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Basic Planetary Protection Policy 
(NASA, COSPAR: Paraphrased)

• Preserve planetary conditions for future biological and 
organic constituent exploration
– avoid forward contamination; preserve our investment 

in scientific exploration

• To protect Earth and its biosphere from potential 
extraterrestrial sources of contamination
– avoid backward contamination; provide for safe solar-

system exploration

Comply with Article IX of the Outer Space Treaty of 1967





(?) Evidence for Humans and Robots, Together 





Mars Phoenix Landing Image (2008)
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Introduction to the Executive Summary

This is the Executive Summary for Release Version 1.0 of the Mars Science Laboratory 
(MSL) Planetary Protection (PP) Categorization Justification White Paper.  It provides a 
very abbreviated introduction, structure, examples and conclusions of the work 
associated with the off-nominal landing of the MSL spacecraft carrying a radioisotope 
power source.  This significant body of work has been developed and reviewed over 
more than a year by a team of experts in many fields.  

•  The MSL Project is working to develop a planetary protection strategy and proposing a 
categorization that meets NASA requirements, is consistent with the missionʼs science 
objectives and is technically and programmatically feasible.

–  The MSL project is using the COSPAR 2002 policy to help define the PP approach.
–  The presence of a radioisotope power source (RPS) is assumed (but will not be official until the 

Record of Decision is formally announced by NASA, expected early in 2006).
–  The MSL Planetary Protection Categorization Justification White Paper provides the analysis 

that supports the Projectʼs PP categorization request
–  Early and often interaction with the Planetary Protection Officer on our plans and strategy

•  The following are initial conditions for the mission with respect to Planetary Protection: 
–  MSL is not carrying instruments for the investigation of extant life
–  MSL is not targeting a “special region” (per COSPAR, 10/20/02 policy definition)
–  MSL expected science objectives will require a biologically and organically clean sample 

handling and analysis chain
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What Makes MSL Different  
from Missions Since Viking

•  From the Planetary Protection point-of-view a number of things are very different and 
much more challenging for MSL compared to past Mars lander/rover missions

–  Identification of a special region concept and the need to deal with “off-nominal” landings 
(elements of  category IVc, COSPAR, 10/20/02 policy)

–  Orbiter measurements, the scientific interpretations of those measurements and new theories 
point to the possibility of water ice being present over a large portion of the Martian surface 
“relatively close” to the surface

–  Proposed use of a radioisotope power source (RPS)

•  It is the presence of a “perennial heat source,” the RPS, coupled with the possibility of 
an off-nominal landing in an area where water ice may be relatively near the surface 
that requires a careful and thorough assessment of the projectʼs options for meeting 
planetary protection requirements and objectives.



Mars Science Laboratory

January 28, 2005 PRE-DECISIONAL DRAFT: For Planning and Discussion Purposes Only  11

Table of Contents

Author Page #
Executive Summary Brian Muirhead, JPL 5

Introduction and Background Brian Muirhead, JPL 30

Mission and Project Description Laura Newlin, JPL 45

Off-Nominal Landing with a Perennial Heat Source 95
Introduction and Categorization Decision Tree Brian Muirhead, JPL 96
Failure Scenarios Introduction Brian Muirhead, JPL 105
Entry Breakup Analyses and Terminal Pre-Impact Ahmed Salama, JPL 108
Mars Surface Characteristics and Models Ashwin Vasavada, JPL 145
Impact State and Post Impact State Steve Hancock, Foils Eng. 158
Failure Scenarios Details Brian Muirhead, JPL 187
Thermo-Fluid Dynamic Analyses of Heat Source Creating a Liquid Water Environment Mike Hecht, JPL 193
Results of LBNL Independent Analysis Ashwin Vasavada, JPL 216
Microbe Propagation Conditions Ben Clark, LMA 221
Probabilistic Analysis of Mission Failure Scenarios Brian Muirhead, JPL 269
Conservative Modeling Assumptions and Pathological Cases Brian Muirhead, JPL 299

Options for Achieving System Cleanliness Using DHMR 305
Preliminary Spore Bioburden Allocation To Meeting 5*10^5 Cleanliness Laura Newlin, JPL 306
Analysis of Sensitivity of All Flight Assemblies to DHMR Don Hunter, JPL 314
Cost and Risk Analysis of Microbial Reduction Using DHMR Brian Muirhead, JPL 333
Recontamination Prevention Laura Newlin, JPL 341

Plans for Microbial Reduction of Sample-Handling Chain 345
Approaches to Meet Categories IV-A and IVc Biological Cleanliness Laura Newlin, JPL 346
Recontamination Prevention for Sample-Handling Chain Laura Newlin, JPL 349

Conclusions and Recommendation for Categorization Brian Muirhead, JPL 353
Recommended Cleanliness Level and Strategy to Meet that Level 354
Acknowledgements 359
Contributions to Future Missions 361
Future Work 363

Appendices and References 366



Mars Science Laboratory

January 28, 2005 PRE-DECISIONAL DRAFT: For Planning and Discussion Purposes Only  12

Pre-Entry 
Failure 

Tumbling 

Nominal 
EDL } Parachute 

Failure Failure 
at Entry 

Descent stage + rover 
Tumbling 

Rover + RTG + DS core 
Tumbling 

Tumbling 

Forward  

Backward 

GPHS modules 
Tumbling 

Descent  
stage  
Failure 

-90° 
-60° 

-13.8° 

Failure Scenarios and Breakup Sequence During 
Entry Descent and Landing (EDL)



Mars Science Laboratory

January 28, 2005 PRE-DECISIONAL DRAFT: For Planning and Discussion Purposes Only  13

Basis for Surface Ice Distribution Assumptions

What We Know

•  The Mars Odyssey Gamma Ray Spectrometer (GRS) Suite has detected large amounts of 
hydrogen within the top meter of the Martian surface layer poleward of 60° latitude in each 
hemisphere (and at certain longitudes poleward of 45° latitude), and smaller amounts of 
hydrogen at lower latitudes (Boynton et al., 2002; Mitrofanov et al., 2002; Feldman et al., 2002).

•  The interpretation is that large volume percentages of ground ice (50-75%) are present at high 
latitudes, covered by at least 15-30 g/cm2 (roughly 10-20 cm) of dry regolith.

•  Lower-latitude features may be due to bound water, adsorbed water, or spatially unresolved 
patches of ground ice. Observed water-equivalent hydrogen volume percentages are <12%.

•  Morphological evidence (Head et al., 2003) suggests sublimation of an icy surface may have 
occurred in the 30º-60º latitude band.  No such evidence is present for latitudes equatorward of 
about 30º.

What We Donʼt Know

•  No near-surface ground ice has been unambiguosly detected equatorward of ~45º latitude (i.e., 
over most of the MSL landing area). So we have to estimate from theory and observation.

•  We have no ability to detect ground ice below ~1 m at the present (although orbiting radar 
systems may soon change that).
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Surface Model Cases

•  These models are relevant for ground ice in diffusive contact with the 
present atmosphere, as suggested by the GRS observations. 

•  Surface Model Case S (20 cm of dry regolith overlying ground ice, shallow 
icy layer) is representative of stable ground ice at latitudes between 45° 
and 60°. It also represents latitudes <45° where topographic shadowing or 
slopes create conditions favorable for ice stability, or where unstable 
ground ice persists from an earlier climatic regime. However, for the latter 
to be consistent with the GRS observations, such near-surface, low-
latitude ground ice deposits must exist in patches that are small compared 
to the GRS footprint of 600 km.

•  Surface Model Case D (100 cm of dry regolith overlying ground ice, deep 
icy layer) is representative of stable ground ice at latitudes between 0° and 
45°. However, observations and models suggest that ground ice is likely to 
be deeper or absent at these latitudes.

•  Each case above is run with ground ice at 100% saturation.  The bulk ice 
volume, then, is equal to the porosity (nominally 50% ice by volume)

•  To understand the cases where the fraction of ground ice is less than fully 
saturated a sensitivity analysis has been performed for impact and thermal 
analysis for 5%,10%, 20% ice by volume and is included in the 
appropriate analysis section.

dry

icy

Model Case S 

dry

icy

Model Case D 
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Summary of Failure Conditions and Pre-Impact 
Initial Conditions

85, -89.7066º
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GPHS modules releasedTumbling (E3)

GPHS modules releasedBackward (E2)

No atmospheric breakupForward (E1)Failure at 
Entry

GPHS modules released-13.8º FPA (PE4)
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breakup.
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Impact Scenario Cases and Methods

●  Large velocity range requires different prediction methods, as follows:

for low velocity vehicle,-9085RoverD.1 (high altitude loss of control)
-905 to 132RoverD.3 (D failure, intermediate altitude)

Rigid body model for compact parts -905RoverD.2 (hard landing)

Crushable body penetration model-46298Rover+DSP.1 (Failure of supersonic chute)

for low velocity GPHS-24439GPHSE.3 (E Failure, tumbling entry)

-22.3444.8Entry VehicleE.1  (E Failure, forward entry)

Rigid body penetration model-23421GPHSE.2  (E Failure, backward entry)
-13.8554GPHSPE.4 (PE Failure, low FPA)

Hypervelocity cratering model
-593951SpacecraftPE.3 (PE Failure,  -60 deg FPA)

Spacecraft

Impacting
Object

4179

Impact
Velocity

m/s

-90

Impact
FPA

degrees

Prediction MethodScenario
Case

PE.2 (PE Failure,  -90 deg FPA)

PE=Pre-Entry,  E=Entry,  P=Parachute, D=Descent Stage 

●  Case D.3 velocity range will be illustrated with velocities 20 m/s and 132 m/s
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General Thermal/Fluid/Bio Scenario

A.  Thermal wave has not 
reached organism

B.  Warming of ice and organism
C.  Liquid H2O present

•  Opportunity for microbial 
multiplication

D.  Bioavailable H2O has been 
depleted

•  Losses due to sublimation, 
chemical reaction, wicking, 
and boiling

•  Organisms become dormant 
(e.g., sporulation)

E.  Heating to sterilizing 
temperatures depending on 
closeness to the heat source
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Thermo-fluid Dynamic Analysis of  
Heat Source at Dry/Icy Interface Summary (U)

•  General results for probabilistic analysis 
–  The transient thermal wave passes quickly at first then slows down approaching a critical radius 

beyond which no ice will melt. 
–  Moisture content must be above a critical level, >4% by mass (the hygroscopic limit for a loam-

like soil, very conservative), for reproduction to occur but that level of moisture is transient and 
a function of the initial ice content (see following page)

–  Heat source and dried area around heat source become very hot
•  Net result is that there is a very restricted region near the dry/icy boundary where 

microbes must be initially located in order to be in liquid water and grow.  That region is 
transient and lasts on the order of 10ʼs of sols.  Conditions where there is high ice 
content which produces >40 % water by mass could allow for mobility which is also 
considered in the analysis.  

Wet layer 

Dry layer 

Icy soil 

Heat Source element 

Dry soil 

Microbe growth region 
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Duration of wetness

Map of elapsed time 
with more than 4% 
water by mass, a 
minimum value for 
propagation of 
microbes. Cells near 
the dry/icy boundary 
(20 cm line) are most 
likely to contain 
microbes. The 50% 
ice case is most 
problematical, offering 
a habitat for up to 25 
sols near the 
boundary, 50 sols 
deeper. 
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Viable zones

The colored cells satisfy 
the criteria of (a) 
containing more than 
4% water by mass at 
some time, and (b) not 
exceeding 383K at the 
indicated time after 
drying. The scale 
indicates how long the 
cell was wet.  

No cells meet the 
criteria for < 30% ice. 
The 30% case reaches 
sterilization 
temperatures by 160 
sols, the 40% case by 
400 sols. Even after a 
Martian year, the two 
deepest “wet” cells 
remain unsterilized in 
the 50% case (this was 
still true nearly a year 
later). 
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Categorization Request

•  Based on the above results the Project proposes the following categorization for 
the mission: 

–  Category IV-A for the spacecraft with the additional provision that the sample-contact 
hardware that could contact Martian subsurface ice, the corer, should meet the 
equivalent of Category IV-B.  

–  This combination is intended to meet the provisions of the current COSPAR planetary 
protection policyʼs Category IVc.













Requirements are then 
included in the mission’s 
planetary protection plan. 



And that is what one lives with! 

Mars thanks you, 
   and the PPO thanks you.... 



Questions? 
What does HITACHI stand for? 

HITACHI 

Hope It Takes A Curiously Happy Image... 
...of Mars 


