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Mission Applications of Asteroid 
Resources


•  Lunar Orbital Outpost 

–  Established in Lunar Distant Retrograde Orbit (LDRO) and operated for life 

of scenario

•  Human Near Earth Object (NEO) Exploration


–  Focused on crewed missions to a variety of small (10 m class) targets !
(five 14 month missions)


•  Lunar Surface Operations (LSO)

–  Establishment and operate a lunar surface base (two crewed and two 

cargo lander per year)

•  Mars Exploration


–  Four crewed exploration mission to Deimos crewed Mars landing

–  Return missions could lead to establishment of Deimos or surface base, 

but not covered in the version of this scenario presented


•  LEO to GEO commercial satellite transportation

•  Cislunar Tourism

•  Other
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It is About Public Private Partnership


  Total Cost $B
 Savings $B
 Comments


NASA Business As Usual, 
Supply From Earth
 >400
 0
 Unaffordable: requires doubling the 

NASA Budget


Commercial Business 
Practices, Supply From 
Earth


~300
 ~90




Unaffordable: requires > 50% 
increase in NASA Budget


NASA Business As Usual, 
Asteroid Resources
 ~150
 ~250
 Marginal, Requires ≈ 30% increase 

in NASA budget


Commercial Business 
Practices, Asteroid 
Resources


~95
 ~305


Affordable, Average NASA Human 
Exploration Budget ≈$6B Annually, 
Fits Within Congressional 
Guidelines for HEOMD.  

Required: Major Shift to PPP for Deep 
Space Transportation Plus Massive ISRU




Sutter Survey:

Space Mission Roadmap to Prospecting 

Thousands of Asteroids !
!
!
!
!
!
!
!

NASA NIAC Study
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Key Findings 
-  ≈1,000 low ∆V targets (only a few found!) 
-  Population goes as cube of ∆V 
-  Water rich targets tend to be smaller 
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Sutter is the Solution…


Sutter Demo 

Sutter 

Sutter Extreme 
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Sutter Demo

A CubeSat Scale Technology 

Demonstration Mission


Competatively Selected by NASA for a $2.5M Flight Mission 
(Theia) 

Issues With NASA Budget and Contract Negociation 
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Sutter Survey: Telescope Breakthrough Enables 
Microsats to Map Accessible NEOs 

Organization: TransAstra Corporation  

PI: Joel C. Sercel. PhD    
Problem: Existing and planned asteroid surveys can not 
efficiently map and characterize sub-100 meter diameter 
NEOs for planetary defense, science, exploration planning or 
for their use as In-Situ Resource Utilization (ISRU) materials to 
support human exploration of deep space.
Innovation: Named for Sutter's Mill which set off the 
California gold rush, the Sutter Survey is based on a powerful 
new innovation in telescope design called Compound 
Synthetic Tracking (CST). CST exploits new developments in 
COTS optics, CMOS sensors,
and flight qualifiable FPGAs. 
Combined with CubeSat parts
and optical communications,
CST enables small, cheap
spacecraft to perform like $B
observatories.

Potential: Sutter Survey
provides breakthrough NEO
discovery and characterize-
ation rates of over 4,000 five
to ten meter scale objects
and thousands of tons of 
potential ISRU resources
per year.
Benefits: This study will: 
1) Profoundly effect NASA's planning for NEO mapping and 
characterization for science and planetary defense;
2) Provide the details needed to confidently plan a new low 
cost CubeSat mission of NEO discovery and science.
3) Pave the way for the discovery of large numbers of NEOs 
for human exploration and asteroid ISRU.

Study Approach: 
Three experienced and expert innovators will collaborate to:
1) Perform technological, scientific, and engineering 
optimization and characterization of the Sutter Survey 
mission 
2) Develop a technology roadmap to enable the Sutter 
Survey mission including design of a Phase 2 NIAC to build 
and test a full scale ground prototype CST telescope.
3) Complete detailed engineering and test of a sub-unit of 
                                                    the CST telescope and 
                                                    perform a proof-of-concept 
                                                    demonstration by 
                                                    integration with existing 
                                                    astronomical facilities at 
                                                    University of Hawaii 
                                                    Institute for Astronomy

Notes:

Sutter Survey - Telescope Breakthrough
Enables MicroSats To Map Accessible NEOs 

3 Micro-Spacecraft In Heliocentric Orbits 
at 0.95 AU Map Targets for Exploration, 

Science, and Planetary Defense

30 deg2 FOV: Each Spacecraft 
Finds > 500 NEOs Per Year

Compound Synthetic Tracking (CST) Optics Derived from 
Commercial Components (Four 14 cm Apertures Each) 

CubeSat Components and Simple Optical Communications 
Enable ≈ 60 kg Highly Capable Spacecraft 

< 100 Watts With Small 
Integrated 

Monopropellant System

- ii -
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Thermal Spalling: Key to Optical Mining™
Optical Mining™ of Asteroids, Moons, and Planets for Human Exploration and Industry

Submitter: TransAstra Corporation                                                 PI: Joel C. Sercel, PhD

Phase II work we will use all the major components of that light source for the rapid and 
cost effective maturation of Optical Mining™ technology in a system we refer to as the 
Optical Mining™ Test Bed (OMTB). 

Demonstration of Optical Mining™: The goal of the experimental effort was to perform a 
large scale  (≈10  kW  optical) demonstration of Optical Mining™ on a kilogram scale 
sample of a high 
fide l i ty astero id 
simulant to show 
that Optical Mining™ 
can be used to 
e x c a v a t e l a r g e 
rocks in vacuum 
without the use of 
physical digging 
equipment and to 
obtain pract ical 
i n s i g h t s i n t o 
Optical Mining™ 
paving the way for 
f u r t h e r 
t e c h n o l o g i c a l 
maturation. This 
d e m o n s t r a t i o n 

TransAstra Corporation - !  -3 Proprietary Information

Fig. 3: Before and After A Single Simulant from Full Scale Optical Mining™ 

Fig. 2 - Understanding Optical Excavation Gained From Analytical Modeling and Experimentation
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Optical Mining™


Low Pressure 
Partially-Sealed 

Containment Bag

Growing 
Excavated 

Cavity

Flexible Protective Boot 
Contains Debris and 
Reflected Radiation 

 Rigidized Torus Primary Reflective 
Surface Doubles as 

Sun Shield

Inflatable, Passively-Cooled 
Cryopump and 2nd Surface 

Ice Storage Bag

Transparent 
Front Surface 
of Lenticular 

Structure

Stinger-Reflector Stowed Containment Housing, 
Optical Louver Light-Power Flux Regulator, and 

Winston Cone Not Shown

Port with 
Sleeve Joint

Path of 
Sunlight

Telescoping Penetrator 
With Light Tube

Inflatable 
Sun Shield

Secondary 
Reflector

Solar Thermal 
Rocket (STR) 
Thruster

Thin Film 
Containment 
Bag at ≈10-4 

Encapsulated Asteroid
(Restraint Net Not Shown)

Fig. 1a: Optical Mining Starts With Asteroid 
Capture and Despin

Fig. 1b: Excavation by Spalling and 
Outgassing

Fig. 1c: Volatile Products Stored 
as Ice
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Optical Mining™
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Honey Bee Robotic Asteroid Capture for 
ISRU Resource Return




But First 
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Mini Bee Tech Demo Mission: Launch On A 
SmallSat Launcher (eg Launcher One)
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Mini Bee Separation
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Synthetic Asteroid and Structures 
Deployment
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Synthetic Asteroid Capture and Optical 
Mining Demonstraton
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Demonstration of Solar Thermal Rocket 
Maneuvering With Mined Propellant




Before That 
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Optical Mining Experiment Module 
(OMEM)
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OMEM Interior Cutaway
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OMEM Inflatable Deployment
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OMEM Optical Mining Demonstration
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Inflatable Structure Separation and 
Deployment
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First Space Asteroid Mining!


Module and Mined 
Water Return to 
Earth on Dragon




But First 
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The Next Step…!
The Optical Mining™ Test Bed (OMTB)


Optical Mining™ of Asteroids, Moons, and Planets for Human Exploration and Industry

Submitter: TransAstra Corporation                                                 PI: Joel C. Sercel, PhD
estimate that this will require about 
two months of calendar time for 
Dr. Sercel working a day a week to 
complete.  

Prior to initiating full scale long 
duration Optical Mining™ tests 
and demonstrations in our Phase II 
NIAC work we wil l need to 
construct the OMTB. We have 
completed a preliminary design of 
this system to the level of all major 
component selections and layouts 
based on past designs for solar 
simulators, IMAX projectors, and 
high intensity light sources. An 
artist concept of the layout we have chosen for this system is provided in Fig. 11 as it will 
be assembled and tested in the laboratory at the CSR at CSM. A detailed listing of the 
required components and their costs is provided in the cost section of this proposal. 

The core of the illumination system will be the Superior Quartz SX32000D high pressure 
short arc xenon lamp. This device is the highest rated power level light bulb made in the 
world today. It can operate at up to 32 kW input DC power at a max current of 700 amps 
and 45 volts in normal conditions. A photograph and a drawing of the bulb is provided in 
Fig. 12. Another key feature of the OMTB is the OptiForm E1585 high temperature elliptical 
reflector. This nickel reflector is from a line of reflectors made by OptiForm and used 

TransAstra Corporation - !  -9 Proprietary Information
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Builds on Complete Theory and Dozens of Demonstrations




Reusable Spaceship Upper Stage
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 Bottom View
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Lunar Orbital Outpost Build Sequence (1)
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Lunar Orbital Outpost Build Sequence (2)
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Lunar Orbital Outpost Build Sequence (3)
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Lunar Orbital Outpost Build Sequence (4)
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Lunar Orbital Outpost Build Sequence (5)




- 37 -


Lunar Orbital Outpost Build Sequence (6)


Propellant 
Processing Begins 
When the Outpost 

is Completed
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Operational Lunar Orbital Outpost

NEO or Mars 

Exploration Vehicle 
Departing


Honey BeeTM 
Delivering Asteroid 

ISRU Ices


Reusable 
Spaceship Arriving 

From Earth




Solar Arrays In Near-
Perpetual Sunlight 

Supported By Deployable 
Masts In the Lunar Gravity

Altitude to Nearly 
Continuous Sunlight ≈100 m 

RGD Rovers Mine Water 
Without Excavation

Crater Floor Permafrost Preserved in 
Cold Darkness for Billions of Years

Water Storage Facility 
Behind Berm Near Pad 
for Propellant Transport

Lunar Gas Mining Outpost (LGMO) 
in 1 km Polar Crater 

Outpost Habitats and 
Laboratories

Landing Pad Behind Berm 
To Protect Facilities From 

Rocket Plume

(3D Scale Model with Ray Traced Solar Illumination)
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Mars Exploration Systems at Deimos
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TransAstra Minimum Business Case: !
Summary of Costs and Revenues
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Business Case: !
Transportation Service Price Analysis


•  Propellant cost based on:

–  Honey Bee™ Unit Cost: 174 M$ (DDT&E TFU=$1.7B)

–  Honey Bee™ lifetime: 10 years

–  Honey Bee™ lifetime number of trips: 7

–  Replacement Asteroid Capture System (each): 20 M$


•  6 will be required over the lifetime.

–  Replacement Inflatable Systems (each): 10 M$


•  2 will be required over the lifetime

–  Initial Launch Cost: 63 M$ (Falcon 9)

–  Mass returned per trip:  100,000 kg on average

–  Average Propellant production from Mass returned: 60,000 kg

–  Total Lifetime Propellant production: 420 MT

–  Honey Bee™ lifetime costs: 174 + 120 +20 +63 = 377 M$

–  377/420 = 748 $/kg Propellant Cost

–  Price is 748 $/kg + 20% or 897 $/kg 


Cost to LEO would be $3,000/kg, Cost to LDRO would be $12,000/kg
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Space Tourism Market: 
Very High Net Worth People
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Lunar Tourism Market Projection
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TransAstra Projected Market Cap  
Based on Five Year Forward PE 10:1
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Connect


sercel@transastracorp.com






Joel C. Sercel, PhD




(818) 422-0514



