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« Examine the Space Shuttle Program Relative to its
Goals and Objectives, other Human Space Flight
Programs, and Measures of Economic Effectiveness

Was the Shuttle Program a “Good Value” for the
American Taxpayer?

What Lessons Learned can be Drawn to make
Future Exploration Architectures more Cost
Effective?
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Outline B

e Purpose
« Scope and Approach
 Ground Rules and Assumptions

 Overview of NASA Human Spaceflight
Programs

e Comparative Assessment
 Heritage Issues

 Value Assessment

e Lessons Learned
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Focus on the Space Shuttle Program
— Goals and Objectives
— Accomplishments

— Costs

Comparative Programs
— Mercury

— Gemini

— Apollo

— Skylab

ISS Not Included in Analysis
— On-going Program
— Complexity of International Partner Contributions
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Approach

Dffice
Data Sources
f _ R NASA.GOV
Define Purpose and Historical Program Documents
Scope of Study Flight Manifests and Summaries
Budget Data
Gather Data Cost Analyses
\ Wikipedia
\
Analyze Data
Draw Conclusions and
Lessons Learned
Analysis Approaches Document Results

Normalize Cost Data
Organize Programmatic Data
Identify Bases for Comparison
Perform Comparative Analysis
Draw Conclusions & Lessons
Identify Issues and Concerns
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All Cost Data Normalized to FY12$% using the NASA New Start
Inflation Index Titled “NASA FY11 Inflation Tables to be Used in
FY12”

Budget Data Includes all Design & Development, Testing, Flight
Hardware, Launch & Mission Operations, and Retirement

No Adjustments to the Budget/Cost Data for Heritage, Program
Content, Full Cost Accounting, Number of Test Flights, etc.

Only Crewed Missions included in the Calculation of Metrics

For each Mission, Days in Orbit Equals Mission Duration
— Mission Duration Equals Time from Launch to Landing

ISS Shuttle Missions where Crew Size Changed - Time in Orbit
Calculated as:

— Initial Crew Size x (Launch until shuttle leaves ISS) + Return Crew Size
X (Departure from ISS until landing)
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Space Shuttle Program Overview, 1974

STATUS OF SPACE SHUTTLE CONTRACTING

 Human Spaceflight Mission Data S ———

of the Space Shuttle system and the majority of the key subcontracts

NASA. GOV !fl;\l’zwz‘em awarded. A summary of this progress is highlighted as

THE SPACE DIVISION OF ROCKWELL | NIERNATIUNAL |5 PRIME

CONTRACTOR T0 NASA FOR TOTAL INTEGRATION OF SPACE

Wikipedia SHUTTLE SYSTEMS

OREITER
SPACE DIVISION
ROCKWLLL INTERNATIONAL i

r— MW ENGINES
“AOCKETOYNE
DVISION
ROCKAELL
INTERNATIGHAL

e Historical Program Data
NASA.GOV

REDSTAR Library ) M

EXTERNAL TANK ThoKoL
MARTIN MARIETTA

« Budget/Cost Data BRI
— Official NASA Budget Documents
— NASA Historical Records
— Program Operating Plans e {
— REDSTAR Library ) z T

*ASEOCIATE CONTRACTORS fOTHER NASA CONTRACTS)

ORBITAL
MANELVERING
SUBSYSTEM
MHONKELL
DDUGLAS

PAYLOAD DOORS
+TULSA DIVISION
BOCKWELL INTERNATIONAL g7

AFT FUSELAGE
T SPACE DIMISIDN

ROCKWELL
INTERRATIONAL

ATV AERDSFACE
CORPORATION
e ANDING GEAR v REUSABLE SURFACE INSULATION
*LOCKHEED MISSILES AND SPACE

“ORBITER SUBLONTRACTORS ICONTAACTS WITH SPACE DIVISIONY

20




Engineering
Cost
Oifice

Mercury

 Objectives
— Place a Manned Spacecraft in
Orbital Flight Around the Earth
— Investigate Man's Performance
Capabilities and His Ability to
Function In the Environment of
Space

— Recover the Man and the
Spacecraft Safely

 Major Achievements

— First American in Space (May 5,
1961)

— First Orbital Flight (February 20,
1962)
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« Major Objectives

To subject two men and supporting
equipment to long duration flights -- a
requirement for projected later trips to
the moon or deeper space

To effect rendezvous and docking with
other orbiting vehicles, and to
maneuver the docked vehicles in
space, using the propulsion system of
the target vehicle for such maneuvers

To perfect methods of reentry and
landing the spacecraft at a pre-
selected land-landing point (Cancelled)

To gain additional information
concerning the effects of
weightlessness on crew members and
to record the physiological reactions of
crew members during long duration
flights
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 Notable (US) Achievements
— First Two Person Crew

— First Long Duration Space
Flight (14 Days)

— First Rendezvous and Docking

— Two Crewed Spacecraft in Orbit
(Gemini VIl & Gemini VI A)

— First Spacewalk

— First Flight Computer
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« Major Objectives

— To put Man on the Moon and
Return him Safely to Earth

— To Establish the Technology to
Meet Other National Interests in
Space

— To Achieve Preeminence in
Space For the United States

— To Carry Out a Program of
Scientific Exploration Of the
Moon

— To Develop Man's Capability to
Work In the Lunar Environment
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Apollo

(2 of 2)

e Significant Achievements

— First Human Landing on the
Moon

— First Operations in Lunar Orbit
— First 3 Person Crew

— First Human Launch from the
Moon

— Human Lunar EVA’s
— Return of Lunar Samples
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Skylab

 Objectives

— To Prove that Humans Could Live and Work in
Space for Extended Periods

— To Expand our Knowledge of Solar Astronomy
Well Beyond Earth-Based Observations

e Notable Achievements

— First US Space Station

— Three Long Duration Missions

— Highly Successful Solar Observation Program
— First EVA Repair
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The Shuttle Decision

TABLE 0, 1: SPACE TRANSPORTATION SYSTEMS COST SUMMARY 'V

® Reusable Space VehiCleS had been (Millions of Undiscounted 1970 Dollars)
Discussed Since the 1920's Modified NASA and DoD Baseline
514 Space Shuttle Flights (1979-1990) .
— Werner Von Braun and other Space
Pioneers Developed Notional | . . o, TAOS
urrent ew pace Shuttle
Concepts ) Expendable | Expendable and Tug
EXPECTED LAUNCH VEHICLE
. . y CQOSTS
° AeronaUtICS ResearCh In the 1950 S Non-Recurring Costs (FY1972-87) 1,620 2,000 7, 450
and 1960’s Laid the Foundation Recurring Costs (FY1977-1990) 10, 600 8, 760 4, 800
Total Launch Costs 12, 000 11,000 12, 000
 High Cost of Expendable Launch EXPECTED PAYLOAD COSTS
. {SATELLITES)
Systems made Reusable seem like RDTEE (FY1975-1990) 1,000 | 10,600 | 9,0
a Logical Choice Recurring Costs (FY1976-1950) 18, 800 18, 400 12, 700
Total Payload Costs 30, 000 29,000 23,000
o September 1969: President Nixon’s EXPECTED TOTAL SPACE
FPROGRAM COSTS 42,000 40, 000 35,000
Space Task Group Recommends a

Reusable Launch Vehicle

(1) Source: Adapted from Aerospace Corporation and Contractor Data

 January 5, 1972: President Nixon From Economic Analysis of the Space Shuttle

Gives the Go-Ahead for the Shuttle by the Advanced Technology Economics Group
Program at Mathematica, January 31, 1972
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 Objectives

Provide a Low-Cost Economical Space Transportation System

An Operating Mode Geared to Reduce Costs an Order of Magnitude
Below Present Operating Costs

A Flexible Capability to Support a Variety of Payloads and Missions
An Airline-Type Operation for Passengers and Cargo Transport

A Reusable System with High Launch Rate Capability and Short Turn-
Around and Reaction Times
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First Reusable Crew Launch System
Satellite Servicing and Repair
Satellite Capture and Return
EVA Construction Tests

First Free-Flying Astronaut

Numerous Science Experiments
— Spacelab

— Astro-1

— Mid-Deck Science
— efc. vl S

16



Engineering
Cost
Office

Largest Structure ever Built in
Space

and Servicing

108 EVA’s Performed During
Assembly

12.5 Years to Complete On-
Orbit Assembly




Engineering

The International Space Station ) cost

5 Space Agencies

6 Full Time Crew Members
100’s of Experiments
Interior Volume: 13,696 ft3
357.5 Feet Long

Average Power: 84 KW
Mass on Orbit: 861,804 Ib.
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« Budget

« Number of Missions and Flight Rate
 Cost per Crewed Mission

 Cost per Person Day in Space

Person Days in Space = Number of Astronauts *

Total Mission Time (Launch to Landing)

« Example: Gemini IV
— Number of Astronauts: 2

— Total Mission Time: 4 Days, 1 hour, 56 minutes, 12 Seconds
(4.08 Days in Decimal)

— Person Days in Space =2 *4.08 = 8.16
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Heritage Issues

Mercury and Gemini used Existing Ballistic Missiles and
Air Force Launch Facilities

— Mercury: Redstone and Atlas

— Gemini: Titan I

— Vehicles Human Rated at NASA Expense

Apollo Program was Almost all New
— New Launch Vehicles and Facilities
— Human Exploration (Beyond LEO) Capability
— Lunar Lander

Skylab had Extensive Heritage from Apollo

— Used Existing Saturn Launch Vehicles

— Modified Apollo Capsules for Longer Duration Flight

— Saturn V S-1VB Stage used for Orbital Workshop Structure

Space Shuttle used a Mixture of New Flight Hardware
and New, Existing, and Modified Facilities
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Budget by Program (FY12S5B)

$224.061

5212.215

&340 £12.930 I 516.566 I

Total Program Budgets
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Apollo was All New Ground
and Flight Hardware
Systems

Shuttle Flew for 30 Years

Mercury Gemini Apollo Skylah

Shuttle

Mercury & Gemini were
Short-Term, Focused
Programs

Skylab had Significant
Heritage from Apollo

514
512
510
58
56
54
§2
50

Average Annual Budget (FY125B)

< 120

4444444

24823

$2.155 $1.657 I
50.829 .
= | N

Mercury Gemini Apollo Skylab Shuttle
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Shuttle put more
Astronauts in Space
on more Flights than
any other Launch
System in History

Note: Did not Adjust
Shuttle Numbers for
Non-US Astronauts or
Repeat Flyers
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 Shuttle Sustained almost 4.5 Flights per Year from 1981 to 2011

« Gemini was Rapid Development Program to “Catch Up” in the
Space Race and Support Apollo

Average Annual Flight Rate
From First Launch To Last Launch

6.10

Mercury Gemini Apollo + Skylab Shuttle
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“(E‘}ﬂ Cost per Crewed Mission

FY12SB per Mission =>

»20 518,672

518
516
514
512
$10

58
86 $5.522

34
& - $1.293 L 51571
30 I | - . |

Mercury Gemini Apollo Skylah Shuttle

« Mercury was Low Cost but Limited Capability
« Gemini was a Tightly Focused, High Flight Rate Program

 Apollo Architecture Highly Capable and High Cost
— Cost would have Decreased with more Missions

 Skylab had only 3 Missions

» Shuttle Cost per Mission Reflects 30 Year Lifetime and Flight Rate
25
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Shuttle Increased US Human Spaceflight Experience )

by Almost a Factor of 9

From 1961 to 1975, the US Averaged 67 Person Days
In Space per Year

From 1981 to 2011, the Shuttle Program Averaged 278
Person Days in Space per Year

£00.00
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400.00

300.00

200.00
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0.00

= 9,000
Total Person Days in Space 8337
8,000 -

31458 7,000 -

6,000 -
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341.18

4,000 -

3,000 -

2,000 -
80.82

1,000 -

2.25

Mercury Gemini Apolla Skylab Shuttle 26
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N@ﬂ Cost per Person Day in Space

FY12SM per Person Day in Space
1,600 $1,475

$1,400 -

51,200 -

51,000 -

S800 -

$657
$600 - : :

5400 -
5160

[ = e
T T |

Mercury Gemini Apollo Skylab Shuttle

$200 +——

S0 -

e Shuttle was the Lowest Cost to Put One Person in
Space for One Day

« Low Cost of Skylab shows the Value of Heritage and

of a Continuous Orbiting Outpost
27
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— Provided Opportunity for Extensive Human Space Flight
Experience over a Wide Range of Missions

— ISS Construction and Maintenance
— Science Return (Spacelab, HST, etc.)
— Lowest Cost on a per Person Day in Space Basis

« Con
— Failed to Deliver Anticipated Flight Rate and Cost Savings
— Could not Support Human Exploration
— Two Loss of Crew Failures

YES!
Shuttle Expanded Our Knowledge of Human Space Flight for

the Lowest Cost per Astronaut of Any NASA Program
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« Amortize the Development Cost
— Buy it Once and Use it as Long as Possible

 Reusability can Yield Cost Savings
o Carefully Trade Flexibility versus Dedicated System

« Recognize the Experimental Nature (and Associated
High Cost) of Human Space Flight

 Plan in Crew Safety from the Beginning

 Only Promise what You can Deliver
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The Space Shuttle was a Stunning Technical
Achievement and a Major Advancement in Human
Space Flight!
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Backup
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Gemini lll 2 0.20 0.41
Gemini IV 2 4 1 56 12 4.08 8.16
Gemini V 2 22 55 14 7.96 15.91
Gemini VII 2 13 18 25 1 1377 27.55
Gemini VI A 2 1 1 S 24 1.08 2.15
Gemini VIII 2 0 10 41 26 0.45 0.89
Gemini IX-A 2 3 0 20 50 3.01 6.03
Gemini X 2 2 22 46 35 2.85 5.90
Gemini XI 2 2 23 17 8 2.97 5.94
Gemini XI| 2 3 3.94 7.88

m“mmm
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RN
Mercury
Gemini 20 10 80.82
Apollo 36 12 331.81
Skylab 9 3 514.59
Shuttle 8337.53
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Total Program Budgets
(RY$ VS FY129%)

5250

5200

5150

5100

550

50

Budget by Program (FY12SB vs RYSB)

224.061
: $212.215

111.907

53.315 $11.93n$ 24.992 516.566
1.290
50.286 | = | | -31.4111]'
Mercury Gemini Apollo Skylab Shuttle
mBudgets (FY125M)  m Actual Budgets
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Average Annual Flight Rate C

Per Calender Year

5.00
450
2.00 I 1.88
il | . |

Mercury Gemini Apollo + Skylab Shuttle

Average Annual Flight Rate
Per Fiscal Year

5 4.50
4.5

3.5

2.5

1.5

0.5

Gemini Apollo + Skylab Shuttle
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Example Calculations

* Cost per Crewed Mission C.
Formula: Cost per Mission = Total Budget / Number of Crewed
Missions

Example: Gemini
» Total Gemini Budget: $12.930 FY12%$B
» Total # of Crewed Missions: 10
e Cost per Mission = $12.930/ 10 = $1.293 FY12%$B

 Cost per Person Day in Space C

Formula: Person Days in Space = Number of Astronauts * Total
Mission Time (Launch to Landing)
Example: Gemini IV
 Number of Astronauts: 2

e Total Mission Time: 4 Days, 1 hour, 56 minutes, 12 Seconds
(4.08 Days in Decimal)

* Person Days in Space =2 *4.08 = 8.16
36



