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Background 
 Simulant Development has been on-going by several groups at various levels since 

1960s 

•  Much knowledge has been gleaned and a rich lunar geology heritage exists 

 Simulant Development is complex for several reasons 

  Since the regolith is not totally characterized, a range of opinions can be found about 
importance or effect or replication etc. of particular properties for simulant purposes        

 After the VSE Policy was established, the Simulant Development, Characterization, 
and Production effort began for the Constellation Project  

•  Initially funded by ETDPO/ISRU 

•  After Dust Management Project was formulated, Dust simulants funded by ETDPO/
DMP 

•   Now ALL simulant types funded under Dust Project 

 Several Simulant Workshops have been held with Simulant Users, Simulant 
Developers, and Lunar Geology/Science Experts  

 A Regolith/Simulant Survey exists which is the tool to request Simulants through NASA 
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Simulant Myth Busters 
Myth: 

•  There will be a “one-size-fits-all” simulant. 

Fact: 

•  The Simulant Team is developing multiple types of simulants based on regolith properties 
which also includes specific “designer” simulants to meet users’ applications. 

Myth: 

•  We know everything we need to know about regolith to make simulants. 

Fact: 

•  Despite years of Apollo sample studies, Clementine, Prospector, Surveyor etc. data, 
there is still much we don’t know about the regolith and its behavior (particularly, in the 
dust size range).   

 Myth: 

•  We can develop simulants that exactly replicate the regolith. 

Fact: 

•  Even if we understood everything about regolith and its behavior,  we will never be able 
to make an exact copy of the regolith and its behavior due to having to use Earth 
materials and there is no test bed on Earth that can duplicate the lunar environment.   

Risks cannot be totally eliminated by using lunar simulants! 



Importance of Lunar Simulants 

•  Regolith will interact in some way with everything that touches the lunar surface 

•  Based on Apollo experience, we know regolith plays a big role in mission 
success but unknowns still exist regarding the regolith 

•  Regolith has positive and negative attributes: 

•  Positive – In Situ Resources 
•  Negative – Dust 

•  Demand vs. Supply of actual lunar samples 

•  381.7 kg (841.5 lbs) of lunar regolith (rocks and loose regolith) were brought 
back to Earth 

•  Regolith substitutes are needed 
•  Regolith varies depending on the region of the moon so there is a need for 

multiple types of simulants (dependent also on user’s applications)  

•  Users have already achieved benefits using simulants 

Simulants are Tools for Risk Reduction and Technology Advancement 



Simulant Customers and Needs 

•  Regolith and/or simulants needed for Technology Development, Hardware 
Testing/Verification and Certification, Human Health Research, and 
Education/Public Outreach 

•  Roadmaps and Infusion Points drive schedule dates 

•  Received 28 Simulant Survey responses from Constellation, Exploration 
Technology Development Program (ETDP) Projects, Human Health, SBIRs, 
and Internationals 

•  ETDP Projects: Dust, ISRU, EVA, AEMC, ELS, FDPS, AEMC, TCS, Robotic 
Mobility, Regolith Operations, … 

•  CxP Projects: Lunar Surface Systems (LSS), EVA, Altair, Habitation …  

•  Expect more requests from Simulant users  



Lunar Simulant Requests Quantities by Year 
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Simulant Customers and Needs (Cont.) 



Simulant Customers and Needs (Cont.) 
Users’ Simulant Demands to Date by Application 



Simulant Customers and Needs (Cont.) 
Characteristics Ranked as Important  
by 50% or More of the Simulant Users 

Ref: User Simulant Survey Responses (28) 



Types of Lunar Simulants & Recommendations 
Family of Lunar Regolith Simulants 

•  Multiple 
Simulants 
produced 

•  JSC-1 
(Mare Type) 
-  Glass 
-  Geotechnical prop 
-  Not the best    
  composition 

•  MLS-1 
(Mare Type)  
- Good Composition   
 (High Titanium) 
-  Lacked good     
  geotechnical prop 

1993 Pre/Post-Apollo 

Depleted 

Vision for 
Space Exp 

2005 2007 

FJS-1 OB-1 

•  JSC-1A 
 (Close 
replica       
  of JSC-1) 
- Produced for    
  MSFC by 
Orbitec    
  (SBIR Phase   
    III)  

•  NU-LHT-1M 
(Med) Pilot 
(Highland 
Type) 
-  Developed by    
-  MSFC / USGS 
-  Mineralogy 
-  Chemistry 
-  Geotechnical 

Lunar Architecture 
Studies …        

2004 2006 

Event Drivers: 

International Simulants: 

NU-LHT: 
NASA/USGS 
Lunar Highland Type Simulant 

2008 2009 

•  NU-LHT-2M, 
-2C, & -1D 
(Med, Coarse, 
and Dust)  
Prototypes 
(Highland Type) 
-  Developed by    
   MSFC / USGS 
-  Mineralogy 
-  Chemistry 
-  Geotechnical 

…. 

Chenobi CAS-1 



A Lunar Regolith Simulant – JSC-1A 

JSC-1A Lunar Regolith Simulant (Mare/Hybrid Type) 



A Lunar Regolith Simulant – Highland Type  
NU-LHT-2M 

NU-LHT-2M Lunar Regolith Simulant 
NASA/United States Geological Survey Lunar Highland Type Simulant -2 Medium (M) 
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A Lunar Regolith Dust Simulant – Highland Type  
NU-LHT-1D 



Excavation and Pourability 
(Simulant “Fit-for-Purpose” User Matrix)  
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NU-LHT-1M recommended: it has been demonstrated that pseudo-agglutinates affect 
geomechanical behavior that may be important to excavation 

NU-LHT-2M recommended: it has been demonstrated that pseudo-agglutinates affect 
geomechanical behavior that may be important to excavation 

NU-LHT-1D not recommended: unrealistically fine PSD 

OB-1 
recommended: best PSD at coarse end; lack of lithic fragments or pseudo-
agglutinates may affect flowability or angle of repose -- this should be 
examined 

JSC-1, -1A recommended: relatively angular particles, reasonable PSD 

JSC-1AF not recommended: unrealistically fine PSD 

FJS-1 recommended: low-g tests show it has a high angle of repose; relatively 
angular particles, reasonable PSD 

MLS-1 (with 
glass) 

not recommended: relatively poor PSD; shape distribution is skewed 
towards well-rounded particles 



Drilling 
 (Simulant “Fit-for-Purpose” User Matrix)  
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NU-LHT-1M recommended: fidelity to mineral and glass% should yield appropriate 
abrasiveness; presence of pseudo-agglutinates may aid fidelity to regolith 

NU-LHT-2M recommended: fidelity to mineral and glass% should yield appropriate 
abrasiveness; presence of pseudo-agglutinates may aid fidelity to regolith 

NU-LHT-1D not recommended: unrealistically fine PSD 

OB-1 most recommended: fidelity to mineral and glass% should yield 
appropriate abrasiveness; best PSD for coarse fractions 

JSC-1, -1A recommended with reservations: uncertain but probably reasonable 
fidelity to highland abrasiveness 

JSC-1AF not recommended: unrealistically fine PSD 

FJS-1 recommended with reservations: uncertain but probably reasonable 
fidelity to highland abrasiveness, low glass 

MLS-1 (with 
glass) 

not recommended: high pyroxene/plagioclase may adversely affect 
particle cleavage behavior; rounded grains 



Abrasion and Wear 
 (Simulant “Fit-for-Purpose” User Matrix)  
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NU-LHT-1M recommended: fidelity to mineral and glass% should yield appropriate 
abrasiveness; presence of pseudo-agglutinates may aid fidelity to regolith 

NU-LHT-2M recommended: fidelity to mineral and glass% should yield appropriate 
abrasiveness; presence of pseudo-agglutinates may aid fidelity to regolith 

NU-LHT-1D recommended with reservations: unrealistically fine PSD for many uses 

OB-1 most recommended: fidelity to mineral and glass% should yield 
appropriate abrasiveness; best PSD for coarse fractions 

JSC-1, -1A recommended with reservations: uncertain but probably reasonable 
fidelity to highland abrasiveness 

JSC-1AF recommended with reservations: unrealistically fine PSD for many uses 

FJS-1 recommended with reservations: uncertain but probably reasonable 
fidelity to highland abrasiveness, low glass 

MLS-1 (with 
glass) 

not recommended: high pyroxene/plagioclase may adversely affect 
particle cleavage behavior; rounded grains 



Oxygen Production 
 (Simulant “Fit-for-Purpose” User Matrix)  
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NU-LHT-1M 
recommended for highlands: chemistry: slightly low FeO relative to lunar 
reference (~4 vs. 5 wt.%), but significantly closer than other simulants; mineralogy: 
contains ilmenite; high Fe in silicates relative to reference, which will slow reduction 

NU-LHT-2M 

most recommended for highlands: chemistry: slightly low FeO relative to lunar 
reference (~4 vs. 5 wt.%), but significantly closer than other simulants; mineralogy: 
contains ilmenite, phosphates and sulfides, the presence of which are realistic but 
possibly hazardous to ISRU processes; high Fe in silicates relative to reference, which 
will slow reduction 

NU-LHT-1D recommended for highlands: should be similar to NU-LHT-1M, but possibly with 
lower FeO 

OB-1 not recommended: it is expected that the abundance of Fe-rich glass will result in 
unrealistically high oxygen yields per energy input; no glass analyses are available 

JSC-1, -1A 
recommended with reservations: chemistry: FeO is significantly high relative to 
lunar reference (~11 vs. 5 wt.%); mineralogy: contains natural phosphates, Ti-
magnetite instead of ilmenite; use will likely result in unrealistically high oxygen yields; 
may be a good mare simulant (e.g., Apollo 14) for this use 

JSC-1AF recommended with reservations: should be similar to JSC-1A 

FJS-1 
recommended with reservations: chemistry: FeO is significantly high relative to 
lunar reference (~11 vs. 5 wt.%); mineralogy: contains natural phosphates, Ti-
magnetite instead of ilmenite; use will likely result in unrealistically high oxygen yields; 
may be a good mare simulant (e.g., Apollo 14) for this use 

MLS-1 (with 
glass) 

not recommended for highlands: chemistry: FeO is very high relative to lunar 
reference (>14 vs. 5 wt.%); mineralogy: contains abundant ilmenite but also hydrous 
minerals; may result in extremely unrealistically high oxygen yields; may be an 
acceptable high-Ti (Apollo 11) simulant, but hydrous minerals are still problematic 



Human Health Studies 
 (Simulant “Fit-for-Purpose” User Matrix)  
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NU-LHT-1M suitable composition though it lacks the added phosphates and sulfides of 
NU-LHT-2M; reasonable PSD but too coarse in fine fraction   

NU-LHT-2M most suitable composition; reasonable PSD but too coarse in fine 
fraction   

NU-LHT-1D suitable composition though it lacks the added phosphates and sulfides of 
NU-LHT-2M; good PSD in fine fraction 

OB-1 unsuitable composition due to high Fe-glass; may be acceptable for 
testing where abrasiveness is of primary importance 

JSC-1, -1A possibly suitable composition; reasonable PSD but too coarse in fine 
fraction   

JSC-1AF possibly suitable composition; good PSD in fine fraction 

FJS-1 possibly suitable composition; poor PSD in fine fraction 

MLS-1 (with 
glass) unsuitable composition; unsuitable PSD in fine fraction 



Simulant Development, Characterization, and 
Production Task 

Simulant Development: 

•  Perform extensive surveys to determine user simulant needs and requirements 
•  Understand lunar regolith properties  
•  Develop feedstock options and additives to improve fidelity and reduce cost 
•  Prepare NASA to be a “smart buyer” of simulants 

  Develop a Request for Proposal (RFP)  
  Provide requirements for feedstock, processes, and test protocol  

Simulant Characterization (Figures of Merit): 

•  Tool for the evaluation of simulants and the comparison of simulants to each  
  other and to Apollo references 

  Size, Shape, Density and Composition 
  Apollo 16 core sample is current baseline reference for lunar highlands region 
  FoM evaluations have been made for size and composition for Apollo and simulants 
  Baseline FoM documentation complete 

Simulant Handling and Testing: 

•  Specify protocol, processes, and procedures for consistent testing and the safe  
  handling of simulants 

  Simulant Test Protocol Document 
  Simulant Handling and Sampling Instructions 

Simulant User Guidance and Consultation: 
•   All Simulant Users 



Summary 
   Multiple types of affordable simulants reflecting various regolith properties 

(i.e., fidelities) are needed by many projects now 
•  One Size Simulant does not Fit All (or Exist) 

   Simulant Team is: 
–  Working with the users to determine their simulant requirements  
– Still in Development Phase for some areas (feedstock development and 

processing) 
–  Characterizing multiple types of simulants  
–  Collecting regolith properties/behaviors as needed 
– Gearing up for Large Scale Quantities (Production Phase in FY11) 

•  Acquisition Strategy is in work (i.e., RFP) 
•  Vendors are available now that will sell certain types of simulants 

  Lunar Regolith/Simulant Survey link http://isru.msfc.nasa.gov/lunarsurvey/  
(official means to request simulant through NASA) 

  Save the Date!  –  Lunar Regolith/Simulant Workshop Huntsville, AL       
Feb 23 - 25, 2010 



Simulant Website: 

http://isru.msfc.nasa.gov 

Project Management: 

•   Carole McLemore 

   256-544-2314 

   carole.a.mclemore@nasa.gov 

•   John Fikes 

   256-544-5570 

   john.c.fikes@nasa.gov 

Geologists: 

•  Dr. Doug Rickman 

      256-961-7889 

      douglas.l.rickman@nasa.gov 

•  Dr. Jennifer Edmunson 

      256-961-7546 

      jennifer.e.edmunson@nasa.gov 

Q&A 



Back-up Material 







Simulant Demand Application Details 

“Other” includes SBIRs, Internationals, and Education/Outreach Requests: 

 Radiation protection  

 Oxygen generation (Electrolysis)  and Water recovery processes and effects of lunar dust contaminants 

 Environmental dust sensing 

 Abrasion, wear and dust removal testing 

 Chemical activation using radiation or impact to reproduce adhesive properties 





MSFC Dust Management Task Documentation Tree 

Dust Project Plan 

Technical Task Agreement 

Simulant Development & Characterization 
Task 

Plan for Data Acquisition from Apollo 
Lunar Samples (#001) 

Analysis of Apollo 16 Samples for the 
Advancement of Simulant Development 
(#012) 

Current Standard Analytical Processes 
for Simulant (#008) 

Compilation of Apollo 16 Data Sources 
Relevant to Simulant Development 
(#005) 

Lunar Regolith Data Needs (#006) 

Lunar Regolith/Simulant Users’ Needs 
Survey Report (#011) 

Lunar Regolith Simulant User’s Guide 
(#007) 

Lunar Regolith Simulant Requirements 
(#009) 

Figures-of-Merit Software User’s Guide 
(#003) 

Figure of Merit Characteristics 
Compared to Engineering Parameters  
(#004) 

Figures-of-Merit Algorithm Description 
(#015) 

MSDS Lunar Highlands Type Series 
(#013)  

Recommended Sample Preparation 
Procedures  Before Sub-Sampling for 
NU-LHT-2M Containers (#014) 

Regolith Simulant Naming Protocol 
Document (#002) 

Blue: Documents pertinent  
to Simulant Users  



Lunar Simulant Demand 
by Year and Organization 



Simulant Drivers and Results 

  As number of properties required for testing hardware increases, simulant 
complexity increases. 

       As number of properties required increases, costs increase. 

   As number of properties  required increases, confidence in hardware 
designs increases and risk of hardware failures on the moon decreases. 

Number and  
Fidelity of 

Lunar 
Properties 
based on 

Users’ Needs 

Complexity Cost Risk 


