 30XL: 5.99 (19.7) (6.6) (5.9)
Diameter, 3.9 2.34 1.2 1.7
m (ft) (12.8) (7.7) (3.9) (5.6)
Manufacturer KB Yuzhnoye ATK ATK Orbital
Propellant LOX/Kerosene Solid Solid N,O,/UDMH
Propellant mass, 30B: 12,887 (28,411) _
kg (Ib) 240,000 (529,109) 30XL: 24,196 (53,343) 2,010 (4,431)
Total thrust, 3,630 396.3 77.8 __
kN (Ibf) (816,000) (89,092) (17,490)
Engine(s) 2 x AJ26-62 -- -- --
Engine manufacturer | Aerojet Rocketdyne Orbital
Engine thrust, 1,815 396.3 77.8 _
kN (Ibf) (408,000) (89,092) (17.490)
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The Atlas V family is a product of the U.S. Air Force’s Evolved
Expendable Launch Vehicle Program (EELV), begun in
1995. Lockheed Martin originally developed the Atlas V,

vehicles on an Atlas V.

United Launch Alliance

Launch service provider
United Launch Alliance

but manufacturing and operations are now conducted by il s
A5 United Launch Alliance (ULA), a joint company between Company headquarters
Hil Lockheed Martin and Boeing. ULA markets the vehicle to USA
‘I the U.S. Government and Lockheed Martin Commercial Manufacturer
I Launch Services markets to commercial clients worldwide. United Launch Alliance
‘I In 2010, ULA began the process of certifying Atlas V for
4i  human missions, to launch NASA astronauts to low Earth .Mass, kg (Ib)
|\||| orbit (LEO). ULA has agreements with Boeing and Sierra H0lE B2 e (e i)
iiﬁ}i Nevada Corporation (SNC) to launch their crewed orbital 551: 568,878 (1,251,532)

Length, m (ft)

Atlas V Atlas V Atlas V consists of the Common Core Booster (CCB) powered 60.6-75.5 (198.7-247.5)
401/402  422/421 ) . Diameter, m (ft)
411/412  431/432 by a Russian RD-180 engine, a Centaur upper stage powered )

by either one or two Pratt & Whitney Rocketdyne (PWR)
RL10A-4-2 engines, a payload adapter, and a payload fairing.
The vehicle variants are described in two groups: Atlas V 400

3.8 (12.5)

Year of first launch

series and Atlas V 500 series. The first number of the three-digit 2l
designator indicates the diameter of the fairing in meters, the Number of launches
second number indicates the number of Aerojet solid rocket 51

boosters used (zero to five), and the third number indicates Reliability

the number of RL10A-4-2 engines employed by the Centaur 100%

upper stage (one or two).

The Atlas V family debuted in 2002 with the successful launch
of an Atlas V 401 from Cape Canaveral Air Force Station
(CCAFS) and can launch payloads to any desired orbit.

Launch sites
CCAFS (SLC-41)
VAFB (SLC-3E)

GTO capacity, kg (Ib)
4,750-8,900 (10,472-19,621)

| J TN oot [ Diameter m(f) || LEO capacity, kg (Ib)
Atlas V Atlas V Large Payload Fairing 12 (39.4) 4.2 (13.8) 9,370-18,510 (20,657-40,510)
501/602  521/522 Extended Payload Fairing 12.9 (42.3) 4.2 (13.8) SSO capacity, kg (Ib)
511/512  531/532 | Extra Extended Payload Fairing 13.8 (45.3) 4.2 (13.8) 7,724-15,179 (17,029-33,464)
1<t Stage SRB* 2" Stage Option 2" Stage Option
Stage designation Conér::&‘r’wte?ore SolidRocketBoosters Singl:nltfanug:ine Dual Engine Centaur
Length, m (ft) 32.5 (106.6) 20 (65.6) 12.7 (41.7) 12.7 (41.7)
Diameter, m (ft) 3.8 (12.5) 1.6 (5.2) 3.1 (10.2) 3.1 (10.2)
Manufacturer ULA Aerojet Rocketdyne ULA ULA
Propellant LOX/Kerosene Solid LOX/LH, LOX/LH,
Propellant mass, 284,089 46,697 20,830 20,830
kg (Ib) (626,309) (102,949) (45,922) (45,922)
Total thrust, kN (Ibf) [ 3,827 (860,309) 1,688 (379,550) 99.2 (22,300) 198.4 (44,600)
Engine(s) 1 x RD-180 -- 1 x RL10A-4-2 2 x RL10A-4-2
Engine manufacturer RD AMROSS -- Aerojet Rocketdyne | Aerojet Rocketdyne
ol . Engine thrust, 3,827 1,688 99.2 99.2
Atlas V Atlas kN (Ibf) (860,309) (379,550) (22,300) (22,300)
541/542  551/552 *Figures are for each booster.
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DELTA IV

The Delta IV family is a product of the U.S. Air Force’s
Evolved Expendable Launch Vehicle Program (EELV),
begun in 1995. Boeing originally developed the Delta IV,
but manufacturing and operations are now conducted by

The Delta IV is composed of a Common Booster Core

United Launch Alliance

Launch service provider
United Launch Alliance
Boeing Launch Services

United Launch Alliance (ULA), a joint company between Company headquarters
A Lockheed Martin and Boeing. ULA markets the vehicle to USA
the U.S. Government and Boeing Launch Services markets Manufacturer
I to commercial clients worldwide. The vehicles can launch United Launch Alliance
ayloads to any desired orbit.
I bay y Mass, kg (Ib)

D-IVM: 249,500 (549,559)

: (CBC) powered by a PWR RS-68A main engine, one of two D-IVH: 733,000 (1,615,416)
DeltalV  DeltalV Cryogenic upper stages (varying in propellant tank volume Length, m (ft)
Medium Medium+ and diameter) powered by a PWR RL10B-2 engine, a 62.8-71.6 (206-234.9)

(4.2)

payload adapter, and a payload fairing. The vehicle may
also feature between two and four ATK GEM-60 motors.
The Delta IV is available in five variants.

mission marked the first time the vehicle was launched
under an FAA AST license.

Diameter, m (ft)
5(16.4)

Year of first launch

a [ The Delta IV family debuted in 2002 with the successful 2002
launch of a Delta IV Medium+ (4,2) from Cape Canaveral
II Il Air Force Station (CCAFS). Number of launches
A Delta IV Heavy was launched in early December 2014 Reliability
— carrying NASA’s prototype Orion Multi-Purpose Crew 100%
| !. Vehicle on Exploration Test Flight 1 (EFT 1). The successful Launch sites

CCAFS (SLC-37)
VAFB (SLC-6)

GTO capacity, kg (Ib)

’ N g RO Diameter, m (ft) 4,300-14,420 (9,480-31,791)
Y /" 11.7-Meter Fairing 11.7 (38.5) 4 (13) LEO capacity, kg (Ib)
DeltalV  Delta IV 14.3-Meter Fairing 14.3 (47) 5 (16.4) 9,150-22,560 (20,172-49,736)
Medium+ Medium+ 19.1-Meter Fairing 19.1 (62.7) 5(16.4) SSO0 capacity, kg (Ib)
(5.2) (5,4) Metallic Fairing 19.8 (65) 5 (16.4) 7,500-21,000 (16,535-46,300)
1<t Stage SRB* 2" Stage Option 2" Stage Option
Stage designation Commggrzooster GEM-60 4-MUe;E;nggggnic S-A{IJe;zrengZggnic
Length, m (ft) 46.7 (153.2) 15. 8 (52) 10.4 (34) 12.2 (40)
Diameter, m (ft) 5(16.4) 1.6 (5.3) 4 (13.1) 5(16.4)
Manufacturer ULA ATK ULA ULA
Propellant LOX/LH, Solid LOX/LH, LOX/LH,
Propellant mass, 199,640 59,520 20,410 27,200
kg (Ib) (439,735) (130,944) (45,000) (60,000)
Total thrust, kN (Ibf) | 2,891 (650,000) 1,245.5 (280,000) 110 (24,750) 110 (24,750)
Engine(s) 1 x RS-68A -- 1 x RL10B-2 1 x RL10B-2
B Engine manufacturer | Aerojet Rocketdyne -- Aerojet Rocketdyne | Aerojet Rocketdyne
WAWAY Engine thrust, 2,891 1,245.5 110 110
elg | kN (Ibf) (650,000) (280,000) (24,750) (24,750)
Heavy *Figures are for each booster.
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FALCON 9 vi1

Falcon 9 v1.1
(with Dragon)

Falcon 9 v1.1
(with fairing)

Space Exploration Technologies (SpaceX), founded
in 2002, first launched its Falcon 9 in 2010 from Cape
Canaveral Air Force Station (CCAFS). The vehicle is
designed to launch government and commercial payloads
to low Earth orbits, geosynchronous transfer orbits, and
Earth escape trajectories. It is also used to transport the
Dragon cargo module to the International Space Station
(ISS), and in 2017 will begin transporting crewed versions
of the Dragon. SpaceX will also provide Falcon 9 launches
under the Air Force’s Orbital/Suborbital Program-3
(OSP-3).

The vehicle consists of a first stage powered by nine SpaceX
Merlin engines, a second stage powered by a single
Merlin Vacuum engine, a payload adapter, and a large
payload fairing. The Falcon 9 is also designed to launch
the company’s Dragon capsule, which does not require
a fairing. The first version of the Falcon 9 (v1.0) launched
successfully five times since its introduction in 2010.

An upgraded version of the Falcon 9 was introduced in
September 2013. Falcon 9 v1.1, the upgraded vehicle,
features a longer first stage, new higher thrust engines
(the Merlin 1D instead of the Merlin 1C), and an octagonal
arrangement of engines on the first stage (instead of a
“tic-tac-toe” pattern) to relieve loads on the vehicle during
launch. The figures in this fact sheet reflect the upgraded
Falcon 9.

SpaceX developed the Grasshopper and Falcon 9R vehicles
to test reusable technologies designed for the Falcon 9 first
stage. This allows the company to offer launches on Falcon 9
while concurrently developing a reusable system.

SpaceX

Launch service provider
SpaceX

Company headquarters
USA

Manufacturer
SpaceX

Mass, kg (Ib)
505,846 (1,155,200)

Length, m (ft)
68.4 (224.4)

Diameter, m (ft)
3.7 (12)

Year of first launch
2010

Number of launches
8

Reliability
100%

Launch sites
CCAFS (SLC-40)
VAFB (SLC-3E)

GTO capacity, kg (Ib)
4,850 (10,692)

Length, m (ft)
13.2 (43.3)

Diameter, m (ft)
5.2 (17.1)

‘ Standard Fairing |

LEO capacity, kg (Ib)
13,150 (28,991)

1st Stage 2d Stage

Stage designation 1t Stage 2" Stage
Length, m (ft) 42.6 (139.8) 12.6 (41.3)
Diameter, m (ft) 3.7 (12) 3.7 (12)
Manufacturer SpaceX SpaceX
Propellant LOX/Kerosene LOX/Kerosene
Propellant mass, 411,000 73,400
kg (Ib) (906,010) (161,819)
Total thrust, 5,885 801
kN (Ibf) (1,323,000) (180,000)
Engine(s) 9 x Merlin-1D 1 x Merlin-1D
Engine manufacturer SpaceX SpaceX
Engine thrust, 653.8 801
kN (Ibf) (147,000) (180,000)
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Orbital Sciences Corporation offers the four-stage small-
class vehicle, Minotaur C, as an option for satellite
customers. The Minotaur C, an upgraded version of the
Taurus first introduced in 1994, was developed under
sponsorship of the Defense Advance Research Projects
Agency (DARPA). Several variants of the Minotaur-C are
available, allowing Orbital to mix and match different
stages and fairings to address customer needs.

The Minotaur C launches from SLC-376E at Vandenberg
Air Force Base (VAFB), though it may also be launched
from SLC-46 at Cape Canaveral Air Force Station (CCAFS)
and Pad 0-B at Virginia’s Mid-Atlantic Regional Spaceport
(MARS).

Orbital Sciences Corp.

Launch service provider
Orbital Sciences Corp.

Company headquarters
USA

Manufacturer
Orbital Sciences Corp.

Mass, kg (Ib)
70,000 (154,324)

Length, m (ft)

m Skybox Imaging signed a contract with Orbital Sciences _24'6 T
Corp. in 2014 for the launch of six SkySat satellites on a Diameter, m (ft)
single Minotaur C. The launch is planned for 2015. 2.4 (7.9)

Orbital Sciences Corp. and ATK Systems initiated a merger
in 2014, and this merger will be finalized in 2015 with the
establishment of Orbital ATK, Inc. :

Year of first launch
== 2015
Launch sites

Min302’[;8r C CCAFS (SLC-46)
MARS (Pad 0-B)
VAFB (SLC-376E)
O LEO capacity, kg (Ib)
a m Length, m (ft) Diameter, m (ft) 1,160 (2,552)
- 2.3-Meter Fairing 1.6 (5.2) 2.3(7.5) SSO capacity, kg (Ib)
= 1.6-Meter Fairing 2.2(7.2) 1.6 (5.2) 1,600 (3,520)
1st Stage 2 Stage 3 Stage 42;22? 43:&2?
Stage designation Castor-120 Orion-50SXLG Orion-50XL Orion-38 STAR-37
Length, 9.1 8.9 3.1 1.3 2.3
@ m (ft) (29.9) (29.2) (10.2) (4.3) (7.5)
] Diameter, 2.4 1.3 1.3 1 0.7
M m (ft) (7.9) (4.3) (4.3) (3.3) (2.3)
Manufacturer ATK ATK ATK ATK ATK
e Propellant Solid Solid Solid Solid Solid
Propellant mass, 48,960 15,023 3,925 770 1,066
kg (Ib) (107,939) (33,120) (8,655) (1,697) (2,350)
L Total thrust, 1,904 704 196 36 47.3
e kN (Ibf) (428,120) (157,729) (44,171) (8,062) (10,625)
3110, 3112 Engine thrust, 1,904 704 196 36 47.3
Minotaur C kN (Ibf) (428,120) (157,729) (44,171) (8,062) (10,625)
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PEGASUS XL

Pegasus XL

Orbital’'s Pegasus XL is a small-class, air-launched vehicle.
Orbital Science Corporation offers the Pegasus XL as a means
to launch small satellites to low Earth orbits (LEO).

The vehicle is derived from the first generation Standard
Pegasus firstlaunched in 1990. Itis normally composed of three
solid propellant stages manufactured by ATK, but it may also
include an Orbital-built Hydrazine Auxiliary Propulsion System
(HAPS) as a fourth stage. The vehicle uses a 1.2-meter (3.9-
foot) payload fairing. The first, second, and third stages
are manufactured by ATK and include Orion-50SXL, Orion-
50XL, and Orion-38 motors, respectively. The Orion-50SXL
is also integrated with a wing, enabling aerodynamic flight
during the launch phase. The vehicle is air-launched from a
Lockheed-built L-1011 aircraft.

The Pegasus XL has flown 26 consecutive successful missions
since 1997, but did not fly in 2014.

LEO capacity figures are for the Pegasus XL without a HAPS
fourth stage from Cape Canaveral Air Force Station (CCAFS).
Sun-synchronous orbit (SSO) figures are for the same vehicle
configuration launched from Vandenberg Air Force Base
(VAFB).

Orbital Sciences Corp. and ATK Systems initiated a merger
in 2014, and this merger will be finalized in 2015 with the
establishment of Orbital ATK, Inc.

Orbital Sciences Corp.

Launch service provider
Orbital Sciences Corp.

Company headquarters
USA

Manufacturer
Orbital Sciences Corp.

Mass, kg (Ib)
23,130 (50,993)

Length, m (ft)
16.9 (55.4)

Diameter, m (ft)
1.3 (4.2)

Year of first launch
1994

Number of launches
32

Reliability
91%

Launch sites
Canary Islands, CCAFS,
Kwajalein, VAFB, WFF

LEO capacity, kg (Ib)

450 (992)
m Length, m (ft) Diameter, m (ft) SSO capacity, kg (Ib)
Standard Fairing 2.1(6.9) 1.2 (3.9) 325 (717)
Stage designation Orion-50SXL Orion-50XL Orion-38 HAPS
Length, m (ft) 10.27 (33.7) 3.1 (10.2) 1.3 (4.3) 0.7 (2.3)
Diameter, m (ft) 1.3 (4.3) 1.3 (4.3) 1(3.3) 1(3.3)
Manufacturer ATK ATK ATK Orbital
Propellant Solid Solid Solid Hydrazine
Propellant mass, 15,014 3,925 770 73
kg (Ib) (33,105) (8,655) (1,697) (161)
Total thrust, 726 196 36 0.6
kN (Ibf) (163,247) (44,171) (8,062) (135)
e - - - |[TEEE
Engine manufacturer -- -- Orbital
Engine thrust, 726 196 36 0.2
kN (bf) (163,247) (44,171) (8,062) (45)
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ORS Office
Sandia National Labs

SUPER STRYPI

The Department of Defence’s Operationally Responsive
Space (ORS) Office, with support from Sandia National
Laboratories (SNL), Aerojet Rocketdyne, the University of
Hawaii, and NASA’s Ames Research Center, is developing
a small launch vehicle known as Super Strypi. The goal is to

Launch service provider
ORS Office
Sandia National Laboratory

Company headquarters

deliver payloads in the range of 300 kilograms (661 pounds) USA
to low Earth orbit (LEO). This vehicle may be available Manufacturer
commercially following test flights to provide launch services ORS Office

to the Government, both Civil and Department of Defense
(DoD), as well as commercial programs.

Sandia National Laboratory
Aerojet Rocketdyne

The three-stage all-solid vehicle is based on the 1960s-era
Strypi test missile. Aerojet Rocketdyne is developing the

three new solid rocket motors that support the Super Strypi Mass, kg (Ib)
launch system. The first stage is the LEO-46, second stage 28,240 (62,260)
is the LEO-7 and the third stage is the LEO-1. Length, m (ft)
The rail-launched Super Strypi, also called the Spaceborne 16.8 (55)
Payload Assist Rocket Kauai (SPARK), is scheduled to make Diameter, m (ft)
its inaugural flight in 2015 from the Pacific Missile Range 1.5 (5)

Facility (PMRF) at Barking Sands in Hawaii. The vehicle is
also compatible with other launch sites, such as, but not
limited to, Space Florida’s Cape Canaveral Spaceport,
Kodiak Launch Complex in Alaska, and NASA’s WFF.

Super Strypi

Year of first launch
2015

Launch site
PMRF (Pad 41)

LEO capacity, kg (Ib)
320 (705)
Length, m (ft) Diameter, m (ft) SSO capacity, kg (Ib)
Standard Fairing 1.5 (5) 1.5 (5) 275 (606)
Stage designation LEO-46 LEO-7 LEO-1
Length, 11.3 2.7 1.5
m (ft) (37) (9) ()
Diameter, 1.5 1.5 1.5
m (ft) (5) (5) (5)
Manufacturer Aerojet Rocketdyne Aerojet Rocketdyne Aerojet Rocketdyne
Propellant ANB-3745 solid ANB-3790 solid ANB-3790 solid
Propellant mass, 20,582 3,232 651
kg (Ib) (45,376) (7,125) (1,435)
Total thrust, 729.5
kN (Ibf) (164,000) TBD 8D
Engine thrust, 729.5
kN (Ibf) (164,000) 1122 TBD




Ariane 5 ECA

The Ariane 5, technically the Ariane 5 ECA, is the workhorse of
France-based Arianespace, a European launch consortium.
With directtechnical heritage tothe Ariane 4 series, the Ariane
5 consists of an Airbus liquid-fueled core stage powered
by the Snecma Vulcain 2 engine, two Europropulsion
strap-on solid boosters, a Snecma cryogenic upper stage
powered by an HM7B engine direct heritage from Ariane
4, an Airbus payload adapter that can accommodate
two satellites (called SYLDA), and a Ruag-built payload
fairing. The Ariane 5 ECA is optimized for launches of two
geosynchronous communications satellites.

Arianespace also provides the Ariane 5 ES version with
a storable propellant upper stage engine used to launch
the Automated Transfer Vehicle (ATV) to the International
Space Station (ISS) and very large satellites like Envisat.

Arianespace oversees the procurement, quality control,
launch operations, and marketing of the Ariane 5. A
new joint venture, called Airbus Safran Launchers and
established in late 2014, is the prime contractor for Ariane
5 manufacturing. The Ariane 5 has launched 77 times since
its introduction in 1996, with 63 consecutive successes
since 2008. The Ariane 5 ECA variant has flown 47 times.

In December 2014, the European Space Agency (ESA)
authorized development of the Ariane 6 vehicle as an
eventual replacement for the Ariane 5. The new vehicle will
be offered in two variants beginning in 2020.

Arianespace

Launch service provider
Arianespace

Company headquarters
France

Manufacturer
Airbus Safran Launchers

Mass, kg (Ib)
777,000 (1,712,992)

Length, m (ft)
46-52 (151-171)

Diameter, m (ft)
5.4 (17.7)

Year of first launch
2002 (ECA version)

Number of launches
47 (ECA version)

Reliability
98%

Launch site
Guiana Space Center (ELA-3)

GTO capacity, kg (Ib)
9,500 (20,944)

LEO capacity, kg (Ib)
21,000 (46,297)

Length, m (ft)

Diameter, m (ft)

‘ Standard Fairing |

SSO capacity, kg (Ib)

17 (55.8) 5.4 (17.7) 10,000 (22,046)
1<t Stage SRB* 2" Stage
Stage designation EPC EAP ESC-A
Length, m (ft) 30.5 (100.1) 31.6 (103.7) 4.7 (15.4)
Diameter, m (ft) 5.4 (17.7) 3.1(10.2) 5.4 (17.7)
Manufacturer Airbus Europropulsion Airbus
Propellant LOX/LH, Solid LOX/LH,
Propellant mass, 170,000 240,000 14,900
kg (Ib) (374,786) (529,109) (32,849)
Total thrust, 960 7,000 67
kN (Ibf) (215,817) (1,573,663) (15,062)
Engine(s) 1 x Vulcain 2 -- 1 x HM7B
Engine manufacturer Snecma - Snecma
Engine thrust, 960 7,000 67
kN (Ibf) (215,817) (1,573,663) (15,062)
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The Dnepr, introduced in 1999, is developed from surplus
Soviet R-36 (SS-18) intercontinental ballistic missiles
(ICBM). About 150 missiles were made available for
conversion into launch vehicles. The missiles, with
components built during the Soviet era, are refurbished
by PA Yuzhmash located in Ukraine. The three-stage,
liquid fueled vehicle is designed to address medium-
class payloads or clusters of small- and micro-class
satellites. It is marketed by the Russian-based company
ISC Kosmotras.

The Dnepr has launched 21 times, with one failure. The
Dneprislaunched fromPad 109 and Pad 95 at the Baikonur
Kosmodrome in Kazakhstan and the Dombarovsky missile
base in Western Russia.

Due to increasing political tensions between Russia
and Ukraine during 2014, and the resulting international

ISC Kosmotras

Launch service provider
ISC Kosmotras

Company headquarters
Russia

Manufacturer
PA Yuzhmash

Mass, kg (Ib)
260,546 (574,406)

Length, m (ft)
34.3 (112.5)

Diameter, m (ft)
3 (9.8)

Year of first launch

sanctions against Russia, PA Yushmash, a key supplier of 1999
m|SS|I§s and other. hardwarg to the Ru.s.3|an.m|lltary, has e
experienced considerable financial difficulties that may o1
impact its product line.
Reliability
97%

Launch sites
Baikonur (LC-109, LC-95)
Dombarovsky (LC-13)

Dnepr

LEO capacity, kg (Ib)

Diameter, m (ft) 3,700 (8,157)

Sandard Fairing 5.3 (17.4) 3(9.8) SSO capacity, kg (Ib)
Extended Fairing 6.1 (20) 3(9.8) 2,300 (5,071)
1st Stage 2 Stage 3 Stage
Stage designation 1t Stage 2 Stage 3 Stage
Length, m (ft) 22 (72.2) 6 (19.7) 1.5 (4.9)
Diameter, m (ft) 3(9.8) 3(9.8) 3(9.8)
Manufacturer PA Yuzhmash PA Yuzhmash PA Yuzhmash
Propellant N,O,/UDMH N,O,/UDMH N,O,/UDMH
Propellant mass, 147,900 36,740 1,910
kg (Ib) (326,064) (80,998) (4,211)
Total thrust, 4,520 755 18.6
kN (Ibf) (1,016,136) (169,731) (4,181)
Engine(s) 4 x RD-264 1 x RD-0255 1 x RD-869
Engine manufacturer OKB-456 OKB-154 OKB-586
(NPO Energomash) (KB Khimavtomatika) (Yuzhnoye)
Engine thrust, 1,130 755 18.6
kN (Ibf) (254,034) (169,731) (4,181)
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Epsilon

The Epsilon is a vehicle under development by the Japan
Aerospace Exploration Agency (JAXA), derived from the
Nissan-built M-V discontinued in 2006. The vehicle will be
used to send small payloads to low Earth orbits and polar
orbits. The first launch of Epsilon took place during 2013,
successfully placing a small payload into low Earth orbit
(LEO).

The Epsilon comes in both a Standard Configuration and
an Optional Configuration. The first stage of the Standard
Configuration Epsilon is a solid motor similar to those on
the H-IIA. An M-34c solid motor constitutes the second
stage, and a KM-2Vb represents the third stage. A payload
adapter and fairing complete the system. The Optional
Configuration features an additional compact Post Boost
Stage integrated with the third stage for Sun-synchronous
orbits (SSO).

The vehicle is launched from Uchinoura Space Center,
formerly called Kagoshima Space Center.

Japan Aerospace

Exploration Agency

Launch service provider
JAXA

Company headquarters
Japan

Manufacturer
HI

Mass, kg (Ib)
90,800 (200,180)

Length, m (ft)
24.4 (80.1)

Diameter, m (ft)
2.5(8.2)

Year of first launch
2013

Number of launches
1

Reliability
100%

Launch site
Uchinoura Space Center

LEO capacity, kg (Ib)
700 -1,200 (1,543-2,646)

Length, m (ft)

Diameter, m (ft)

‘ Standard Fairing \

SSO capacity, kg (Ib)

10 (32.8) 2.5(8.2) 450 (992)
1¢t Stage 2 Stage 3 Stage 4th Stage
Stage designation SRB-A3 M-34c KM-V2b Post Boost Stage
Length, m (ft) 15 (49.2) 5(16.4) 3(9.8) 0.5 (1.6)
Diameter, m (ft) 2.5(8.2) 2.5(8.2) 2.5(8.2) 2 (6.6)
Manufacturer Nissan Nissan Nissan Nissan
Propellant Solid Solid Solid Hydrazine
Propellant mass, 66,000 10,800 2,500 100
kg (Ib) (145,505) (23,800) (5,512) (220)
Total thrust, 1,580 377.2 81.3 <1
kN (Ibf) (355,198) (84,798) (18,277) (225)
Engine(s) -- -- -- 3 units
Engine manufacturer - - - Nissan
Engine thrust, 1,580 377.2 81.3 <0.33
kN (Ibf) (355,198) (84,798) (18,277) (74)
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The Geosynchronous Satellite Launch Vehicle (GSLV)
project began in 1990 with the objective of achieving
an Indian indigenous satellite launch capability to
geosynchronous orbit (GEO).

GSLV uses major components that are already proven in
the PSLV vehicles in the form of the S125/5139 solid booster
and the liquid-fueled Vikas engine.

The current variant, GSLV Mk.Il was introduced in 2010
and uses an indigenous cryogenic engine, the CE-7.5 in
the third stage instead of the Russian cryogenic engine
used by the vehicle’s older version, GSLV Mk. |. The 49.1
meter (161 ft) tall GSLV, with a lift-off mass of 414.8 metric
tons, is a three-stage vehicle that employs solid, liquid and
cryogenic propulsion technologies. The payload fairing is
7.8 meter (26 ft) long and 3.4 meters (11.2 ft) in diameter.
The GSLV can place approximately 5,000 kg (11,023 Ib)
into low earth orbit (LEO). GSLV can place 2,500 kg (5,516
Ib) into geosynchronous transfer orbit (GTO).

In 2014, India successfully performed a suborbital test of
its LVM3 launch vehicle (formerly known as GSLV Mk IlI).

Diameter, m (ft)

Length, m (ft)
Standard Fairing

Antrix

Launch service provider
Antrix

Company headquarters
India

Manufacturer
ISRO

Mass, kg (Ib)
414,750 (914,637)

Length, m (ft)
49.13 (161.2

Diameter, m (ft)
2.8(9.2)

Year of first launch
2001

Number of launches (A/B)
8

Reliability (A/B)
63%

Launch site
Satish Dhawan

GTO capacity, kg (Ib)
2,500 (5,516)

LEO capacity, kg (Ib)

3.4 (11.2) 5,000 (11,023)
Liquid Boosters 1¢t Stage 2 Stage 3 Stage
Stage designation Strap-on Motors GS1 GS2 CuUs
Length, m (ft) 19.7 (64.6) 20.3 (66.7) 11.6 (38) 8.7 (28.6)
Diameter, m (ft) 2.1 (6.8) 2.8 (9.1) 2.8 (9.1) 2.8 (9.1)
Manufacturer ISRO ISRO ISRO ISRO
Propellant N,O,/UDMH Solid N,O,/UDMH LOX/H,
Propellant mass, 40,000 129,000 37,500 12,400
kg (Ib) (88,200) (284,400) (82,600) (27,300)
Total thrust, 680 4,700 800 75
kN (Ibf) (152,870) (1,056,602) (179,847) (16,861)
Engine(s) L40H Vikas 2 S139 Vikas CE-7.5
Engine manufacturer ISRO ISRO ISRO ISRO
Engine thrust, 170 4,700 800 75
kN (Ibf) (38,218) (1,056,602) (179,847) (16,861)
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H-I IA/B MHI Launch Services

The two-stage H-IIA and H-IIB, designed and built by Launch service provider
Mitsubishi Heavy Industries (MHI), are Japan’s primary MHI Launch Services
launch vehicles.

Company headquarters
The H-IIA vehicle features a cryogenic core stage powered Japan
by a single LE-7A engine, two large liquid rocket boosters, Manufacturer
an upper stage, a payload adapter, and a payload fairing. Mitsubishi Heavy Industries
The vehicle may also employ a combination of solid boosters
to supplement thrust. The H-IIA 202 uses two solid rocket Mass, kg (Ib)
boosters, and the H-1I1A 204 uses four solid rocket boosters. 289,000-530,000
The H-1IB features a large first stage powered by two LE-7A (637,136-1,168,450)

engines and supplemented by four liquid rocket boosters

and a second stage powered by an LE-5B engine. Length, m (ft)

53-57 (173.9-187)

There are currently two versions of the H-II1A and one version Diameter, m (ft)
of the H-1IB available. The H-IIA (with two or four solid 4 (13.1)
boosters) is used to launch a variety of satellites to low Earth

orbit, geosynchronous transfer orbits, and beyond. The Year of first launch
H-11B (with four upgraded solid boosters) is currently used 2001

to launch the H-II Transfer Vehicle (HTV) to the International

Space Station (ISS), and has recently been offered as an AL DL L)

: : . 30
option for commercial satellite customers. —
Reliability (A/B)
The H-II vehicle family can trace its lineage through the H-l, 98%
the N-1, and ultimately the U.S. Thor intermediate range Launch site

ballistic missile. Tanegashima

In 2014, the Japan Aerospace Exploration Agency (JAXA)
requested the MHI begin development of the H-Ill, a
replacement for the H-11A/B expected by 2020.

GTO capacity, kg (Ib)
4,000-6,000 (8,818-13,228)

LEO capacity, kg (Ib)

10,000-16,500 (22,046-36,376)
Length, m (ft) Diameter, m (ft) SSO capacity, kg (Ib)
Standard Fairing 12 (39.4) 4.07 (13.4) 3,600-4,400 (7,937-9,700)

Solid Booster Solid Booster

1st Stage (H-IA)* (H-IB)* 2 Stage
Stage designation 1t Stage SRB-A SRB-A3 2" Stage
Length, m (ft) 37 (121.4) 15 (49.2) 15.1 (49.5) 11 (36.1)
Diameter, m (ft) 4 (13.1) 2.5(8.2) 2.5(8.2) 4 (13.1)
Manufacturer Mitsubishi Nissan Nissan Mitsubishi
Propellant LOX/LH, Solid Solid LOX/LH,
Propellant mass, 101,000 60,500 66,000 17,000
kg (Ib) (222,667) (133,380) (145,505) (37,479)
Total thrust, 1,098 2,260 1,580 137
kN (Ibf) (246,840) (508,068) (355,198) (30,799)
Engine(s) LE-7A — — LE-5B
Engine manufacturer Mitsubishi -- -- Mitsubishi
Engine thrust, 1,098 2,260 1,580 137
kN (Ibf) (246,840) (508,068) (355,198) (30,799)

*Figures are for each booster.



LONG MARCH 2

®

The Long March 2, which comes in two versions, is a
small-class vehicle designed to address missions to low

The Long March 2D, used mainly for Sun-synchronous
orbits (SSO) missions, consists of two stages and is only
launched from Jiuguan Satellite Launch Center (JSLC).
The Long March 2C features a solid motor upper stage and
is launched from JSLC, Taiyuan Satellite Launch Center
(TSLC) and Xichang Satellite Launch Center (XSLC).

China Great Wall

Industry Corporation

Launch service provider

Earth orbit. The vehicle is built by the Shanghai Academy e
i of Spaceflight Technology (SAST) and marketed by Company headquarters
i China Great Wall Industry Corporation (CGWIC). Both China
! organizations are subsidiaries of the China Aerospace Manufacturer
Science and Technology Corporation (CASC). SAST

Mass, kg (Ib)
233,000 (513,677)

Length, m (ft)
41-42 (134.5-137.8)

Diameter, m (ft)

3.4 (11.2)

Year of first launch
LM-2C: 1975, LM-2D: 1992

Number of launches
Long LM-2C: 38, LM-2D: 15
March 2C Reliability
LM-2C: 100%, LM-2D: 100%
Launch sites
JSLC, TSLC, XSLC

= o L

GTO capacity, kg (Ib)
1,250 (2,756)
LEO capacity, kg (Ib)
3,850 (8,488)
SSO capacity, kg (Ib)
1,300-1,900 (2,866-4,189)

Length, m (ft)
7 (22.9)

Diameter, m (ft)

3.4 (11.2)

= |
7|
Standard Fairing

®

p 1¢t Stage 1st Stage 2" Stage 2" Stage 3 Stage
(LM-2C) (LM-2D) (LM-2C) (LM-2D) (LM-2C)
; Stage designation 1t Stage 1st Stage 2 Stage 2 Stage 2804
g Length, m (ft) 25.7 (84.3) 27.9 (91.5) 7.8 (25.6) 10.9 (35.8) 1.5 (4.9)
Diameter, m (ft) 3.4 (11.2) 3.4 (11.2) 3.4 (11.2) 3.4 (11.2) 2.7 (8.9)
! Manufacturer SAST SAST SAST SAST SAST
IZ Propellant | N,O,/UDMH N,O,/UDMH N,O,/UDMH N,O,/UDMH Solid
2 Propellant mass, 162,706 182,000 54,667 52,700 125
x kg (Ib) (358,705) (401,241) (120,520) (116,184) (275.6)
L@ Total thrust, 2,961.6 2,961.6 741.3 742 10.8
kN (Ibf) (665,794) (665,794) (166,651) (166,808) (2,428)
Long Engine(s) 4 x YF-21C 4 x YF-21C 1 x YF-24E 1 x YF-24C
March 2D Engine manufacturer CALT CALT CALT CALT
Engine thrust, 740.4 740.4 741.3 742 10.8
kN (Ibf) (166,449) (166,449) (166,651) (166,808) (2,428)
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China Great Wall
Industry Corporation

LoNG MARCH

A China Great Wall Indust.ry Corppration (CGWIC) markets Launch service provider
the Long March 3A vehicle family for customers seeking
| : mers see! CGWIC
launches of satellites to geosynchronous orbit. It is derived
5 from the discontinued Long March 3, and is the basis for the Company headquarters
Long March 3B, enhanced 3BE, and C versions. The Long China
B March 3B features four liquid boosters and the 3C features Manufacturer
- two. All variants are launched from Xichang Satellite Launch CALT
ﬁﬁ Center (XSLC).
There are four versions of the three-stage Long March 3A. Mass, kg (Ib)

The Long March 3A consists of a core stage powered by
four YF-21C engines, a second stage powered by a YF-24E
engine, and a third stage powered by a YF-75 engine. The
vehicle is topped with a payload adapter and fairing. The

242,000-456,000
(633,519-1,005,308)

Length, m (ft)

APEIE | 5ng March 3B and Long March 3BE have the same core 52.5-57 (172-187)
Long Long stage powered by four YF-21C engines, the same second Diameter, m (ft)
March March stage powered by a YF-24E engine, and the same third 3.4 (11)
3A 3B stage powered by a YF-75 engine. The difference between

the two is the type of liquid rocket boosters they use. The
Long March 3C is the same as the Long March 3B, but with
two liquid rocket boosters instead of four. A selection of four
payload fairings is offered for all variants.

Year of first launch
LM-3A: 1994, LM-3B: 1996,
LM-3C: 2008

Number of launches
LM-3A: 23, LM-3B/E: 26,
LM-3C: 11

Reliability

Development and manufacturing of the Long March 3A
vehicles are shared between the China Academy of Launch
Vehicles (CALT) and SAST. The Long March 3A can trace its
lineage to the DF-5 intercontinental ballistic missile (ICBM)

=8

o
N
"
o
a

’ first deployed in 1981. LM-3A: 100%, LM-3B: 92%,
@ LM-3C: 100%
E g Length, m (ft) Diameter, m (ft) Launch site
I Fairing Option A 8.9 (29) 3.4 (11) XSLC
Fairing Option B 8.9 (29) 3.7 (12)
— Fairing Option C 8.9 (29) 4 (13) GTO capacity, kg (Ib)
Fairing Option D 8.9 (29) 4.2 (13.8) 2,600-5,500 (5,732-12,125)
Long
March 3C - ” —— —— ¢ Stane P P
Stage designation 1t Stage 1¢t Stage Booster Booster 2n Stage 2 Stage 3 Stage
Length, m (ft) | 23.3(76.4) | 24.8(81.4) | 15.3(50.2) | 16.1(52.8) | 11.3(37.1) | 12.9 (42.3) | 12.4 (40.7)
Diameter, m (ft) [ 3.4 (11.2) 3.4 (11.2) 2.3 (7.5) 2.3 (7.5) 3.4 (11.2) 3.4 (11.2) 3(9.8)
Manufacturer CALT CALT CALT CALT CALT CALT CALT
Propellant | N,O,/JUDMH | N,O,/UDMH | N,O,/UDMH |N,O/UDMH | N,O,/JUDMH | N,O,/UDMH | LOX/LH,
Propellant mass, 171,800 186,200 37,700 41,100 32,600 49,400 18,200
kg (Ib) | (378,754) (410,501) (83,114) (90,610) (71,871) (108,908) (40,124)
Total thrust, 2,961.6 2,961.6 740.4 740.4 742 742 167.2
kN (Ibf) | (665,794) (665,794) (166,449) (166,449) | (166,808) (166,808) (37,588)
Engine(s) | 4xYF-21C | 4xYF-21C 1 x YF-25 1xYF-25 | 1xYF-24E | 1 xYF-24E | 1xYF-75
Engine manufacturer CALT CALT CALT CALT CALT CALT CALT
Engine thrust, 740.4 740.4 740.4 740.4 742 742 167.2
kN (Ibf) | (166,449) (166,449) (166,449) (166,449) | (166,808) (166,808) (37,588)

<40 .
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PSLV-CA

PSLV-XL

The Indian Space Research Organization (ISRO) has offered
the Polar Satellite Launch Vehicle (PSLV) since 1993. The
vehicle is used to launch small and medium payloads to
low Earth orbit and, on occasion, to send small satellites
to geosynchronous orbit. For missions to LEO, it is not
uncommon for the PSLV to launch several satellites at a time.

The PSLV is available in three variants. The basic version is
known as the PSLV-CA, for “Core Alone.” The PSLV-G, or
standard PSLYV, is teh more common variant and features six
solid strap-on motors attached to the first stage core. The
PSLV-XL is similar to the standard PSLV, but the six solid
boosters are longer to accomodate greater propellant mass
and thus increasing buring time.

The PSLV has been used for four commercial launches. The
latest was a 2014 launch that carried payloads for France
(SPOT 7), Canada (Can-X4 and X5), Germany (AISAT), and
Singapore (VELOX-1). SPOT 7 was sold to the government of
Azerbaijan several moths later.

Length, m (ft) Diameter, m (ft)

‘ PSLV Fairing \

Antrix

Launch service provider
ISRO

Company headquarters
India

Manufacturer
ISRO

Mass, kg (Ib)
320,000 (705,479)

Length, m (ft)
44 (144)

Diameter, m (ft)
2.8 (9.2)

Year of first launch
1993

Number of launches
28

Reliability
96%

Launch sites
Satish Dhawan Space Center

GTO capacity, kg (Ib)
1,425 (3,142)

LEO capacity, kg (Ib)
3,250 (7,165)

SSO0 capacity, kg (Ib)

8.3 (27.2) 3.2 (10.5) 1,750 (3,850)
Solid Boosters 1st Stage 2 Stage 3 Stage 4 Stage
Stage designation PSOM PS1 PS2 PS3 PS4
ongnmey| S 0628 [ e [ me g |
Diameter, m (ft) 1(3.3) 2.8(9.2) 2.8(9.2) 2.02 (6.6) 2.02 (6.6)
Manufacturer ISRO ISRO ISRO ISRO ISRO
Propellant Solid Solid N,O,/UDMH Solid Solid
Propellant mass, | G: 9,000 (19,842) 138,000 40,700 6,700 2,000
kg (Ib) | XL: 12,000 (26,455) |  (304,238) (89,728) (14,771) (4,409)
Total thrust, 4,314 4,800 799 240 14.6
kN (Ibf) (969,828) (1,079,082) (179,622) (53,954) (3,282)
Engine(s) -- -- 1 x Vikas -- 2x PS-4
Engine manufacturer - - ISRO - ISRO
Engine thrust, 719 4,800 799 240 7.3
kN (Ibf) (161,638) (1,079,082) (179,622) (53,954) (1,641)
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Proton M m Length, m (ft)

PROTON M

The Proton M is provided by International Launch Services
(ILS) as a launch option for government and commercial
operators of satellites in geosynchronous orbit. It is typically
not used for missions to low Earth orbit (LEO).

The Proton M is built by the Khrunichev State Research and
Production Space Center. The vehicle traces its lineage
to the UR500 system developed by Vladimir Chelomei’s
OKB-52 design bureau in 1965. The Proton was originally
intended to send cosmonauts to the Moon until Soviet
leadership selected Sergei Korolov’'s N-1 vehicle instead.
The Proton launched the Soviet Union’s Almaz (Salyut) and
Mir space stations, and two modules of the International
Space Station (ISS).

Until December 2012, the Russian government used an
earlier version of the Proton, often called the Proton K. It
now uses the Proton M with either versions of the Block
DM or the Breeze-M as the fourth stage or as a three-stage
vehicle for LEO missions.

When introduced in 2001, the Proton M maintained
a flawless record of 13 launches before a failure was
encountered in 2006. Since then, there has been a Proton
M failure each year except in 2009. The 2014 failure in May
resulted in the loss of the Express AM4R satellite.

The Khrunichev-designed and built Angara series of
vehicles is expected to gradually replace the Proton M
beginning in 2015.

Diameter, m (ft)

International Launch
Services

Launch service provider
International Launch Services

Company headquarters
USA

Manufacturer
Khrunichev

Mass, kg (Ib)
712,800 (1,571,400)
Length, m (ft)
53 (173)
Diameter, m (ft)
7.4 (24)

Year of first launch
2001

Number of launches
86
Reliability
91%
Launch sites
Baikonur (LC-8 and LC-200)

GTO capacity, kg (Ib)
6,920 (15,256)

PLF-BR-13305 Fairing 13.3 (43.6) 4.4 (14.4) LEO capacity, kg (Ib)
PLF-BR-15255 Fairing 15.3 (50.2) 4.4 (14.4) 23,000 (50,706)
1¢t Stage 2 Stage 3 Stage 4t Stage
Stage designation 1%t Stage 2" Stage 3 Stage Breeze-M
Length, m (ft) 21.2 (69.6) 17.1 (56.1) 4.1 (13.5) 2.7 (8.9)
Diameter, m (ft) 7.4 (24.3) 4.1 (13.5) 4.1 (13.5) 4 (13)
Manufacturer Khrunichev Khrunichev Khrunichev Khrunichev
Propellant N,O,/UDMH N,O,/UDMH N,O,/UDMH N,O,/UDMH
Propellant mass, 428,300 157,300 46,562 19,800
kg (Ib) (944,239) (346,787) (102,651) (43,651)
Total thrust, 10,000 2,400 583 19.2
kN (Ibf) (2,248,089) (539,541) (131,063) (4,411)
Engine(s) 6 x RD-276 3 x RD-0210 1 x RD-0123 1 x 14D30
Engine manufacturer | NPO Energomash | KB Khimavtomatika | KB Khimavtomatika DB Khimmash
Engine thrust, 1,667 800 583 19.6
kN (Ibf) (374,682) (179,847) (131,063) (4,411)
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ROCKOT

Rockot

The three-stage Rockot is developed using refurbished
missile components. The missile used as the basis for
the commercially available vehicle is the UR100N (SS-
19) intercontinental ballistic missile (ICBM) built by
Soviet-era OKB-52. Production and launch of the Rockot
is managed by Eurockot Launch Services GmbH, a joint
company between Russia’s Khrunichev State Research
and Production Space Center and EADS Astrium.

The Rockot consists of three stages. The first two stages
are composed of SS-19 booster segments. The first stage
is powered by an RD-244 engine and the second by an
RD-235 engine. The third stage is a newly manufactured
Khrunichev Breeze-KM upper stage. A payload adapter
and fairing complete the vehicle system.

Since 1990, the vehicle has launched 24 times, with 2
failures. The first three launches were with the initial version,
the Rockot-K. In May 2000, the vehicle was upgraded to
accommodate a larger payload, it became the Rockot-KM,
which has launched 21 times with 2 failures. The Rockot-
KM launches from Plesetsk Kosmodrome in Russia.

The Rockot is predominantly used for scientific Earth
observation and climate research missions in LEO. Eleven
flights have been performed by Eurockot Launch Services
for international customers. Rockot-KM currently has a
backlog of commercial customers until 2015 and Russian
government flights to the end of the decade.

‘ Standard Fairing \

Length, m (ft) Diameter, m (ft)

Eurockot

Launch service provider
Eurockot

Company headquarters
Germany

Manufacturer
Khrunichev

Mass, kg (Ib)
107,000 (235,895)

Length, m (ft)
29.2 (95.8)

Diameter, m (ft)
2.5(8.2)

Year of first launch
2000

Number of launches
22

Reliability
91%

Launch site
Plesetsk (LC-133)

LEO capacity, kg (Ib)
1,820-2,150 (4,012-4,740)

SSO capacity, kg (Ib)

2.6 (8.5) 2.5(8.2) 1,180-1,600 (2,601-3,527)
1¢t Stage 2 Stage 3 Stage
Stage designation 1t Stage 2n Stage Breeze-KM
Length, m (ft) 17.2 (56.4) 3.9 (12.8) 2.5(8.2)
Diameter, m (ft) 2.5(8.2) 2.5(8.2) 2.5(8.2)
OKB-52 OKB-52 .
Manufacturer (Khrunichev) (Khrunichev) Khrunichev
Propellant N,O,/UDMH N,O,/UDMH N,O,/UDMH
Propellant mass, 71,455 10,710 4,975
kg (Ib) (157,531) (23,612) (10,968)
Total thrust, 1,870 240 19.6
kN (Ibf) (420,393) (53,954) (4,406)
. 3 x RD-0233
Engine(s) 1 x RD-0234 1 x RD-235 1 x S5.98M
Engine manufacturer OKB-154 OKB-154 Khrunichev
9 (KB Khimavtomatika) (KB Khimavtomatika)
Engine thrust, 520 240 19.6
kN (Ibf) (116,901) (53,954) (4,406)
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Sovuz 2.1AB

Soyuz 2

The Soyuz 2 (also referred to as Soyuz ST) is used to launch
satellites to virtually any orbit from three different launch
sites. It can trace its lineage to the R-7 intercontinental
ballistic missile designed by Sergei Korolov and his OKB-
1 design bureau in the mid-1950s.

The Soyuz received its current name when it was selected
to launch crewed Soyuz spacecraft in 1966. Since that
year, the R-7-derived vehicles have launched almost
1,800 times. There have been several versions of the
Soyuz, culminating with the Soyuz 2 currently providing
commercial service. The older Soyuz FG version continues
to launch Progress and Soyuz missions to the ISS. The
Soyuz 2 is operated by Arianespace at the Guiana Space
Center. Arianespace’s sister company, Starsem, manages
Soyuz launches from Baikonur.

The Soyuz 2 is manufactured by TsSKB-Progress at the
Samara Space Center and NPO Lavotchkin (the upper
stage). The vehicle consists of a core stage powered by
an RD-108A, four liquid strap-on boosters powered by RD-
107A engines, a second stage powered by an RD-0124
engine, and a Lavotchkin Fregat upper stage powered by an
S55.92 engine. A payload adapter and standard 4-meter (13-
foot) diameter fairing complete the vehicle system. TsSKB-
Progress can produce about 20 Soyuz vehicles per year.

The Soyuz 2 variant has flown 38 times, with three failures.
The 2014 failure, due to a fault in the Fregat upper stage,
resulted in the loss of two Galileo navigation satellites.

‘ Standard Fairing \

Length, m (ft) Diameter, m (ft)

Arianespace
Starsem

Launch service provider
Roscosmos
Arianespace/Starsem

Company headquarters
Arianespace: France
Starsem: France

Manufacturer
TsSKB Progress

Mass, kg (Ib)
334,668 (737,817)

Length, m (ft)
46.2 (151.6)

Diameter, m (ft)
10.3 (33.8)

Year of first launch
2004

Number of launches
38

Reliability
92%

Launch sites
Baikonur (LC-31 or LC-6)
Guiana Space Center (ELS)

Plestesk (LC-43)

GTO capacity, kg (Ib)
3,250 (7,165)

LEO capacity, kg (Ib)
4,850 (10,692)

SSO capacity, kg (Ib)

11.4 (37.4) 4.1 (13.5) 4,400 (9,700)
4 x Liquid
st nd rd
1st Stage Boosters 2 Stage 3 Stage
Stage designation Core Stage 1%t Stage 3 Stage Fregat
Length, m (ft) 27.1 (88.9) 19.6 (64.3) 6.7 (22) 1.5 (4.9)
Diameter, m (ft) 3(9.8) 2.7 (8.9) 2.7 (8.9) 3.4 (11.2)
Manufacturer | TsSKB-Progress TsSKB-Progress TsSKB-Progress NPO Lavotchkin
Propellant LOX/Kerosene LOX/Kerosene LOX/Kerosene N,O,/UDMH
Propellant mass, kg (Ib) [ 90,100 (198,636) 39,160 (86,333) 25,400 (55,997) 6,638 (14,634)
Total thrust, kN (Ibf) 838.5 (188,502) 792.5 (178,161) 297.9 (66,971) 19.9 (4,474)
- 2.1a: 1 x RD-0110
Engine(s) 1 x RD-108A 1 x RD-107A 5 1b: 1 x RD-0124 1 x S5.92
Engine manufacturer | AO Motorostroitel AO Motorostroitel Voronyezh NPO Lavotchkin
Engine thrust, 2.1a: 297.9 (66,971)
kN (Ibf) 838.5 (188,502) 792.5 (178,161) 2.1b: 297.9 (66.971) 19.9 (4,474)
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Sovuz 2.1v

Soyuz 2.1v

The Soyuz 2.1v is similar to the Soyuz, but without the
liquid strap-on boosters.

The first stage diamter is 2.7 m, compared to 2 m of a
Soyuz. Itis powered by a single engine, a modified version
of the NK-33 once designated for use on the N-1 lunar
rocket from the 1970s. In the long-term, the first stage
will be powered by the RD-191 manufactured by NPO
Enrgomash. The second stage is the same as that used
for the Soyuz 2.1a/b.

AVolga upper stage may be employed for certain missions,
such as insertion in orbits as high as 1,500 km (932 mi) in
altitude.

The vehicle was originally conceived as a replacement
for the small-class Rockot. It is expected to be available
for launch from Russia’s newest launch site, Vostochny,
sometime after 2018.

Diameter, m (ft)

Length, m (ft)
Standard Fairing 7.7 (25.3)

Roscosmos

Launch service provider
Roscosmos

Company headquarters
Russia

Manufacturer
TsSKB Progress

Mass, kg (Ib)
157,000 (346,126)

Length, m (ft)
44 (144)

Diameter, m (ft)
2.95 (9.7)

Year of first launch
2013

Number of launches
1

Reliability
100%

Launch sites
Baikonur (LC-31 or LC-6)
Plesetsk (LC-43)

LEO capacity, kg (Ib)
3,000 (6,614)

SSO0 capacity, kg (Ib)

3.7 (12.1) 1,400 (3,086)
1st Stage 2 Stage 3 Stage
Stage designation 1t Stage 2 Stage Volga
Length, m (ft) 27.8 (91.2) 6.7 (22) 1.03 (3.4)
Diameter, m (ft) 2.95(9.7) 2.7 (8.9) 3.1 (10.2)
Manufacturer TsSKB Progress TsSKB Progress TsSKB Progress
Propellant LOX/Kerosene LOX/Kerosene UDMH
Propellant mass, 119,700 25,400 900
kg (Ib) (263,893) (55,997) (1,984)
Total thrust, 1,510 297.9 2.94
kN (Ibf) (339,462) (66,971) (661)
Engine(s) 1 x 14D15 (NK-33) 1 x RD-0124 1 x main engine
Engine manufacturer NK Engines Company Voronyezh TsSKB Progress
Engine thrust, 1,510 297.9 2.94
kN (Ibf) (339,462) (66,971) (661)
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Vega

The Vega launch vehicle, named after the second
brightest star in the northern hemisphere, is operated by
Arianespace and targets payloads to polar and low Earth
orbits used by scientific and Earth observation satellites.

Development of the Vega began in 2003 led by the
European Space Agency with contributions from the Italian
space agency, the French space agency, and ltaly-based
Avio.

The Vega consists of four stages: a first stage P80 solid
motor, a second stage Zefiro-23 solid motor, a third stage
Zefiro-9 solid motor, and a liquid-fueled fourth stage called
the Attitude and Vernier Upper Module (AVUM). The
AVUM, powered by the RD-869, is produced by Yuzhnoye
in the Ukraine. The payload adapter is affixed to the fourth
stage and covered in a fairing during launch.

In December 2014, the European Space Agency agreed
to pursue a replacement for the first stage called P120. The
P120 will also serve as a strap-on booster for the Ariane 6
vehicle expected to be introduced in 2020.

Diameter, m (ft)

Length, m (ft)
Standard Fairing 7.9 (25.9)

Arianespace

Launch service provider
Arianespace

Company headquarters
France

Manufacturer
ELV S.p.A.

Mass, kg (Ib)
133,770 (294,912)

Length, m (ft)
29.9 (98.1)

Diameter, m (ft)
3(9.8)

Year of first launch
2012

Number of launches
3

Reliability
100%

Launch site
Guiana Space Center (ZLV)

LEO capacity, kg (Ib)
1,000-2,300 (2,205-5,071)

SSO0 capacity, kg (Ib)

2.6 (8.5) 1,100-1,740 (2,425-3,836)
1<t Stage 2" Stage 3 Stage 4™ Stage
Stage designation P8OFW Zefiro 23 Zefiro 9 AVUM
Length, m (ft) 11.2 (36.7) 8.4 (27.6) 4.1 (13.5) 2 (6.6)
Diameter, m (ft) 3(9.8) 1.9 (6.2) 1.9 (6.2) 2.2(7.2)
Manufacturer Europropulsion Avio Avio Avio
Propellant Solid Solid Solid N,O, (UDMH)
Propellant mass, 88,365 23,906 10,115 367
kg (Ib) (194,811) (52,704) (22,300) (809)
Total thrust, 2,261 1,196 225 25
kN (Ibf) (508,293) (268,871) (50,582) (562)
Engine(s) -- -- -- 1 x RD-869
Engine manufacturer -- -- -- Yuzhnoye
Engine thrust, 2,261 1,196 225 2.5
kN (Ibf) (508,293) (268,871) (50,582) (562)
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ZENIT 3SL

SeaA LAUNCH E —

Zenit 3SL

LAND LAUNCH [ zr-sss

Zenit 3SLB

The Zenit 3SL can be traced to the 1980s when the Soviet
government pursued a system that could be used as
both a booster for the Energia launch vehicle and as a
stand-alone vehicle. The first-generation Zenit 2 was
introduced in 1985 and has been launched 37 times. The
Zenit 3SL represents a second generation vehicle. It is
provided by Sea Launch, a conglomerate entity with four
major component providers: RSC Energia, PA Yuzhmash/
Yuzhnoye, Aker Solutions, and Boeing.

The Zenit 3SL is a three-stage vehicle. Yuzhnoye provides
both the first and second stages, which are powered by
the RD-171M and the RD-120 engines, respectively. A
specially modified Block-DM third stage is supplied by
S.P. Korolev Rocket and Space Corporation Energia (RKK
Energia). Boeing provides the payload fairing.

The Zenit 3SLB is a modernized version of the earlier
generation of the two-stage Zenit featuring a Block-DM
third stage, but marketed by Land Launch, a subsidiary of
Sea Launch. Land Launch also includes the Zenit 2SLB,
which is essentially the same as the Zenit 3SLB but without
a third stage.

Due to increasing political tensions between Russia
and Ukraine during 2014, and the resulting international
sanctions against Russia, PA Yushmash, a key supplier of
missiles and other hardware to the Russian military, has
experienced considerable financial difficulties that may
impact its product line.

‘ Standard Fairing \

Length, m (ft) Diameter, m (ft)

Sea Launch AG

Launch service provider
Sea Launch AG

Company headquarters
Switzerland

Manufacturer
PA Yuzhmash

Mass, kg (Ib)
470,000 (1,036,173)

Length, m (ft)
59 (193.6)

Diameter, m (ft)
3.9 (12.8)

Year of first launch
1999

Number of launches
3SL: 36
3SLB: 6

Reliability
3SL: 93%
3SLB: 100%

Launch site
3SL: Pacific Ocean/Odyssey
3SLB: Baikonur (LC-45/1)

GTO capacity, kg (Ib)
3SL: 6,160 (13,580)

11.39 (37.4) 3.9 (12.8) 3SLB: 3,750 (8,267)
1<t Stage 2d Stage 3 Stage
Stage designation 1%t Stage 2 Stage Block DM-SL
Length, m (ft) 32.9 (108) 10.4 (34) 4.9 (16.1)
Diameter, m (ft) 3.9 (12.8) 3.9 (12.8) 3.7 (12.1)
Manufacturer Yuzhnoye Yuzhnoye RSC Energia
Propellant LOX/Kerosene LOX/Kerosene LOX/Kerosene
Propellant mass, 322,280 81,740 15,850
kg (Ib) (710,505) (180,205) (34,943)
Total thrust, 7,256 79.5
kN (Ibf) (1,631,421) (223,026) (17,864)
Engine(s) 1x RD-171M 1 1")35;_20 1 x 11D58M
Engine manufacturer NPO Energomash NPO Energomash RSC Energia
Engine thrust, 7,117 RD-120: 912 (205,026) 79.5
kN (Ibf) (1,631,421) RD-8: 80 (18,000) (17,864)
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Federal Aviation Administration’s Office of Commercial Space Transportation

OTHER U.S. VEHICLES IN DEVELOPMENT WITH ORBITAL
DEPLOYMENT CAPABILITY

Vehicle

Manufacturer

Anticipated
Introduction

Description

DARPA and

Year

DARPA is leading the effort to develop a small, air-launched vehicle

ALASA Boeing 2015 capable of sending 45 kg (99 Ib) to LEO for $1M.
Alpha Firefly Space TBD Firefly Space Systems is developing a small, ground-launched vehicle
Systems capable of sending 400 kg (882 Ib) to LEO for $9M.
Lockheed Martin is reintroducing the Athena to address small- to
medium-class payloads. The vehicle uses solid propellant stages,
Athena Locthed 2014 offered in three versions depending on customer needs. Initial flights of
Martin . -
the vehicle are expected to launch from a new facility currently under
construction at Kodiak Launch Complex.
Rocket Labs Rocket Labs is headquartered in New Zealand, but has a subsidiary in
Electron USA 2015 the U.S. It aims to develop a small vehicle capable of sending a 100 kg
(220 Ib) payload to LEO for $4.9M.
Generation Orbit is developing an air-launch capability using a
Generation conventional high-performance jet aircraft that carries either a GO1
GOLauncher Orbit 2016 rocket stage for suborbital missions or a GO2 rocket stage capable of
sending 45 kg (44-66 Ib) into LEO for about $1.75M.
Virgin Galactic will offer LauncherOne, a small-class orbital launch
. vehicle. It will use the WhiteKnightTwo carrier aircraft as the first stage.
The Spaceship L .
LauncherOne Company 2016 The payload capacity will be 225 kg (500 Ib) for a price of about $10M.
SkyBox Imaging and GeoOptics have already signed contracts with
Virgin Galactic for the launch of their satellites.
XCOR will launch microsatellites using an upper stage rocket carried in
XCOR a dorsal pod on the Lynx Mark IIl SRV. Maximum payload capacity will
Lynx Mark Il Aerospace 2015-2016 | be 15 kg (33 Ib) with a launch price around $550K. The Lynx Mark Il|
will roll out after successful test flights of the prototype Lynx Mark | and
operational experience with Lynx Mark II.
Nanosat Garvey Garvey Spacecraft is developing a small orbital launch vehicle based on
. TBD ; . :
Launch Vehcile | Spacecraft earlier successes with suborbital rockets.
Mojave-based I0S is developing a line of NEPTUNE vehicles to send
NEPTUNE Interorbital TBD micro- ar.wd small-class satellites intg orbit. IQS has pe.rformed engine
Systems (10S) tests during the past few years and is planning operational launches
from Tonga.
Stratolaunch is an orbital launch services venture involving Scaled
Composites, Orbital Sciences Corp., and Dynetics. The carrier aircraft
Stratolaunch is composed of a large twin-fuselage design. Development cost for the
Thunderbolt o 2017 launch system is estimated to be about $300 million, with manufacturing
conducted at Mojave Air and Space Port in California. A test flight is
expected to launch from NASA's Kennedy Space Center Shuttle Launch
Facility.
DARPA is working with three teams to develop a vehicle capable of
XS-1 DARPA 2018 sending a 1,800 kg (4,000 Ib) to LEO. The teams are Boeing with Blue

Origin, Masten Space Systems with XCOR Aerospace, and Northrop
Grumman with Virgin Galactic.

Table 3. Other U.S. Vehicles in Development with Orbital Deployment Capability




Orbital Launch Vehicles

OTHER NON-U.S. ORBITAL LAUNCH VEHICLES IN DEVELOPMENT

Manufacturer

Anticipated
Introduction
Year

Description

Angara

Khrunichev State
Research and
Production Space
Center

2014

Since 1995, the Angara has been an effort to produce
modular launch vehicles using LOX and kerosene as
propellants and powered by an RD-191 engine. Two
small-class Angara 1 versions will use one booster
module, a medium-class Angara 3 will use three, the
heavy-class Angara 5 will use five. The vehicles will also
use Breeze-KM and Breeze-M upper stages. An inaugural
launch iof the Anagare 1.2 successfully took place in
2014, followed later by a successful test of the Angara 5.

Ariane 6

Airbus Safran
Launchers

2020

In 2014, the European Space Agency (ESA) agreed to
pursue development of the Ariane 6, a replacement for the
Ariane 5 ECA. The cryogenic first stage will be powered
by a Vulcain 2 engine, supplemented by two (Ariane 62)
or four (Ariane 64) P120 solid motors (the same unit used
for the first stage of an anticipated upgraded Vega). The
vehicle will have dual payload capability, and have a
launch price of $80M to $104M.

Long March 5,
6,and 7

China Academy
of Launch Vehicle
Technology (CALT)
and Shanghai
Academy of
Spaceflight
Technology (SAST)

2015

The newest generation of Long March vehicles will
feature several variants based on interchangeable liquid-
fueled stages. The Long March 5 is a heavy-lift version
featuring a core stage and combinations of strap-on
boosters based on the cores of Long March 6 or 7. It will
launch from the new Wenchang Satellite Launch Center
on Hainan Island. The Long March 6 is a three-stage,
small-class vehicle. The first stage of this vehicle will be
an optional strap-on liquid stage for the Long March 7.
The Long March 7 is a three-stage, medium-class vehicle
featuring a core first stage and optional strap-on liquid
boosters based on the Long March 6. It will likely replace
the Long March 2F for human missions.

SOAR

Swiss Space Systems

2017

Swiss Space Systems (S3) is developing a small, reusable
spaceplane capable of sending 250 kg (551 Ib) to LEO for
about $10.5M. The spaceplane will launch from an Airbus
A300 aircraft).

Tsyklon 4

Yuzhnoye Design
Office

2015

The Brazilian Space Agency signed an agreement with
the Ukrainian Space Agency to support development

of the Tsyklon 4. It is being developed by Alcantara
Cyclone Space (ACS), a joint effort between Brazil and
Ukraine. It will launch from Brazil’s Alcantara launch
site. Due to increasing political tensions between Russia
and Ukraine during 2014, and the resulting international
sanctions against Russia, PA Yushmash, a key supplier of
missiles and other hardware to the Russian military, has
experienced considerable financial difficulties that may
impact its product line.

Table 4. Other Non-U.S. Orbital Launch Vehicles in Development
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SUBORBITAL REUSABLE VEHICLES

Suborbital reusable vehicles carry humans, cargo, or both to the edge of space. These
vehicles primarily target markets in science and technology research and space tourism.

o
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Scaled Composﬂes SpaceShipTwo lands at Mojave Air and Space :
-~ Port followmga successfurpowered' t'est fllght in January 2014.

=, “Image credlt Virgin- Galamtc/Jon Griffith




Federal Aviation Administration’s Office of Commercial Space Transportation

Suborbital reusable vehicles (SRVs) are part of an emerging industry with the potential to
support new markets. SRVs are commercially developed reusable space vehicles that travel just
beyond the threshold of space, about 100 kilometers (62 miles) above the Earth. While traveling
through space, the vehicles experience between one to five minutes of microgravity and provide
clear views of the Earth. Currently planned vehicles can carry ~700 kilograms (~1,543 pounds)
of cargo, some will carry people, and some will be able to launch very small satellites. The
companies developing SRVs typically target a high flight rate and relatively low cost. Current
ticket prices vary from $95,000 to $250,000 per seat. The first passengers are expected to fly in
late 2015. These vehicles have been developed using predominantly private investment as well
as some government support. Having gained momentum in 2012, each of the SRV companies
has continued its research and development activities. 2014 Highlights include:

e Scaled Composites conducted a powered test flight of SpaceShipTwo in January. A second
powered test flight in October resulted in catastrophic failure, destroying the vehicle in flight,
injuring the pilot and killing the co-pilot.

e XCOR Aerospace continues to build its Lynx Mk | vehicle, having integrated the propulsions
system with the fuselage in December. The company also began construction of its new
headquarters and manufacturing facility at Midland International Air and Space Port.

e Masten Space Systems, which continues work on its Xombie and Xaero-B suborbital test
vehicle, was selected by DARPA as on of the teams to develop the XS-1 air launched
systems. By July, Masten conducted over 300 flights with its Xoie, Xombie, and Xaero
reusable vehicles.

Detailed data on the SRVs are discussed in the fact sheets dedicated to individual vehicles.

- - -
Op ato a argo

0 b a
Blue Origin New Shepard 3+ 120** (265) Not announced Not announced
Masten S Xaero -- 12 (26) Not announced Not announced
a;)g:en?:ce Xombie - 20 (44) Not Announced | Not announced
Xogdor == 25 (55) Not announced | Not Announced
UP Aerospace Spaceloft XL -- 36 (79) $35|g,l?r?00hper 2006 (actual)
Virgin Galactic | SpaceShipTwo 6 600 (1,323) $2°°éggf e 2015-2016
XCOR Lynx Mark | 1 120 (265) $95,000/seat 2014
A Lynx Mark Il 1 120 (265) $95,000/seat 2014
erospace
Lynx Mark Il 1 770 (1,698) $95,000/seat 2015-2016

* Passengers only; several vehicles are piloted
** Net of payload infrastructure

Table 5. SRVs and Providers




Lynx

XCOR Aerospace is developing the Lynx suborbital
reusable vehicle, which builds on XCOR?’s previously
demonstrated rocket aircraft, the EZ-Rocket and
X-Racer.

The Lynx family of vehicles are piloted HTHL
vehicles designed to carry one pilot and one
participant. The initial test vehicle will not cross
the boundary of space, but the Mark Il and Mark
[Il are designed to reach over 100 kilometers
altitude.

XCOR is developing the Lynx vehicle through
a phased approach with a Mark | test vehicle
to be tested in 2014 and a Mark Il operational
vehicle expected to start service in 2015. The
more capable Mark Il vehicle will include a
dorsal pod for larger suborbital payloads, space
telescopes, or for launching small satellites.

The Lynx vehicles will initially fly from the Mojave
Air and Space Port; however, they can operate
from any licensed spaceport with a 2,400-meter
(8,000-foot) runway.

In 2014, XCOR started development of its new
headquarters at Midland International Air and
Space Port, Texas. Manufacturing of Lynx Il
and Lynx Il vehicles will take place at a hangar
adjacent to the Shuttle Landing Facility at
Kennedy Space Center, Florida.

XCOR Aerospace

Operator
XCOR Aerospace

Company Headquarters
USA

Manufacturer
XCOR Aerospace

Launch Site
Mojave Air and Space Port
Midland International Airport

Mass, kg (Ib)
~5,000 (11,023)

Length, m (ft)
10 (33)

Wingspan, m (ft)
7.3 (24)

Vehicle Type
Horizontal takeoff,
horizontal landing

Year Launch Operations Begin
2015

Seats
Pilot: 1
Participant: 1

Price
$95,000 per seat

2013

2014

2015-2016

Introduction year
Length, m (ft) 10 (33) 10 (33) 10 (33)
Wingspan, m (ft) 7.3 (24) 7.3 (24) 7.3 (24)
Mass, kg (Ib) 4,850 (10,692) 5,000 (11,023) TBD
Cargo capacity, kg (Ib) 120 (265) 120 (265) 770 (1,698)
Apogee, km (mi) 61 (38) 100+ (62+) 100+ (62+)
Time in microgravity ~1 minute ~3 minutes ~3 minutes

Flight duration

25-30 minutes

25-30 minutes

25-30 minutes

Propellant | LOX/Kerosene (RP-1) | LOX/Kerosene (RP-1) --
Total thrust, 51.6 51.6 __
kN (Ibf) (11,600) (11,600)
Engine(s) 4 x XR5K18 4 x XR5K18 -
Engine manufacturer XCOR XCOR XCOR
Engine thrust, 12.9 12.9 »
kN (Ibf) (2,900) (2,900)
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New Shepard

Blue Origin, founded in 2000, is developing
a vertical takeoff and vertical landing (VTVL)
suborbital vehicle named the New Shepard. New
Shepard will carry approximately 200 kilograms
(441 pounds) of payload mass or three or more
crew to an altitude of 100 kilometers (62 miles).

The system includes a Crew Capsule capable
of carrying three or more astronauts plus a
separate Propulsion Module. After accelerating
for approximately two and a half minutes, the
Propulsion Module will shut down and separate
from the Crew Capsule. The Propulsion Module
will perform an autonomous rocket-powered
vertical landing. The Crew Capsule will land with
the assistance of parachutes.

Blue Origin received an FAA AST Experimental
Permit in 2014 authorizing flight testing of New
Shephard.
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Blue Origin

Operator
Blue Origin

Company Headquarters
USA

Manufacturer
Blue Origin

Launch Site
Van Horn, Texas

Length, m (ft)
15 (49.2)

Diameter, m (ft)
~5(16.4)

Engine
BE-3

Engine Manufacturer
Blue Origin

Thrust, kN (Ibf)
444.8 (100,000)

Propellant
LOX/LH,

Vehicle Type
Vertical takeoff, vertical landing

Seats
Participants: 3

Apogee, km (mi)
100 (62)




UP Aerospace

SPACELOFT

UP Aerospace operates the Spaceloft launch

platform. The Spaceloft is an operational, single- Operator

stage unguided rocket; the vehicle takes off vertically P AOTESEE
and lands via parachute. The Spaceloft can transport Company Headquarters
up to 36 kilograms (79 pounds) of payloads to a USA

standard mission altitude of 115 kilometers (71.5 Manufacturer
miles). Customers can select options from among UP Aerospace
a collection of standardized payload modules that Launch Site

provide power and command circuitry. Spaceport America

Since its inaugural launch in September 2006,

Spaceloft has launched a total of nine times, all Mass, kg (Ib)
successfully. UP Aerospace is headquartered in 354 (780)
Denver, Colorado, with launch facilities at Spaceport Length, m (ft)
America in New Mexico. 6.1 (20)
SpaceLoft vehicles have been successfully launched Diameter, m (ft)
nine times from a site in New Mexico which has since 0.26 (0.85)
become Spaceport America. In 2014, UP Aerospace Engine
launched a Spaceloft vehicle carrying four payloads 1 x UPA-264-C

under NASA'’s Flight Opportunities Program. Engine Manufacturer

Cesaroni Technologies

soedsosoy @MY

Thrust, kN (Ibf)
36.6 (8,228)

Propellant
Solid

Vehicle Type
Vertical takeoff,

Spaceloft parachute recovery
Year Launch Operations Began
2006
Cargo Capacity, kg (Ib)
pad Length, Diameter, 36 (79)
0 odatic cm (in) cm (in) Apogee, km (mi)
NC-1 35.6 (14) 8.4 (3.3) 160 (99)
\ NC-2| 34.3(13.5) 15.9 (6.3) Time in Microgravity
NC-3 21.6 (8.5) 20.3 (8) ~4 minutes
PTS4-X 8.3 (3.3) 24.8 (9.8) Flight Duration
PTS10-X 23.5(9.3) 24.8 (9.8) ~13 minutes
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SPACESHIP

SpaceShipTwo

Virgin  Galactic is developing
the reusable suborbital vehicle
SpaceShipTwo. Scaled Composites
designed, built, and tested
SpaceShipTwo.

The Spaceship Company will
build future production vehicles.
SpaceShipTwoistwice aslarge, but
uses the same basic technology,
carbon composite construction,
and design as SpaceShipOne,
which won the Ansari X PRIZE
in 2004 and was the world’s first
privately built vehicle flown into
space.

The vehicle is air-launched at approximately 15,240 meters (50,000 feet)
from the carrier aircraft WhiteKnightTwo. Powered by a hybrid rocket
motor, SpaceShipTwo will follow a typical ballistic arc. The vehicle will use
a “feathering” system for reentry, followed by a glide runway landing.

Four powered flights of SpaceShipTwo have been conducted, beginning
in 2013. A flight on October 31, 2014 resulted in a catastrophic failure of
the vehicle, killing co-pilot Michael Alsbury and injuring pilot Peter Siebold.
The National Transportation Safety Board (NTSB) is investigating the
accident witht he support of FAA AST and a report is expected in 2015.

Virgin Galactic

Operator
Virgin Galactic

Company Headquarters
USA

Manufacturer
The Spaceship Company

Launch Site
Spaceport America

Mass, kg (Ib)
54,431 (120,000) est.

Length, m (ft)
24 (78.7)

Wingspan, m (ft)
42.7 (140)

Vehicle Type
Horizontal takeoff,
horizontal landing

Year Launch Operations Begin
2015-2016

Seats
Pilots: 2
Participants: 6

Price
$250,000 per seat

Cargo Capacity, kg (Ib)

600 (1,323)
Apogee, km (mi)
2 AY¢ 110 (68.4)
Stage designation | WhiteKnightTwo (Eve) SpaceShipTwo Time in Microgravity
Length, m (ft) 24 (78.7) 18.3 (60) 5 minutes
Wingspan, m (ft) 42.7 (140) 8.2 (27) Flight Duration
Manufacturer Scaled Composites The Spaceship Company ~120 minutes
Propellant Jet A-1 (kerosene) N,O/HTPB solid
Total thrust, 123.3 266.9
kN (Ibf) (27,706) (60,000)
Engine(s) 4 x PW308A 1 x RocketMotorTwo
Engine manufacturer Prsétc&k(;/tvdh;[nneey Sierra Nevada Corp.
Engine thrust, 30.7 266.9
kN (Ibf) (6,904) (60,000)
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XAERO

Xaero

Masten currently offers the Xaero suborbital vehicle
for payload flights. Xogdor will be the next vehicle
and is currently in development. Masten intends to
later develop a reusable suborbital production vehicle
called the Extreme Altitude 1.0 (XA-1.0). Masten Space
Systems is located in Mojave, California.

Xaero and Xogdor are both vertical takeoff, vertical
landing (VTVL), uncrewed vehicles. Unlike other VTVL
vehicles, throttle-able engines will allow Xaero and
Xogdor to perform soft landings via deceleration, instead
of parachute landings.

Xaero is designed to reach 30-kilometer (18.6-mile)
altitudes with a 10-kilogram (22-pound) payload, whereas
Xogdor will be capable of reaching 100 kilometers. The
company unveiled its Xearo-B vehicle in 2013.

57

Masten Space Systems

Operator
Masten Space Systems

Company Headquarters
USA

Manufacturer
Masten Space Systems

Launch Site
Mojave Air and Space Port

Length, m (ft)
3.6 (12)

Engine Manufacturer
Master Space Systems

Propellant
LOX/alcohol

Vehicle Type
Vertical takeoff,
parachute recovery

Cargo Capacity, kg (Ib)
10 (22)

Apogee, km (mi)
30.5 (19)

Flight Duration
510 6 minutes




XOMBIE
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Xombie is a technology demonstration vehicle
developed and operated by Masten Space
Systems. It is not designed to carry payloads per
se; rather, it is used to test vertical lift off, vertical
landing, and translational flight technologies.

XA-0.1B originally featured four engines with 4
kN (1,000 Ibf) of total thrust, but was converted in
early 2009 to be powered by a single engine with
3 kN (750 Ibf). The vehicle was successfully flight
tested (tethered) until September 2009. XA-0.1B
first flew free of tether September 19, 2009 and
qualified for the Lunar Lander Challenge Level
One second prize of $150,000 on October 7, 2009.
That day, the vehicle went on to win the $150,000
second prize in the Level One competition.

In June 2014, Xombie was flown with an autnomous
landing system developed by Astrobotic
Technologies. The flight was funded by the
NASA'’s Flight Opportunities Program. The vehicle
ascended to about 260 meters (853 feet) in 25
seconds. During the boost phase, the Astrobotic
Autolanding System (AAS) was activated and it
navigated the vehicle to a precise landing location,
successfully avoiding obstacles.

The test objectives included accurately tracking
Xombie’slocation, detecting hazards larger than 25
centimeters (10 inches) and finding an acceptable
landing location. The AAS uses cameras and an
inertial measurement unit for navigation, because
the Global Positioning System used on Earth would
not be available for a landing on another planet
or the moon. Astrobotic is also developing a lunar
lander called Griffin, and the AAS test will inform
design decisions and mission planning.

Alsoin 2014, the U.S. Defense Advanced Research
Projects Agency (DARPA) awarded 12-month
study contracts to Masten, Boeing and Northrop
Grumman for the companies to define how they
would design, build, and fly their entrants in the
XS-1 program, a development project aimed at
producing a vehicle capable of sending 2,300
kilograms to low Earth orbit (LEO) for $5 million.
Xombie flight data will help inform the research.
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Masten Space Systems

Operator
Masten Space Systems

Company Headquarters
USA

Manufacturer
Masten Space Systems

Launch Site
Mojave Air and Space Port

Length, m (ft)
4.9 (16)

Diameter, m (ft)
1.2 (4)

Engine Manufacturer
Masten Space Systems

Propellant
LOX/ethanol

Vehicle Type
Vertical takeoff,
vertical landing

Year Launch Operations Began
2009

Cargo Capacity, kg (Ib)
0

Apogee, km (mi)
30 (18.6)

Time in Microgravity
0

Flight Duration
< 5 min




Suborbital Reusable Vehicles

OTHER SUBORBITAL VEHICLES IN DEVELOPMENT

Operator / Vehicle

Booster Space Industries
Sub-orbital Spacecraft

Remarks

Booster Space Industries is developing
a “sub-orbital aircraft.” Booster is
Planmng a two-stage system; the

irst stage will be a conventional
commercial jet aircraft, similar to an
Airbus A300-600, capable of carrying
the sub-orbital aircraft to an altitude
of approximately 12 kilometers (7.5
miles) for launch. Booster is primarily
based in Spain, with a European-
United States consortium.

Vehicle Details

Seats: ~10

- Pilots: 2

- Passengers: ~8
Altitude: 115 — 150 km (71-93 mi)
Payload: 1,200 kg (2,645 Ib)
Propulsion: 2 rocket er;(gines, liquid
hydrogen (LH,) and LO
Duration of microgravity: ~4 minutes
HTHL

Operational flights target dates:
2016/2017

Copenhagen Suborbitals
Tycho Brahe

Copenhagen Suborbitals is developing
the Tycho Brahe, a capsule that will
carry one person to 100 kilometers

(62 miles) altitude. The person will
stand in the vehicle for the entire
mission and will be able to see through
a 360-degree dome at the top. The
company is based in Denmark.

Seats: 1

Altitude: 100 km (62 mi)

Mass: ~300 kg (~661 Ib)

Payload: ~70 kg (~154 Ib)
Propulsion: LOX/polyurethane
Off-shore VTVL (parachute landing)
Operational flights target date: 2015

Garvey Spacecraft Corp.
P-18

Garvey Spacecraft Corp. is
developing the Prospector 18 (P-
18) vehicle. The latest P-18 flight
was on December 8, 2012 at the
Friends of Amateur Rocketry %_FAR)
test site outside Mojave, CA. This
launch was performed for NASA’s
Launch Services ProgSram (LSER
ALS)

Seats: N/A
Altitude: 4.6 km (2.9 mi)
Mass: TBD

Propulsion: LOX/ethane propellant
launch vehicle using aerospike engine

spaceflights. SOARsuborbitalspaceplane
will be launched from an Airbus A300.
The spaceplane, in turn, will release a

High Altitude Launch Service ﬁ technology
for Demonstration Nano-Satellites VTVL
program. The company is also
develo mP a Nanosat Launch Vehicle
gNLV) or launch of up to 10 kilograms
22 pounds) payloads to LEO.

S3, Swiss Space Systems Seats: TBD

SOAR S3 plans to launch small satellites and, | Altitude: 80 km (50 mi)

at a later stage, manned suborbital Mass: TBD

Payload: ~250 kg (~550 Ib)
Propulsion: TBD

propellant modules. For the Flight
Opportunities Program, Whittinghill will
modify one of the propellant modules
for a suborbital flight. Whittinghill
Aerospace is located in Camarillo, CA.

disposable third stage with a satellite. HTHL
Operational flights: 2017
Whittinghill Aerospace | Whittinghill is developing the minimum | Seats: N/A
mCLS Cost Launch System (mCLS) designed | Altitude: TBD
g to send nano-satellites into LEO. The Mass: TBD
7W system uses a cluster of standardized Payload: TBD

Propulsion: N,O/rubber

Vertical takeoff or rail launch,
parachute landing

Operational flights: TBD

Table 6. Other Suborbital Vehicles in Development

Image Credits (from top to bottom) Booster Space Industries, Copenhagen Suborbitals, Garvey Spacecraft
Corp., Rocketplane Global, and Whittinghill Aerospace
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Federal Aviation Administration’s Office of Commercial Space Transportation

NASA started the commercial crew and cargo program to help commercial companies develop
new capabilities for transporting crew and cargo to the ISS. These services are intended to
replace some of the ISS resupply services performed by the Space Shuttle. The first of these
vehicles, SpaceX’s Dragon, became operational in 2012, restoring NASA'’s ability to deliver and
retrieve cargo in LEO. Crewed vehicles made many advances this year but are not expected to
become operational before 2017.

In on-orbit vehicle and platform development by commercial companies conducted in 2014
included:

e Five cargo missions were conducted as part of NASA’s ISS Cargo Resupply Services
contracts with Orbital Sciences Corp. and SpaceX. Three were conducted by Orbital, but
the Orb 3 mission was lost following a launch failure. SpaceX conducted two successful
cargo missions.

e Orbital Sciences Corp. announced plans to modify the Antares vehicle, replacing the AJ26
engines with the RD-191 engine provided by NPO Energomash. In the meantime, Orbital has
contracted with United Launch Alliance for an Atlas V to carry a Cygnus cargo module to ISS
in 2015. The upgraded Antares is expected to enter service in 2016.

e In September, NASA selected Boeing and SpaceX for the Commercial Crew Transportation
Capability (CCtCap) program. Boeing will develop the CST-100 and SpaceX will develop the
Dragon V2. Sierra Nevada Corp., which is developing the Dream Chaser, is contesting the
award, but vows to continue working on its winged vehicle.

¢ Blue Origin continues work on its Biconic Spacecraft and the Reusable Booster System. In
2014, it entered into an agreement with ULA in the development of a new vehicle to replace
the Atlas V, using Blue Origin’s BE-4 liguid rocket engine currently under development.

Details on on-orbit vehicle and platforms are provided in the following fact sheets.

Maximum Cargo | Maximum

Operator Launch Vehicle Crew Size First Flight
6,000
SpaceX Dragon (cargo) Falcon 9 (13,228) 0 2010
SpaceX Dragon V2 (crew) Falcon 9 TBD 7 2017
. Cygnus 2,000
Orbital (Standard) Antares (4.409) 0 2013
. Cygnus 2,700
Orbital (Enhanced) Antares (5.952) 0 2015
Atlas V
Boeing CST-100 Delta IV TBD 7 2017
Falcon 9
SNC Dream Chaser Atlas V TBD 7 TBD
- . Atlas V
Blue Origin Space Vehicle Blue Origin RBS TBD 7 TBD

Maximum

Oberator On-Orbit Volume Maximum
P Vehicle Crew Size
m? (ft3)
Bigelow Dragon 330
Aerospace B CST-100 (11,653) 8 D
Bigelow 32
Aerospace BEAM Dragon (1.125) TBD 2015

Table 7. On-Orbit Vehicles and Platforms



BicoNic SPAC o

Washingon-based Blue Origin has Operator
been developing an orbital Biconic Blue Origin
Spacecraft as part of its reusable, two-
stage Orbital Transportation System to Company Headquarters
send the vehicle into orbit for several USA

years. Development of both systems Manufacturer
leverages lessons learned from the Blue Origin
company’s New Shephard suborbital Launch Site
program. Few details of this program TBD

@ The spacecraft is designed to carry Reusable Booster System

0
o

E—| have been released to the public. Launch Vehicle
\fm
“at seven crewmembers to low Earth orbit Landing Type
= (LEO). “Biconic” refers to the use of two Parachute splashdown
— cone shapes merged together, forming Year Operations Begin
HH'H H”H'HWHH i i © a slight taper, providing a better lift-to- TBD
drag ratio than a single cone shape. The

shape has been tested and refined 180
times in a wind tunnel (photo at right).
Its mass, including crew, will be about
22,000 kg. Blue Origin was awarded
$22 million in 2011 under NASA’s
Commercial Crew Development (CCDev) program and was awarded an
unfunded Space Act Agreement to continue work under CCDev 2 in 2013.
The company successfully completed a System Requirements Review of
the vehicle in May 2012.

Biconic Spacecraft

The Reusable Booster System is a two-stage launch vehicle designed to
propel the Biconic Spacecraft to LEO. The RBS first stage will be powered
by the company’s BE-3 engine, which burns liquid oxygen (LOX) and
liquid hydrogen at a thrust of about 490 kN (110,000 Ibf). Successful
testing of this engine took place at NASA'’s Stennis Space Center in 2013.
Another version of this engine, called BE-3U, is also being developed for
use in the RBS second stage.

Biconic Spacecraft

Vehicle type Crewed, reusable
Crew 7
Length, m (ft) 15.8 (52)
Diameter, m (ft) 73.8 (24)




CST-100

CST-100

Crew Space Transportation (CST)-100
is a reusable capsule consisting of a
crew module and service module. It
is designed for transportation of up to
seven crew or a combination of people
and cargo to and from low Earth orbit.
CST-100 is designed to be reused up to
10 times and includes a launch escape
system.

The CST-100 design uses proven flight
components from heritage systems,
such as an Apollo parachute system and
Orion’s airbag landing system. CST-100
will launch initially on the Atlas V launch
vehicle, but the design is compatible
with a variety of launch vehicles. Boeing

plans to have CST-100 operational in 2017.

NASA selected Boeing under the agnecy’s Commercial Crew
Transportation Capability (CCtCap) program, awarding the company a
milestone-based contract valued at $4.2B. Later, Boeing announced that
the CST-100 could be easily modified for cargo transportation services.

CST-100

Boeing

Operator
Boeing

Company Headquarters
USA

Manufacturer
Boeing

Launch Site
CCAFS (SLC-41)

Launch Vehicle
Atlas V

Landing Type
Parachute splashdown

Year Operations Begin
~2017

Vehicle type Crewed, reusable
Crew 7
Length, m (ft) 5(16.4)
Diameter, m (ft) 4.6 (15.1)

4 x thruster units (service module)

Propulsion 12 x thrusters (command module)

4 x RS-88 abort engines
Propellant LOX/alcohol
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Orbital Sciences Corporation offers the
Cygnus, an advanced maneuvering
spacecraft  designed to  transport
pressurized cargo to the International
Space Station.

NASA selected Orbital to develop the
Cygnus under the agency’s Commercial
Crew and Cargo Program. In addition,
NASA awarded Orbital a Commercial
Resupply Services contract totalling $1.9
billion to provide at least eight cargo

Orbital Sciences Corp.

Operator
Orbital Sciences Corp.

Company Headquarters
USA

Manufacturer
Orbital Sciences Corp.
Thales Alenia Space

Launch Site
MARS (Pad 0-A)

Launch Vehicle
Antares

resupply missions to the ISS.

Landing Type

The Cygnus system consists of a service Non-recoverable

module based on Obital’'s LEOStar and Year Operations Began

GEOQOStar and a pressurized cargo module 2013

based on the multipurpose pressurized

Cygnus logistics module for the 1SS developed by
Thales Alenia Space.

Once the Cygnus undocks from the ISS, it can stay in orbit for two years
before it is programmed to reenter. According to orbital, Cygnus has
hosted payload and nanosatellite (cubesat) deployment capabilities.

Following the loss of the Cygnus Orb 3 mission in October 2014, Orbital
announced plans to pursue development of a newly engined Antares. In
the meantime, the company has contracted with United Launch Alliance
to have one, and perhaps two, Cygnus modules launched to ISS aboard
Atlas V vehicles in 2015. The new Antares is expected to enter service in
2016.

Standard Cygnus Enhanced Cygnus

Vehicle type Cargo, expendable Carge, expendable
Length, m (ft) 5.7 (18.7) 6.9 (22.6)
Diameter, m (ft) 3.1(10.2) 3.1(10.2)

Up mass, kg (Ib)
Pressurized cargo volume, m? (ft%)

2,000 (4,409.2)
18.8 (663.9)
1 week - 2 years

2,700 (5,952.5)
27 (953.5)
1 week - 2 years

Flight duration

Propulsion 1 x main engine, 4 x thrusters 1 x main engine, 4 x thrusters
Propellant N,H,/MON-3 N,H,/MON-3
Power, kW (peak) &8 8.5

0650



Dragon

Dragon is a free-flying reusable spacecraft designed
to take pressurized cargo, unpressurized cargo, and/
or a crew of seven to and from low Earth orbit.

SpaceX began developing Dragon internally in 2005.
In 2006, the company received NASA funding for
Dragon’s development and operation under the
COTS program.

In addition, NASA awarded SpaceX a CRS contract
totaling $1.6 billion to provide at least 12 cargo
resupply missions to the ISS. By the end of 2014,
SpaceX had successfully conducted four missions to
ISS using Dragon. Also in that year, NASA extended
the CRS contract to 2017. In 2015, NASA is expected
to announce a second CRS request for proposals.

Dragon Cargo

SpaceX

Operator
SpaceX

Company Headquarters
USA

Manufacturer
SpaceX

Launch Site
CCAFS (SLC-40)

Launch Vehicle
Falcon 9

Landing Type
Parachute splashdown

Year Operations Began
2012

Vehicle type Cargo, reusable
Crew 0
Length, m (ft) 4.4 (14.4)
Diameter, m (ft) 3.6(11.8)
Up mass, kg (Ib) 6,000 (13,228)
Down mass, kg (Ib) 3,000 (6,614)
Pressurized cargo volume, m? (ft%) 10 (353)
Unpressurized cargo volume, m? (ft3) 14 (490)
Flight duration 1 week - 2 years
Propulsion 18 x Draco thrusters
Propellant NTO/MMH
Power, kW (peak) 4




SpaceX

Operator
SpaceX

Company Headquarters

USA
Manufacturer
SpaceX
Launch Site
CCAFS (SLC-40)
Launch Vehicle
Falcon 9
Landing Type
Vertical ground landing
Year Operations Begin

In 2014, Space Exploration Technologies

(SpaceX) unveiled a mockup of its crewed
reusable Dragon V2 vehicle. It differs substantially

from the cargo version of the Dragon in terms of
external appearance and internal arrangement.

2017-2018

Externally, the spacecraft features eight clusters
of thrusters, which serve as part of the reaction

control system as well as a pusher abort system
designed to separate the Dragon V2 from a

booster failure. The Dragon V2 can deploy four

landing struts. Also evident is a crew hatch and
large windows. The spacecraft will generate

]:\/_) |
power from two deployable solar panels.

Internally, the Dragon V2 contains seating for
seven individuals. In addition to an environmental

=
control and life support system provided by
Paragon Space Development Corporation, the
Dragon V2 uses updated computers and avionics

derived from the cargo version of Dragon.

In 2012, SpaceX announced that it expects a

crewed mission will cost about $160 million, or
roughly $20 million per seat. The company plans

Dragon V2
to conduct a crewed flight tests of Dragon V2
beginning in 2016.
PDraqgo
Vehicle type Crewed, reusable
Crew 7
Length, m (ft) 6.1 (20)
Diameter, m (ft) 3.7 (12.1)
Up mass, kg (Ib) 3,310 (7,300)
Down mass, kg (Ib) 2,500 (5,500)
Pressurized cargo volume, m3 (ft) 10 (350)
Unpressurized cargo volume, m? (ft) 14 (490)
Flight duration 1 week to 2 years
8 x SuperDraco thrusters
for launch abort and
Propulsion landing and 12 x
Draco thrusters for
maneuvering
NTO/MMH

Propellant
Power, kW (peak)

.67.




DREAM CHASER

Dream Chaser is a reusable, piloted
lifting-body spacecraft designed to fly up
to seven crew and cargo to and from LEO
using non-toxic propellant.

Dream Chaser will launch vertically on an
Atlas Vlaunchvehicle, conductoperations
in low Earth orbit, and ultimately dock to
the International Space Station. Following
completion of its mission, Dream Chaser
will deorbit, experience a low-g reentry
(<1.59), and glide to a horizontal landing
on a conventional runway.

Dream Chaser The design of Dream Chaser derives
from NASA's HL-20 experimental aircraft
concept. The onboard propulsion

system is derived from Sierra Nevada Corporation’s SpaceShipOne and
SpaceShipTwo hybrid rocket motor technology. Dream Chaser completed
its first glide test and landing in late 2013.

In 2014, NASA selected Boeing and SpaceX under the agency’s
Commercial Crew Transportation Capability (CCtCap) program. Sierra
Nevada Corp. filed a formal protest with the U.S. Court of Federal Claims,
citing “serious questions and inconsistencies in the source selection
process.” The court ultimately lifted a temporary injunction stopping
Boeing and SpaceX work under CCtCap after NASA indicated such an
injunction will delay introduction of a U.S. crewed vehicle capable of
servicing the ISS. A final ruling is expected in 2015. In the meantime,
Sierra Nevada Corp. is continuing work on Dram Chaser, having also
entered into a partnership with Stratolaunch Systems,

Vehicle type Crewed, reusable
Crew 7
Length, m (ft) 9(29.5)
Wingspan, m (ft) 7(23)
Pressurized cargo volume, m3 (ft%) 16 (565)
Flight duration 210 days
Propulsion 2 x hybrid motors
Propellant HTBP/N,O

Sierra Nevada Corp.

Operator
Sierra Nevada Corp.

Company Headquarters
USA

Manufacturer
Sierra Nevada Corp.

Launch Site
CCAFS (SLC-41)

Launch Vehicle
Atlas V

Landing Type
Horizontal landing

Year Operations Begin
TBD




LAUNCH SITES

Launch sites are sites dedicated to launching orbital or suborbital vehi

Texas’ Midland International Air and Space Port- -

kl"mage credit: Midland Convention & Visitors Bureau b g >



Federal Aviation Administration’s Office of Commercial Space Transportation

Launch sites are sites dedicated to launching orbital or suborbital vehicles into space. These
sites provide the capability to integrate launch vehicle components, fuel and maintain vehicles,
and integrate vehicles with payloads. Launch sites can facilitate either vertical takeoff, vertical
landing (VTVL) or horizontal takeoff, horizontal landing (HTHL) vehicles. From the launch site, a
launch vehicle travels through an area called the launch range, which typically includes tracking
and telemetry assets. These range assets monitor the vehicle’s performance until it safely
delivers a payload into orbit or returns to Earth. Tracking and telemetry assets may also facilitate
recovery of reusable stages.

FAA AST licenses commercial launch and reentry sites in the United States. By January 2015,
FAA AST issued nine launch site operator licenses. Table 8 below lists the FAA AST-licensed
launch sites. Figure 1 identifies the locations of federal and non-federal launch sites in the United
States.

FAA-licensed launch and reentry sites are often co-located with federal locations, including
CCAFS in Florida, VAFB in California, and WFF in Virginia.

Of the 18 active launch and reentry sites (Table 9 on Page 70), the U.S. Government manages
eight, state agencies manage nine FAA-licensed commercial sites in partnership with private
industry, and a university manages one (Alaska’s Poker Flat site). Four sites are dedicated to
orbital launch activity, nine facilitate suborbital launches only, and five can host both types of
operations.

In addition to these sites, there are three sites where individual companies conduct launches
with FAA AST licenses or permits. Each of these sites is owned by the company that launches
from it. The Odyssey Launch Platform exclusively supports Sea Launch’s Zenit 3SL vehicles on
the Central Pacific Ocean. SpaceX conducts flight tests of its Falcon 9R vehicle at its McGregor,
Texas site. Blue Origin conducts FAA-permitted flight tests from its site near Van Horn, Texas.

Several proposed launch and reentry sites in the United States are in various stages of
development, summarized in Table 10. In addition, specific details for launch and reentry sites
in the U.S. are provided in the launch site fact sheets that follow.

2014 FAA AST-

q License : :
Launch Site/State Operator . Expires Licensed or
First Issued Permitted Flights
California Spaceport, Spaceport Systems
California International 1996 9/18/16 NEms
Mid-Atlantic Regional Virginia Commercial Space . .
Spaceport, Virginia Flight Authority 1997 1218/17 3 licensed flights

ch;('jsil?: Launch Complex, Alaska Aerospace Corporation 1998 9/23/18 None

Cape Canaveral

Spaceport, Florida Space Florida 1999 6/30/15 None
'I;/lgrjtﬁl\gaﬁgg%?g Space East Kern Airport District 2004 6/16/14 2 permitted flights
Qahoma Spacepon, | OahonaSpacoidus | 006 | ertite | None
E/I%iicceoport America, New New M%Jgﬁoﬁ%aceport 2008 12/14/18 None
%%giew Spaceport, Jacksonville Aviation Authority 2010 1/10/15 None
Miclanolintemetiogal Midland International Airport 2014 9/15/19 | None

Airport, Texas

Table 8. FAA-licensed Commercial Launch Sites



Launch Sites

@ STATES WITH FAA-LICENSED SITES
1 - California Spaceport
2 - Mojave Air and Space Port

3 - Spaceport America Commercial orbital launches take place from

4 - Oklahoma Spaceport . i
5 - Kodiak Launch Complex 3 U.S. launch sites: CCAFS, VAFB, and MARS

6 - Midland International Air & Space Port
7 - Mid-Atlantic Regional Spaceport
8 - Cecil Field Spaceport

9 - Cape Canaveral Spaceport

® PROPOSED SITES
10 - Front Range Spaceport
11 - Shiloh
12 - Space Coast Regional Spaceport
13 - Camden County
14 - Houston Spaceport 1.92
15 - Brownsville (sole site operator) ’

16 - Hawaii Air and Space Port

® FEDERAL SITES

17 - CCAFS 21 - RRBMDTS (kwajelein) 9,11,12,17,19
18-EAFB 22 - VAFB :

19-KSC  23- WFF e I

20-PMRF 24 - WSMR o

® UNIVERSITY SITES
25 - Poker Flat

Figure 1. U.S. Federal and Non-Federal Launch Sites.

2014 Highlights

Eleven FAA AST-licensed orbital launches took place from launch sites in the U.S. Five of these were
conducted to supply cargo to the ISS - two by SpaceX from CCAFS and three by Orbital from MARS.
SpaceX also launched the following satellites, each on a single Falcon 9 vehicle launched from CCAFS:
Thaicom 6, six ORBCOMM satellites, AsiaSat 6, AsiaSat 8. A Lockheed Martin Commercial Launch
Services Atlas V 401 launched WorldView 3 from VAFB or DigitalGlobe, and ULA launched NASA'’s
Orion Multi-Purpose Crew Vehicle from CCAFS.

Seven suborbital launches were conducted under an FAA AST Experimental Permit. Scaled Composites
conducted two powered flights of SpaceShipTwo from Mojave Air and Space Port. SpaceX launched
its Falcon 9R Dev 1 vehicle from its sole site located in McGregor, Texas, which is not required to be
licensed by AST.

FAA AST issued its ninth license order regarding the operation of a launch site to Midland International
Airport, renamed the Midland International Air and Space Port, in Texas.

SpaceX started modifying Launch Complex 39A, which it leases from NASA to support launches of its
Falcon Heavy vehicle. The Falcon Heavy is expected to launch for the first time in late 2015.

At KSC, Boeing started modifying Orbiter Processing Facility 1 for the Air Force’s X-37B space plane,
and an MOU was signed between Space Floirda and Swiss Space Systems to operate the company’s
SOAR launch system frm the Shuttle Landing Facility.

FAA AST prepared an Environmental Impact Statement (EIS) to evaluate potential environmental impacts
at a site near Brownsville, Texcas that may result from the FAA proposal to issue launch licenses and/or
experimental permits to SpaceX. The site itself will not require a license as it will be operated by a single
company, but the vehicles will require a license or permit.



Federal Aviation Administration’s Office of Commercial Space Transportation

Launch Site

Operator

State/
Country

Type of
Launch Site

Type of
Launches
Supported

Currently
Available for
Commercial

Operations

Missile Range

gggg)ergiglrt %?gﬁ%%%rgaslystems California Commercial Orbital Yes
gggge%gptaveral Space Florida Florida Commercial | Orbital/Suborbital Yes
SLC-41 (Atlas V)
Gape Canaveral | s Air Force Florida | Government Orbital SLC-37B (Delta V)
SLC-40 (Falcon 9)
gsgge’%%lg JA%/?alftngr?\glLlﬁhority Florida Commercial Suborbital Yes
Eg;’ggrgzgr U.S. Air Force California Government Suborbital No
égg?gdy Space NASA Florida Government Orbital No
égﬂ%@funm él(?rspk(?r?t%rr?space Alaska Commercial | Orbital/Suborbital Yes
Mid-Atlantic Virginia
gegional I(:Zlonp]mpeircri]al Space Virginia Commercial Orbital Yes
paceport ight Authority
Midland :
: . Midland . .
International Air . : Texas Commercial Suborbital Yes
International Airport
and Space Port
g/lgéi\gepﬁ(\)irrtand E?ssitrirétem Airport California Commercial Suborbital Yes
Oklahoma
gggacheoggﬁ %geg%gnrggﬁ?y Oklahoma | Commercial Suborbital Yes
Authority
Egﬁgg y{j{iﬁ:l@ U.S. Navy Hawaii Government Suborbital No
University of Five .
; pads available
Eggg;r':é%t Range élgcs)gﬁylzs?lcrganks Alaska University Suborbital for suborbital
Institute launches
Ronald Reagan Republic of
Ballistic Missile | U.S. Army the Marshall | Government | Orbital/Suborbital gumneéﬁk Ias!jand
Defense Test Site Islands P
New Mexico
i;r)naecr?cgort %\pa;lceport New Mexico | Commercial Suborbital Yes
uthority
SLC-2 (Delta ll)
L,
; -4 alcon
\F/gpcdeeggggg Al 1. Air Force California Government | Orbital/Suborbital | and Falcon Heavy)
SLC-6 (Delta V)
SLC-8 (Minotaur)
SLC-576E (Taurus)
. Six pads available
aliops Flight ' nasa Virginia | Government | Orbital/Suborbital | for suborbital
y launches
White Sands U.S. Army New Mexico | Government Suborbital No

Table 9. U.S. Active Launch and Reentry Sites




Proposed

Launch Site/

Operator

Launch Sites

Status

Spaceport
; SpaceX is exploring the proposed site for
Brown