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Agenda

* Introduction/Background

« State of Play - Current Launch Situation
« Centers of Gravity

« Requirements

 Options

 Findings and Recommendations

« Summary
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Congressional Tasking

* FY 1994 Defense Authorization Act directed SECDEF to

— Develop a plan

» Establish priorities, goals, and milestones for space launch
modernization for DoD, or if appropriate, the government as
a whole

» Consult with Director of OSTP
— Allocate funds
» $60M for ARPA
— ldentify new launch system requirements (if required)

» Pursue innovative government and industry funding,
management, and acquisition strategies

— Define cost reductions for current launch vehicles

— Study differences between U.S. and foreign space launch
systems
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Terms of Reference
USD(A&T) - 23 Dec 93
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 Purpose
— Study group to address Congressional tasking
— Develop plan to modernize space launch capabilities

- Goals - Decision opportunities
- Objectives - Funding profiles
- Priorities - Milestones
* Products
— Space Launch Modernization Plan (by 31 Mar)
- Requirements - Technology development
- Past Studies - New system development
- Production cost - Innovative funding and management
reduction

— Comparison with foreign systems (by 1 Oct)

- Differences in design, manufacturing, processing,
management, and infrastructure

- Effects on cost, reliability, and operational effectiveness
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Study Process
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Study Organization

Chairman
Lt Gen T.S. Moorman Jr.
Vice-Chairman
Col. Bill Files

Steering Group

Integration &

> Requirements Operations
Environment

Col Chris Waln, (USAF)* Lt Col Pat Beauchamp, (SAF)* Mr Gary Krier, (NASA)

Business & Management
Technical Practices

Dr Dick Weiss, (OSD)* Col Pete Worden, (USAF)*
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Methodology

Assessment
Space Launch -
Modernization Options « Requirements Satisfaction
[ optionn « Cost
[ « Technical Feasibility
. * Risk
Options + Ease of Transition
* Industrial Base
BUR * Policy Impacts
+ Legal Implications
to
New Start(s) Implementation

Considerations

« Timing
» Management
+ Financing

Roadmap . Policy
Civil w/ Options

Critical Attributes

Core Requirements

Military

Intel Commercial

Sensitivity Analysis

Conclusions

Recommendations

“State
of
Play”
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Space Launch Modernization Study Milestones
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State of Play
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DOD Space Economics
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« National Security Budget
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Space Budget is
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NASA Space Economics

* NASA Space Budget
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~ Impact of Launch Funding on Mission
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Investment
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Space Launch Economics

Hardware costs are rising
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Cost Per Pound

"Price" ($M)
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Cost Allocation by Launch System
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Space Launch Operations

* Launch systems “processing” time is high
— Manufacturing has migrated to launch base
* Hardware dominates launch delays
— Hardware instrumentation frequently the source

Days Off Pad Days On Pad

1
Titan IV Spacecraft
18%
Atlas E Boosters .
15%
VAFB_
CCAFS
Titan IV
Delta ll GSE/Facilities Upper Stage
11% 41%
Atlas Il Previous Delays e V SRM
8% WX RNG 2%
' ! 3% 10/°
-150 -100 -50 0 S0 100 150 Source: AFSPC Launch Delay Study
* Nominal processing time by « Hardware dominates launch
system delays
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Space Launch Operations

250
2200

n 150 ~

Dot
s s
SRl

s
aahad

* Includes GPS Reaction Wheel Problem

* Delta is most operable system
* Atlas and Titan launch delays
influenced by
—Flight failures on Titan
and Atlas/Centaur
—-System immaturity - Centaur
development not complete

LR
Po32s:
P
7255
23

53

Nt
R

SR
AN

-Still it takes too long...there’s room 50 ¢ .
for improvement! 0 | E
50 *Scheduled but not yet flown

UNCLASSIFIED 5/18/94 10:33 AM pg 17



UNCLASSIFIED

Space Launch Operation

* U.S. launch on-pad manpower for mature systems roughly
equivalent to foreign systems

* Large “launch” base supports more than space launch
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Launch Systems Manpower Comparison

Range and
lLaunch Base

38% Launch indirect

2%

Launch Indirect
3%

Launch Direct
11%

Launch Direct

10% Host Base
Range and CCAS -- Atlas %%
Launch Base
48% Total Personnel 2380
Host Base
38%
Launch Direct Launch Indirect
. 10% 18%
Kourou -- Ariane 4
Total Personnel 1300
Range and
Launch Base
21%
Notes:
Ariane numbers do not include 900-man French Host Base
Foreign Legion stationed at Kourou 51%
Sources: Arianespace
AFSPACECOM/XPM and 45th Space Wing CCAS --Titan |V
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International Activity

* Percentage of non-government satellites launched by
U.S. boosters has dropped
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Space Launch Management

Defense

—Need new launch vehicle for
cost effectiveness and

Intelligence
~Focus on payloads
— Boosters are just

(n)npzr_abllllt')]/ct ficient in the | transportation §
—Medium lift sufficient in the long || _ . .
term Currently getting the job done

—Heavy lift required for long term

—New system desired, but
—Shuttle syndrome -“Show me”

unaffordable now

D O b A AR A b S

........................................................................................................
R O o e ey e e S DA R VI P o

Civil Commercial
—Human access -- Shuttle —International competitiveness
replacement for cost

—-Government investment
—~Medium lift & smaller
—Low price

~Schedule dependability

effectiveness and safety
—Open the space frontiers
~Space Station resupply
—~Management equity
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Past Initiatives
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$1.73B

$0.49B

$0.12B

$0B

$2.3B

1980
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1990

2000

Paper
Studies

System
Design

New
Technologies

But

No New
Systems
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Space Launch Technology Investment

Declining Technoloqy Investment

$312M total

NASP $60M

MDoD
$600M ~ $570M [JNASA
$435M [ Industry
$400M |- $351M
$200M J
0 —l—v - ,
\_~
FY 92 FY 93 FY 94

Source: CSAF Space Launch Technology Assessment

Conestoga ARPA $50M
opaz o
Pegasus }IW'III'WW
$39M = |l|ﬂ ‘
S | __—I
NASA
$118M

UNCLASSIFIED

$117M
/ >3 B szom

$252M for FY 94

Total
$952k [1 NASA $118M
6.1
| DoD $134M
$17M
6.2 | $92M

$45M Current Core
DoD Technology
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Facts Of Life

 Significant problems exist in today’s systems

- Systems design and program phase determine operability
— Titan still in development
— Marginal return on operations investment

« Current manned and unmanned systems and infrastructure must
be maintained through modernization transition

* Freedom of action is circumscribed by:
— Four space sectors with differing missions
— Many stakeholders with differing objectives
— Declining budgets
— Zero-sum space budgets
— Tyranny of the customers (payload timing, size, and character)
— Availability of technology
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Facts Of Life (Cont’d)

Too many providers - too much production capacity
— Traditional providers unlikely to fund major modernization
.+ Government demand is dominant, but launch rate is dropping
 Commercial medium-class market is not a near term solution
— Market is relatively small, steady, and inelastic
— Effective foreign competition has grown and will continue
« Technology funding is diffuse and declining

— Limited liquid propulsion investment over the last 20 years

« Major investment decisions today bear fruit no earlier than ~2000
— There are no quick fixes

* Foreign policy situation has created exploitable opportunities for
international (especially Russian) cooperation
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Centers of Gravity
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Centers Of Gravity

We Have ldentified

* From a National Points which when pushed upon |}
Perspective on: provide the highest leverage |
— The Environment
— The Opportunities  Production Rate & Stabhility
— The Risks « Reliability

* Technology Availability
» Space Launch Management
* Funding Commitment

Provide a focus for action
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Centers of Gravity for Space Launch

Rate & Stability
— Reduce the costs of launch
~— Maintain production, processing, and operations continuity
— Aid in meeting reliability goals
* Reliability
— Reduce/control costs of failure
* Technology Availability
— Provide foundation for force modernization -- protect options for the future
 Space Launch Management

— Achieve and maintain consensus

— Improve intersector management/coordination mechanisms on technology
and development efforts

* Funding Commitment/Stability
— Plan more effectively
— Move beyond austere upgrades to current systems
— Compete better in the international market place
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Requirements

UNCLASSIFIED



UNCLASSIFIED

U.S. Space Launch Requirements

U.S. Government Mission Model U.S. Commercial Mission Model
[mshuttie OlLarge ELVs  OMedlum ELVs OSmall ELVs | |m shuttie O Large ELVs [0 Medium ELVs 01 Small ELVs |
40 7
b4 25
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3 I g 5 1
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94
Fiscal Year Fiscal Year
Transition Opportunities Launch System Attributes
National Security I ; . ; -
CAPABLE | | OPERABLE | | EcONOMICAL | |RESPONSIVE || MISSION
TRy ETTIree Ev=T? e e SUCCESS
LRV *‘ ALV AV HLV T mLv
=32 | TRy e FRE L0} SRR N
Mﬁfigleessorgits Supportable Lo Qperating Resilient Reliabilty
Civil Launch System  p.iccainable Low Procurement Launch Effective
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N ey Fhwen 0127 Bmra Sustainable ; Low Development Flexible Payload
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> Minimum Lead Times to Transition Return Process
+ Lead Times Vary with Satellite, Payload, and Choice of Vehicle Future Growth
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Options
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Option Descriptions
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« Plans for Current Booster
Systems

— Modifications
— Transitions
* Plans for Option
— Payload weights supported
— Operability Concepts
Reliability Goals
Infrastructure Impacts
— TransitionIssues
* Relation to NASA Efforts

Content

* Sustainment &
Infrastructure

* Product
Improvement

* Technology

* New
Development

* Transition

o~

Cost

* Decision Points
* Program
Phases

* Transition
Points
* ILCs

UNCLASSIFIED

AA

Schedule

* Requirements
Satisfaction

* Cost

* Technical ) M.anagf:ment
Feasibility * Financing

* Risk * Competition

« Ease of
Transition

* Industrial Base

* Policy Impacts

* Legal

Assessment

Implementation Plan

* Decision Points
* Alternative Paths

Roadmap
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Options

* Option 1 -- Baseline - Sustain Existing Systems (FY95
President’s Budget)

* Option 2 -- System Evolution - $1.0 to $2.5B (CY 94%)
 Option 3 -- “Clean Sheet” ELV

- 3A ELV only - $5.0 to $8.0B (CY 94%)

- 3B ELV and manned - $10.0 to $14.0B (CY 94%)

« Option 4 -- Reusable Launch Vehicle - $6.0 to $20B + (CY 949%)

Included in all options:
Strengthen and Focus Core Technologies

Continue Sustainment and Infrastructure Investments
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DoD Core Technology Program

Expendable
Unique

Common

Reusable
Unique

Propulsion

Vehicle

Operations

Low Cost Engine
Storable Propellants
Clean Solid Propellants
Hybrid Propulsion

Low Cost Booster

Upper Stage Propulsion
Russian Engine Test
Simple Pumps
Chambers/injectors
Test Beds
High Energy Fuels

Adaptive GN&C
Al/Li Structures
Composites
Low Cost Mfg
ManTech

Automated Processes
Health Management
Non Destructive
Inspection
Leak Free Joints
Fault Isolation

Linear Aerospike
Advanced Propuision
Preburner
Turbopumps
Tripropellants

Primary Structure
Insulation
Reliable Sensors
CryoTanks
Aerothermo

Recovery/Refurbishment

Total FYDP Unfunded Core Technology Investment $384M (CY94%)

94
$om*

95 96
$45M $89M

97
$86M

98 99
$83M $81M

*Assumes FY 94 ARPA $50M is allocated to Core Technology Program

UNCLASSIFIED
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Space Launch Technology Revitalization

« FY94 - $50M ARPA funding
— DC-X
— Russian engines

— Reusable “long poles” 120 LEnhanced
D ARPA g
— Low cost ELV oo | |mCore ol
- FY 95 - Desired level ~$75M il |
(DoD) s | [ B

— Structures > 80 -
— ELVIRLV propulsion 40 -

» Booster 20 |

» Upper stage

0 A

— Tankage -- Al/Li, composites 3 84 95 e o7 e 8 00

Fiscal Year

— Thermal protection system
— Russian engines

— Launch operations

» Instrumentation &
Diagnostics
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DoD/NASA Technology Coordination

* DoD and NASA need better coordination

— Self-contained and justified programs -- not joint
programs

* Management of reusable technology
— Leader - NASA
— Follower - DoD
— Assign primary DC-X responsibility to NASA in FY95

* DoD leads expendable technology and Russian engine
technology for ELVs
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Option 1 - Sustain Existing Systems
(FY 95 President’s Budget)
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Option 1: Sustain Existing Systems (FY95 PB)

Content Cost (CY94%)

- Maintain existing fleet/capability

Product improvement

— Titan IV/IIl -- Atlas Il -- Delta ll — Heavy: $592M (within budget)
— Shuttle -- RSA -- SLVs « Development
« Austere upgrades — Medium: $294M (within budget)
— Mission enabling * Recurring cost per flight
— Reliability/Safety — Medium: $50 to $125M
— Obsolescence —~ Heavy: $250 to $325M
 Core space launch technology enhanced — Shuttle: $375M
Schedule Management
95 96 87 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13
WY Compettin ¢ * Management

optiont [\ gm——7\ Mewresanm N PP

?"" —Maintain existing infrastructure and
Fly Exising Systems No
[ | programs

9 —No management structure changes
e — DoD/NASA technology coordination

Technology | Core ]

—-NASA leader in reusables

Transition A —DoD leader in expendables

Phase-in
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Option 1 Assessment

UNCLASSIFIED

Pros

—Meets existing requirements
~Minimal investment

—Adequate technology base
Cons

—Marginal improvement in operability and
responsiveness

—High operating cost
(operations/production)

DoD Funding

}
Undeslreable :

Superlor i

,
Z ml:?s
{Blue) e ",,,m

55 ,s::sﬁms' %

Satisfactory
(Green)

Marginal
{Yellow)

{Red)

Requirements Satisfaction

2 g
m:,,,m., ,1,::,";455”579
i

R

R
RERREN

3

G Y
g
%

G

R

AR ER AR
AR

SRR

% m?#; 7

I:I Option Assessment [ Measure of Uncenaln(y

HMFYDP - Baseline

OBaseline Plus Core
Tech

TY SB

94 95 96 97 98

UNCLASSIFIED Fiscal Year

« Cost (Low)

Risks

—Well defined, fully funded programs
—Majority of development work complete

e Schedule (Low)

—Major developmental activities nearly

complete

e Technical (Low)

—~Technical issues understood and plans
in place to correct deficiencies
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Option 2 - Evolved ELV
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Option 2: Evolved ELV

Content Cost (CY94%)

* Fly out currently contracted ELVs

» Consolidate medium/heavy launch families * Total development: $1.0 - $2.58

- Derive from current Delta, Atlas, and Titan * Recurring cost per flight

launchers Medium: $50 - $80M
- “Right Size” payload-launcher Heavy: $100 - $150M
- Phase to MLV/ HLV payload transitions Shuttle: $375M

» Maintain STS for human spaceflight

Schedule Management

95 95 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 e Continue cooperative DoD/NASA techn0|ogy
program

* Form Government-industry partnerships

* Negotiate up-front priced options

* Elicit maximum private capital investment
— A —“Indemnify” contractor up-front investments
Wdow e —~Requires Government “anchor-tenancy”
—Guarantee low-interest loans

—Requires Congressional approval
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Evolved ELV Concept

e Current US space launch systems are built from
diverse and unique components

Titan
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Evolved ELV Concept

e Conceptual evolved ELV family would use common,
standardized components evolved from current
systems

Fairings

Upper
Stages B

Payload §
Interface

>

[C— D
I N B

Boosters

Cores Thrust Augmentation
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Roadmap 2: Evolved ELV

94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 1213

Optl on 2 | study /A\ /A\ Fly Evolved Systems |
- Evolved HLV MLVILC HLVILC
volve
or <>
Titan IV Continue Flying Titan IV |

Continue ELVs or N
fly RLV in 20127 ’

) Demonstrator | { Operations
Opt| on 4 P Reusable Technology ¢ Development """ Production |
Development Decision .
(Medium or Heavy) NASA RLV or Continue Shuttle

| Space Shuttle Operations e - |
Technology | Core Technology--Propulsion, Structures, Operations, . .. |
Infrastructure [ RSA _—— Sustainment |
SLVs [ Commercial Competition ]
External Transition Opportunities
Decision Points MLV | HLV | [ALV] HLV

and Transition

Opportunities SZ] [ NASA shuttle ]

NASA Shuttle Replacement
Decision Point
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Option 2 Assessment

Pros Requirements Satisfaction

— Right-sizes launchers-payloads, industrial : Capable
base, and infrastructure :

Successﬂué Responsive;

Y e tﬂ %o 3o

2 (" 5}5 55555575 ”'5??9’:?»" ””W ?‘M’ijf/«“w R
% ,’? S B A B ” ;” u % ﬂall””uu ””,u”,? Sty 9 LI
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et L A s T STl 97875 551 4352 nu %”».«' ”' 455 555555205 $”§1$$$$5$#$£ :ﬁ;’«iﬂ,ﬁ:ﬁ’#} SR
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3% Ry
z”:“ﬁ#“”% $535455% 4555’%"”%#”;”5"”5
Ada b e e Sooe5L

— Timely improvements for international
competitiveness satisfactory :

(Green)
Cons

— No direct contribution to human spaceflight Marginal

{Yellow)
— Reduced competition within U.S. launch
industry Undesireable :

(Red)
— Limited improvements in production,
reliability, operability

[:] Optlon Assessment Baseline Assessment [ Measure of Uncertainty

DoD Funding Risks

WMFYDP - Baseline
OOption 2 ﬁ

« Cost Low to Moderate
» Medium vehicle competition funded in FYDP
« Varies with implementation

e Schedule Low to Moderate

* Technical Low to Moderate

 Payload “right sizing” may not reduce HLV
maximum weight

TY $B

94 95 96 97 98 99

UNCLASSIFIED Fiscal Year
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Option 2 Annual Launch Rate

W
o
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mag provide resupply
add rate | Titan IV via STS
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Option 2 Cost Per Pound

12K/LB
~__

_Ariane Goa
$8K/LB

Ariane 44L.
Atlas lIA

China and Russia
Trend $4K/LB

T T T I 1 I I 1 I T 1

Payload to GTO (Klbs)
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Option 3: “Clean Sheet” ELV

Content

Cost (CY94$)
» Modular approach for MLV & HLV missions *Total Development:

Option 3A: $5.0 to $8.0B
— 3A: Transition off current ELVs Option 3B: $10.0 to $14.0B

(Includes 3A Costs)
— 3B: Transition off current ELVs & STS

— Reusable PLS for crew transport

*Recurring Cost Per Flight:
-~ Expendable CTV for cargo MLV: $40 to $75M
HLV: $80 to $140M
= Minimum technology maturation required

SS Cargo: $180 to $240M

SS Crew: $130 to $190M
Schedule Management
95 96 97 98 99 00 01 02 03 04 05 06 07 08 » Continue cooperative DoD/NASA technology
Award Award Award First fight  First Night ro ram
Optlon 3A |—1\T/\ \ emmval [A\ EMD {:}/ ‘{3 p g
- - « National priority necessary
Option 38 A
PLs Az A wo—A —Large “Up-Front” investments
Tecnnology | [ | — Contractor cost sharing
— - Potential for third-party financing
Transition m

UNCLASSIFIED
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Option 3 Assessment

Pros

—Right-sizes launchers, industrial base and
infrastructure

—~Increases ELV operability and reliability

—Replaces Shuttle (Option 3B) - improves crew
safety with abort capabilty

—Improves long term commercial
competitiveness

Cons
—Requires large non-recurring cost

—Reduces competition within U.S. launch
industry

—Necessitates change to Space Station logistics
(Option 3B)
—May negate ability to later pursue RLVs

Requirements Satisfaction

& Capable

Successful | Responsive:

%
i
Superlor ;%

(Blue) :

” i ” .

557 A e v P

2 R e N i,

2 R AR tff’rlm-rz;lll/frtfffllttllfrrl/l/tl;ﬂ'/f
2 e e L sty

% R R ]

o ]

Satlsfactory
(Green)

Marginal
{Yellow)

Undesireable
(Red)

D Optlon Assessment % Baseline Assessment [ Measure of Uncertainty

DoD Funding

35 + WMFYDP - Baseline
) OOption 3

TY $B

94 95 96 97 98 99

UNCLASSIFIED Fiscal Year

Risks

e Option 3A
—Cost (Moderate)
Wide range of cost
— Schedule & Technical (Low to Moderate)
Adequate concept studies completed
e Option 3B
— Cost (Moderate to High)

Uncertainty in non-recurring and recurring for
Space Station logistics and experiments

—Schedule (Low to Moderate)
Integration of cargo carrier and hooster
—Technical (Moderate)

Sized for extremely wide range of payloads
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Option 3 Annual Launch Rate

40
35
30
25
20
15

Annual Launch Rate

10 +

UNCLASSIFIED
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| 3B

Space Station
i Resupply
STS Retired

SLV
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R
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Option 3 Cost Per Pound

250 +
2K/LB
200 1 K
Ariane Goal
g 150 1 $8K/LB
(3 "
:Q) I ‘
0 .
o 100 +
50 +
China and Russia
0 - Trend $4K/LB

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Payload to GTO (Klbs)
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Option 4: Reusable Launch Vehicle

Content

» Fully reusable rocket powered launch vehicle
—Transitions off Shuttle and medium ELVs
—Potentially transitions off of HLV
—Carries passengers and returns cargo

« Incremental implementation provides at
decision opportunities

—First phase technology maturation

Cost (CY94$)
« Technology/Demonstration = $0.6 -$ 0.9 B
» Development: $6 - $20 B +
* Production: $2.5 - $10.5 B (Four vehicle fleet)

« Annual Ops Cost = $0.5-$1.5B
— Cost per flight = $13 - $39M +Upper Stage

focused
—Concept exploration in parallel with
technology
Schedule Management
» Continue cooperative DoD/NASA technology
PR 1T 8% of 0] 01 o JJn]r M BB %1

Decision Development Start Production Start  $TS Phascout Start

Points oo

Technology

Development/ CE DemVel ~” Development Preduction
Production

Operatlons

Transition

Oenwatias [

(11 ]
Windows I N M

===

UNCLASSIFIED

program

» Consider chartering a Government-mandated,
U.S. launch corporation

—Public and private financing
—Government and contractor cost sharing

* Reusable launch vehicles could ignite a
commercial space boom -- IF costs can bhe
decreased by a factor of ten
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Option 4 Assessment

Pros
-~ Stimulates U.S. space technology

— Right sizes launcher, industrial base and
infrastructure

— Substantially reduces operational costs
—Increases operability, reliability and safety

— Improves long term international
competitiveness

Cons
— Requires high non-recurring cost

— Reduces competitiveness within U.S. launch
industry

— Requires significant technology maturation

Requirements Satisfaction

Undesireable
(Red

[:l Option Assessment £ Baseline Assessment [ Measure of Uncertainty

DoD Funding
4

3.5 ¢
3 |

BFYDP - Baseline
OOption 4

25 ¢
2 |
1.5 1
1
0.5 1
0

TY B

94 95 96 97 98 99

Fiscal Year

UNCLASSIFIED

Risks

e Technical (Moderate to High)

- Integration of propulsion/airframe

- Demonstration of reusability/operability
+ Cost (Moderate to High)

- Very wide range in cost
» Schedule (Moderate to High)

- Highly technology dependent

- Success oriented schedule
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Option 4 Annual Launch Rate

35 1 Medium/Heavy
Medium STS, Titan Retired
30 +
o i Includes
5 | Space Station
= 25 T Resupply
2 STS Retired
s 20 +
!
T .. [SLY
g 15 -ﬁzz%’;zz;z;afsii
<
T T
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Weight to LEO
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Option 4 Cost Per Pound

Titan IV
16K/LLB
250 T $ ﬂ g
200 + N §12KILB
. Ariane Goal
= 150 + $8K/LB
®©
5 Ariane 5
0
.
o 100 +
v.:.'i:wM"”'
50 .+ Based on Annual Ops
Cost of $0.5B - $1.5B
China and Russia 32 & 34 flights/year
Trend $4K/LB plus upper stages
o ++—+—-+—+—+—+—+—+—+—t++++—+—+—+++++r++—+—++—t+—————t—————

01 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Payload to GTO (Klbs)
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Option Comparisons

Options

(1) Sustain Existing Systems

* Incremental improvements
(2) Evolved ELV ($1-2.5B)

- -Consolidates existing ELVs

+ Reduces outyear launch costs
(3) Clean Sheet ($5-8B)

« New ELV (family)

» Achieve high reliability/low cost
(4) Reusable ($6-20B)

» Replace ELVs

Funding Above FYDP
(TY$M)

Fiscal Year

94 95 96 97 98 99 Total
Option1 0 46 94 94 93 94 421
Option2 0 46 147 212 399 464 1268
Option3 0 56 189 228 507 709 1630
Option4 0 98 147 367 541 442 1594

Cash Flow Comparisons

(DoD Only)
6 ~——— Option
5 =y = Optien
/ = open
4 , Voo e

94 98 02 06 10 14 18 2 2% 30

Payback Comparison
(DOD Only)

751 Opt 2: Transition off Titan IV 2007, P/B 2011

preen

Opt 3: Transition off Titan IV 2007, P/B 2022
Opt 4: Transition off Titan IV 2012, P/B beyond 2030
80 T -
a -~ .- o
< e 7 - ot -
s . e
~ ’ "ﬂ
2! :;:{/ =
0 g e A —— A — o e b b
94 98 02 06 10 14 18 2

Fiscal Year

Discounted at 2.8% 5118/94

26 30
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Option 2 Payback
(DoD Only)

40—-
—qxion1 | ’Eeézé;ﬂi:i_: ol
= =QOption 2 |

Payback
CYH $B 20 + 2011
ﬁf Transition
T4st FI off
R4 ;ooot Titan IV
/ 2007
§§5§5§5/
g |
0 —+———+——t

A 98 02 06 10 14 18 22 26 30

Fiscal Year
Discounted at 2.8%
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Option 3 Payback
(DoD Only)

CY94$B25 1
Payback
2022

10 14 18 22 26 30

Fiscal Year
Discounted at 2.8%
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Option 4 Payback
(DoD Only)

75 1

e Opotion 1
- — qxi ond

CY94 $B /;E;EE ’3:‘5:5:;

// /T Payback beyond 2030

ransition

off S
1st FIt  Titan IV
.l 2007 2012

A 98 02 06 10 14 18 22 26 30
Discounted at 2.8% Fiscal Year
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Findings and Recommendations

Finding

 Fundamental Industry Drivers 1-4

Critical Drivers of Cost, Capability, or Operations 5-9

Special Focus Areas 10 - 13

Current Operations Enhancements 14 - 15
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Findings and Recommendations
Fundamental Industry Drivers

* Finding

— As a result of decreasing requirements and multiple ELV
families (Titan, Atlas, Delta), excess production and
processing capacity exists within the space launch
industry

» Titan requirements
* 1989: 10/yr
* 1994: 3lyr

» No single provider has launch rate greater than 9/yr
« Recommendation

— A major objective of future modernization efforts should
be to reduce industrial overhead and niche capabilities

UNCLASSIFIED
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Findings and Recommendations
Fundamental Industry Drivers

* Finding

— Industry is unwilling to fund major space launch
modernization alone, but private “up front” investment
may be available given U.S. Government guarantees

 Recommendation

— DoD should pursue innovative incentives to encourage
private and industrial investment in space launch
modernization

» Innovative financing -- e.g. loan guarantees, tax incentives,
government indemnification

» Anchor tenancy -- guaranteed minimum launch rates and
prices

» Government-industry partnerships
» May require special legislation
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Findings and Recommendations
Fundamental Industry Drivers

* Finding
— Heavy lift is required for the foreseeable future
» Driven by user requirements and current technology (booster
and spacecraft)

 Recommendation

— In the near term,
» DoD must continue and improve heavy lift capability

— In the longer term,

» If launch cost considerations continue to dominate, DoD should
review and revalidate its intelligence requirements (operational
and S&T) which drive heavy lift

» NRO should continue to examine advanced spacecraft
technologies which could provide major reduction in
size/weight
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Findings and Recommendations
Fundamental Industry Drivers

 Finding

— Opportunities for payload-booster transition are currently
not fully coordinated to maximize the cost benefit to the
Government

 Recommendation

— If a new or evolved space launch system is pursued, the
initial launch capability (ILC) should be planned to
coincide with anticipated payload block changes and/or
new starts

» Windows of opportunity
* Medium lift: 2003 - 2005
« Heavy lift: 2005 - 2007, 2009, 2011 - 2013
» Shuttle: 2006 - 2010
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Findings and Recommendations
Critical Drivers of Cost, Capability, or Operations

* Finding
— Increased cost of failure demands an increased emphasis
on improved reliability
» 1984 - 1988: ELV hardware/spacecraft losses $1.4 B
» 1989 - 1993: ELV hardware/spacecraft losses $1.7 B

« Recommendation
— Support and sustain funding for launch system and
infrastructure reliability improvements

» Fault tree and failure mode analysis and improved process
control for all launch systems

» Improved instrumentation to enable data collection and
supporting analysis
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Findings and Recommendations
Critical Drivers of Cost, Capability, or Operations

 Finding
— Operations costs per launch for Titan IV are significant
and rising
» 1989: $34M (CY94%)
» 1994: $54M
» 1999: $72M

« Recommendation

— Aggressively restructure and streamline Titan launch
base operations to reduce current and future operations
costs

» Launch crew sizing
» Pad requirements
» Work structure
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Findings and Recommendations
Critical Drivers of Cost, Capability, or Operations

 Findings
— A cross-sector process to collect, coordinate, and
consolidate requirements does not exist
» Definition of “requirement” varies by sector
» No single forum for coordination

 Recommendation

— Institutionalize a process to gain and sustain community
agreement on requirements and associated metrics

» Performance, sustainability, reliability, and cost-
effectiveness must be balanced
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Findings and Recommendations
Critical Drivers of Cost, Capability, or Operations

 Finding

— The DoD core space launch technology program is
significantly underfunded and externally constrained --
this has hindered the opportunities for space launch
modernization

» Big programs lead to boom and bust (ALS, NLS, NASP)
» Rocket propulsion -- past emphasis on performance vice
cost

e Recommendation

— Increase funding for a core space launch technology
program as an enabler to future investment

» Allocate the FY94 ARPA $50 M to the Air Force for
execution -- consistent with Congressional guidance
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Findings and Recommendations
Critical Drivers of Cost, Capability, or Operations

 Finding

— Air Force launch base operations are constrained by
antiquated and unsupportable ground systems and
facilities

» Some Range systems average 3 failures per mission
» Range caused 22 delays on 16 Delta missions (Feb 92-Sep93)

* Recommendation

— Continue funding Range Standardization and Automation
and launch base infrastructure improvement programs
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Findings and Recommendations
Special Focus Areas

* Finding
— A detailed understanding of Russian engine technology
can potentially lead to reduced cost for modernization
» Improved performance, robust margins, proven ruggedness

» Foreign policy and dependency implications
« Recommendation

— DOD should lead and fund a cooperative effort, including
NASA and industry, to investigate the use of Russian
engines/technology in future ELVs

» Prime candidate : RD-170 engine
» Air Force execute a near term test and inspection program
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Findings and Recommendations
Special Focus Areas

 Finding

— There exists general consensus on the potential benefits
of a new reusable system; widely divergent views on
timing, approach, cost, and risk

« Recommendation

— Pursue a cooperative DoD/NASA technology maturation
effort which includes experimental flight demonstrations
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Findings and Recommendations
Special Focus Areas

 Finding

— DoD and NASA space launch program coordination
needs to be improved

» Recommendation
— Assign DoD the lead role in expendable launch vehicles
and NASA the lead in reusables

» Each agency manages and funds efforts within their
respective responsibilities

» Maintain top level oversight and coordination -- e.g.
Aeronautics and Astronautics Coordination Board (AACB)
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Findings and Recommendations
Special Focus Areas

 Finding

— Small launch vehicle market is uncertain, but could be a
major growth area -- key is development of distributed
communications and sensor systems

» Low altitude comsats may demonstrate viability of the
concept

» Brilliant Eyes may be DoD analog for sensors
- Recommendation

— DoD continue to monitor the development of this market
» Let commercial market forces function
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Findings and Recommendations
Current Operations Enhancements

Finding
— Substantial data on DoD launch operations exists,

however, the information is difficult to access and use
effectively

Recommendation

— Establish a standardized program for metrics, data
collection, and supporting analysis
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Findings and Recommendations
Current Operations Enhancements

 Finding
— There is a lack of standardization within the Air Force
space launch systems and operations
« Recommendation

— Develop standardized procedures, systems, interfaces,
processes, and infrastructure

» Define standards and implement through a program
involving launch wings, System Program Offices and NASA

UNCLASSIFIED
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Pushing On The Centers Of Gravity

Centers of Rate & Reliability | Technology | Management | Funding
Recommendations ety Stability Availability Stability

Downsize Industry V4 v

Incentivize Investment v v

Continue Heavy Lift v
Review Heavy Lift Rqts v

Examine Lightweight Tech v
Introduce LV in Trans Window Ve
Improve Reliability S J

Reduce Titan IV Launch 4
Operations Costs

Institutionalize Cross Sector V4
Rqts Process

Increase Core Tech $ Ve
Fund RSA & Infrastructure
Investigate Russian Eng
Pursue RLV Tech
Coordinate via AACB
Leader/Follower on ELV/RLV
Monitor Small LV Development o ?

NS

SIS

SISISNIS

<

Standardize Launch Ops data

Develop Standard Procedures
& Hardware

N
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Summary
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Briefing Schedule

« 29 March Mr Deutch o 27 April OoMB

« 7 April Air Force SAB « 28 April USD (A&T)

11 April SAF/AQ, AF/PE » 28 April ASD (SR&R)

11 April Study Group « 10 May COMSTAC

« 12 April JCS (DJS and J-3) « 10 May Industry CEOs

12 April OSD Staff 11 May USSPACECOM

- 18 April NASA and OSTP - 17 May - Congressional Staffers
« 21 April General McPeak . May Defense Science Board
« 21 April JROC . May Industry Reps/Groups
e 22 April SMC « 8 June NSIA
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Summary

Space Launch Modernization Plan answers Congressional tasking

* Develop a plan with roadmap(s)

 Consult with OSTP

* Recommend allocation of FY94 ARPA funds
 ldentify launch system requirements

* Define cost reduction for current launch systems

* Study differences between U.S. and foreign launch systems
— Provided a foundation for the 1 October report

SN SSSS
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