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MOTIVATION

Forward planetary protection addresses the risk of contaminating non-Earth bodies with terrestrial
organisms.

NASA planetary protection policy requires that the probability of biological contamination be reduced
to acceptable levels, especially for missions exploring potentially habitable planetary bodies or those
with life-detection objectives.

Robotic missions going back to Mariner, Pioneer and Viking handled this with a mix of modeling and
bioburden reduction protocols during development that fed into a probability of contamination model.

Over time planetary protection requirements for Mars missions became more prescriptive, requiring flight
projects to demonstrate compliance with bioburden constraints via spacecraft sampling.

As NASA expands info commercial partnerships and the prospect of human exploration of Mars, a
model-based framework is coming back to the forefront

* Better scope planetary protection protocols
* Enable projects to evaluate alternative compliance strategies while maintaining policy requirements

We have had success applying this modeling to Europa Clipper and Europa Lander
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MISSIONS WE WILL LOOK AT TODAY

Viking

Two missions to Mars: Viking 1, Viking 2
Launched August—September 1975 on
Titan IlIE launch vehicles

Each mission included an orbiter & lander
Conducted three life-detection
experiments on Mars

Produced the first high-res global maps
Final transmissions: Viking 2 (1980),
Viking 1 (1982)

4/2/2026

Europa Clipper

Launched October 2024 on Falcon
Heavy launch vehicle

Single orbiter; largest planetary S/C
Will perform 49 close flybys of Europa in
orbit around Jupiter

10 instrument payload to study geology,
ice shell and magnetic field

Jupiter Orbit Insertion: April, 2030

4+ year tour planned
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Europa Lander

* Concept in development prior to 2020

* Lander & orbiter flight system

* In situ instruments to detect biosignatures,
assess habitability, and characterize the
subsurface

* 2-3 month planned surface operations

* Included a Terminal Sterilization System
(TSS) to incinerate lander at EOM

MPV: 1810ke

+ +

|

Carrier Stage (CS) &

Deorbit
Stage (DOS)
MPV: 2020k
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Mathematical modeling and statistics at work in planetary protection

MARS VS. EUROPA MODEL APPROACH TO P
I Y L

Failure Concerns

Engineering

Transport

Habitability

Biological

Policy

Mathematical

t/LjLuLy

* Maneuverability; Separation during EDL

¢ Single and multiple flight elements

¢ Orbital flybys; Entry, Descent, Landing Ops
* Nuclear (RTGs) and solar power

*  Mobile systems

* Mars atmosphere, wind, weather, rover
* Ice present with geology that is better
understood relative to Europa

* Special regions, water activity, temperature

* Spores only have been the focus
¢ UV lethality

Period of Biological Exploration: Launch + 50 years

* Coleman-Sagan approximation

* Survival and release probabilities not based
on trajectory properties

* Lethality not fully considered across the S/C

* Maneuverability; Separation during DDL; PP hardware

* Single and multiple flight elements

* Orbital flybys; Deorbit, Descent, Landing Ops
* Solar Powered (no nuclear material, yet)

* Heavily shielded electronics vaults

* No significant atmosphere
* Geological resurfacing processes not well understood
* Ice shell, subsurface ocean hypothesized

* Subsurface assumed habitable (conservative)

* Total viable organisms
* lonizing radiation

Period of Biological Exploration: from now to the year 3000

* Independence assumptions and incorporation of
trajectory information
* Rigorous mathematics

* Detailed bioregions accurately capture lethality
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Mathematical modeling and statistics at work in planetary protection

WHAT DOES “CONTAMINATION™ MEAN FOR MARS
MISSIONS?

The probability of The calculation of this probability shall include a conservative estimate
N . of poorly known parameters, and address the following factors, at a
inadvertent contamination [N

of an ocean or other " Bioburden at launch

liquid water body shall be
less than 1 x 104 per
mission.

* Cruise survival for contaminating organisms

lcy Bodies RQ

* Organism survival in the radiation environment adjacent to
the target [Mars]

* Probability of encountering/landing on the target [Mars],
including spacecraft reliability

* Probability of surviving landing/impact on the target [Mars]

* Mechanisms and timescales of transport to the subsurface [a
potentially habitable environment]

* Organism survival and proliferation within a specified
period of biological exploration

Mars Adaptation
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# of flight # of bioburden regions
elements B on flight element q

VlKlNG MlSSlONS PFqZ:lelPqu]xpr[cbuq]

Pr[Cp|lq] = Nop,q X Pr[rp|lg] X Prlsy|ly N 1,] X Priglly N1, N sp]

S SO N

. . Spore Burden prior  Prob of Prob Individual **Prob Individual Prob Individual Spore Pc=
Mod el I n g A p p ro a c h : S I m p Ie to Terminal Impact, Spore is Released ~ Spore survives given Proliferates given Survival, Y Pr[Cy| 1]
Sterilization and FAT Pr[l ] given Impact Release & Impact Release & Impact (Recalc)
. .
Coleman-Sagan approximation Viking A . : . . . 555605

LV Lower Stages + Centaur +

Shroud + Bioshield Base 0 i i i °
Project Challenges: Maintain Bioshield Cap . : : - ——
. ofe o o o . Surface 1.62E+05 1.00E-02 5.00E-01 1.00E-01 1.00E-06 8.10E-06
scientific integrity of life detection
. Mated 6.00E+02 1.00E-02 1.00E-01 1.00E-03 1.00E-06 6.00E-10
experiments.
Encapsulated 5.50E+06 1.00E-02 1.00E-04 1.00E+00 1.00E-06 5.50E-06
o . Viking Orbiter * 3.23E-05 - - - 3.23E-05
Key Model Relationships: Terms
VLC 1.43E+07 - - - - 1.12E-06
mul'rlpllco'rlve; |mp||C|'r Independence Surface & Insulation 2.53E+05 1.00E+00 1.00E+00 7.24E-12 1.00E-06 1.83E-12
assum pﬁons & tracea bil“’y Of certain Mated 2.94E+03 1.00E+00 2.00E-03 1.45E-06 1.00E-06 8.55E-12
probabilities flqgged as d concern Pseudo-Mated 1.71E+01 1.00E+00 1.00E+00 2.71E-06 1.00E-06 4.63E-11
Encapsulated 1.40E+07 1.00E+00 1.00E-04 6.25E-04 1.00E-06 8.76E-07
Drivers o P ro b a bil“’)’ Of g row'rh & Recontamination 3.62E+04 1.00E+00 1.00E-04 6.82E-02 1.00E-06 2.47E-07
. ol o Ejecta-Efflux - - - - - 8.53E-06
encapsulated bioburden, sterilization
*Assumed dirty; not bounded - N/A or unavailable ** Includes the probability that a spore survives Terminal Sterilization & Fllght
4/2/2026 THIS DOCUMENT HAS BEEN REVIEWED AND DETERMINED NOT TO CONTAIN EXPORT CONTROLLED TECHNICAL DATA. Acceptance Testing (FAT) 6 | P l.nasa. gov

© 2026 CALIFORNIA INSTITUTE OF TECHNOLOGY. GOVERNMENT SPONSORSHIP ACKNOWLEDGED.



EUROPA CLIPPER MISSION

Modeling Approach: Rigorous probabilistic model

N
p. = 2 Pr(l,] X Pr[R,|L,] X Pr[S |R; 0 L]
n=1

Project Challenges: What bioburden reduction is needed
and what hardware should be selected?

Key Model Relationships:

*  Non-linear survival term that behaves like 1 — (1 — s)No
* Coupled with high bioburden on any one piece of h/w

* Gives a P, that plateaus & bottlenecks

Drivers: Period of biological exploration, debris and
resurfacing parameters, shallow angle impacts

4/2/2026 THIS DOCUMENT HAS BEEN REVIEWED AND DETERMINED NOT TO CONTAIN EXPORT CONTROLLED TECHNICAL DATA.

Values as of the
2018 PP Workshop Pe

¥0-80'L
€0-80'L
20-80'L
L0-20'}

I Period of biological exploration I 100 yrs 18+09 yrs

#small fragments 25 count 1e+03 count

Resurface rate 1/270 Myr 1/20 Myr

I Threshold velocity for fragmentation I 12 kmis

H
H

H

Catastrophic failure rate 0.007 per yr i

6.5 km/s

0.026 per yr

Radiation lethality rates all 11.51 log count/Mrad ! no credit log count/Mrad
I Shielding thickness for non-oblique impacts 1cm f. 30 cm
Best: 7.9e-7 Worst: 2.4e-2
CBE=1.5e-4

Planned Clipper 3-
order microbial Requirement
reduction met
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-

Leading Hemisphere

CBE
ON 30W

~

EUROPA LANDER CONCEPT

1
». - Completely pummE——— Only nOZZle
DOS In-flight heat sterilization heat steriized I heat sterilized

DOS grid elements 1 _ 14-16

Europa resurfacing rate 1/200 Myrs m
. 4-order - No

Bioburden reduction reduction

1/20 Myrs

Lethality Fact All VO: Cruise Kill=90%, Radiation 1 All VO: No Cruise Kill, Radiation
ethality Factors Mortality=11.5 log count/Mrad | Mortalty=1.1log count/Mrad
DS in same grid element as Lander Yes : No
1
. . |
. TSS terili d bi i A-D 1 NoTSS
Modeling Approach: Clipper approach expanded for ssetzes radbioragions A |
o . Non-debris post-contact shielding thickness 0-1.5cm, avg: 0.6 cm | 0-1.9cm, avg: 1.3 cm
1
mulfiple flight elements
|
Best of Overall : Worst of
Best 1
1
10-75 10'—70 10'—5.5 10'—60 1055 10'—5.0

Project Challenges: Are a biobarrier and new tech TSS
necessary? If a TSS is needed, how much energetic?

Key Model Relationships:

* P, that plateaus & bottlenecks (as with Clipper)

* Impactables have a greater influence on P; than lander
* PP affects landing site selection and science

Latitude

Drivers: Solid Rocket Motor (jettisoned after deorbit), debris
and resurfacing parameters, shallow angle impacts
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Probability of Contamination of the Nominal Mission

Vvo)

Leading Trailing

Difference in Probability of Contamination



MARS CONTAMINATION EVENT TREE

Nominal Mission

~

Contamination:

PH Proliferation of one or

more harmful viable
terrestrial organisms
into a habitable

PEO ( ‘ 1- Ps Martian environment
Pw f \ . 1-Py
S \»
- /
Launch —
successful 1 - P ». 4 i (P—,. Contamination

Per . \P/—‘(—. —e

/* Prc ——e T Off-nominal

1-Py 2 —9® . Y A
. - o ~N  mission
Contamination .
h scenarios
Py = Probability 1 -Pg —_— . (_‘
that X occurs 1 = Pec ’ C—:. e
o ® J
Né’ o~ M“"e”E"ers = Eo: Nominal Mission | [ R: Some Particle | | | H: Some Particle S: Some particle
ti t 1 . ! .
epg::c:;fu\;en > Successful i Hosting VO i Transports to a Remains
| Released into the | | Habitable Unsterilized and
ET: On an Entry RC: Recover to Avoid sﬁiEE Mars | Region of Mars a VO
Trajectory Entry 006 Environment ERINE proliferates g ipl.nasa.gov




Mathematical modeling and statistics at work in planetary protection

LEGEND: HERITAGE TO EUROPA LANDER

MODELING P, FOR MARS MISSIONS

,Deb”,s Mars Planetary
Dispersion

Model Model

Mars Growth /
Surface Proliferation

Shielding In-flight Heat
Analysis Sterilization

Radiation Model

PP Equipment List

Biological I
iological Mode (PPEL)

Pre-EDL
Impact Spacecraft Impact

Probability / Contact Model "y
Analysis Space UV vit /
& lonizing Habitat

EDL Radiation
Trajectory

Analysis

Water Organism Biocontainment
Pre-EDL Activity Types regions
Reliability &
Micrometeoroids

EDL
Reliability
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Mathematical modeling and statistics at work in planetary protection

CONCLUDING REMARKS AND PATH FORWARD

A model-based framework
* Allows projects to better scope planetary protection protocols

* Enables projects to evaluate alternative compliance strategies while maintaining policy requirements

This modeling has helped projects make big decisions

* Clipper: Large scale bioburden reduction measures would not have significantly reduced the contamination risk
* Clipper: Defining a period of biological exploration was imperative

* Europa Lander: Terminal Sterilization System (and biobarrier) not necessary to satisfy PP RQ

* Europa Lander: Significant PP risk comes from SRM jettisoned at deorbit, not lander; PP affects landing site

Developing this model framework to evaluate Mars missions
* Currently evaluating the Viking mission as a starting point

* Looking forward to having model machinery up and running by end of FY 2026

THIS DOCUMENT HAS BEEN REVIEWED AND DETERMINED NOT TO CONTAIN EXPORT CONTROLLED TECHNICAL DATA.
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Mathematical modeling and statistics at work in planetary protection

BACKUP

* Mathematical Architecture

* Path Forward

* Viking Literature Review & Associated Analysis

* Europa Clipper Sensitivities Reported in 2020 PRA
* Additional Europa Lander Sensitivity Analysis

* References

= Abstract
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Mathematical modeling and statistics at work in planetary protection

VIKING PROBABILISTIC MODEL

Event that the Probability that the spacecraft Probability density Probability an individual
Actual Viking has an initial particle count, N, associated with particle of diameter § with
Mission occurs and associated bioload, 1 particle size (diameter)  bioload 11y contaminates Mars

\ l]xl—ﬁl—\ [ l

Pcig, = z Pr[N,ng | Eq f(8) Pr[C; | 8,m0, Eo] db
o)
N

=1
End of the Period of Probability density associated Probability a particle remains
Biological Exploration with particle time of release unsterilized and proliferates after

/ transports to a habitable environment

T
PI‘[Ci | 5, no,Eo] — fTR (t) PI‘[HT | TR = t] X Pr[Sl’ |H‘L’l TR = t] dt
to

Probability a released particle /

tra nspo rts to a hq bitq ble enVi ronment THIS DOCUMENT HAS BEEN REVIEWED AND DETERMINED NOT TO CONTAIN EXPORT CONTROLLED TECHNICAL DATA. ipl.nasa.gov
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Mathematical modeling and statistics at work in planetary protection

GOAL FOR FY26

__FY’H

* Formulate Mathematical Model for Viking P, R

* Adapt Europa Lander P. model infrastructure to Viking R

* Gather needed inputs for model ﬁ Engage SMEs J I /.
* Perform model V&V and run use cases / sensitivity analysis for Viking P _I-

Adapt EL model to Viking by end of FY26 - Mars planetary model
development will go into FY27

THIS DOCUMENT HAS BEEN REVIEWED AND DETERMINED NOT TO CONTAIN EXPORT CONTROLLED TECHNICAL DATA.
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Mathematical modeling and statistics at work in planetary protection

DOCUMENT REVIEW

/ Aug 20, 1975: Particulate
Viking Heat Viking 1 Launch (ST
Planetary Viking Terminal Sterilization — Progress Control (Viking and
Quarantine Sterilization (PQ and problems, Acta Terminal Sep 8, 1975: Voyager)
Provisions Advisory Panel Slides) Astronautica Sterilization Viking 2 Launch ~ March 7-9, 1978
Mar 16,1970 Feb 21,1974 Feb 28,1975 of flight VLCs

I
. AN

1 Planetary Planetar f Pre-launch Analysis i Pre-l h Pre-l h
NASA NHB Quarantine Plan Y | of the Prob of Cont | re-launc . re-launc . Appx Ad: J
1

5340.1A & Feb 27, 1974 Quarantine Large Analysis of th Analysis of th

1 1
1 1
1 1 |
' ! - Vol | ki
' 8020.12 ' | \ Impactable i Feb 2:5/0] 975 ©» Prob of Cont— @ Prob of Cont — HiVLkllinifs
I (Oct 1968, Apr 1 o Analysis Report ! ' o Vol II-B Suppl Viking A iy
! oy Microbiological \ ="y "4, 1974 1 Volll L July 17,1975 Sept 15, 1975 Date 2
1 1969, resp) Assay & 2y L uly 14,1975 vy 1 ept 1o,
Monitoring Plan \ ---------------
s 27, 1574 Assessment of the Lessons Learned
! Probability of from Viking
ande.r.Cq;.:suIe Contaminating W~ This document was provided Planetary
SiiilzeiEn Mars after the March 19" meeting Quarantine and
Plan April, 1974 CC Date 2
Feb 27,1974 \

Viking ‘79 Rover«

Study Report
March, 1974 THIS DOCUMENT HAS BEEN REVIEWED AND DETERMINED NOT TO CONTAIN EXPORT CONTROLLED TECHNICAL DATA.
4/2/2026 © 2026 CALIFORNIA INSTITUTE OF TECHNOLOGY. GOVERNMENT SPONSORSHIP ACKNOWLEDGED.

15|

pl.nasa.gov



Mathematical modeling and statistics at work in planetary protection

VIKING PLANETARY PROTECTION
IMPLEMENTATION APPROACH

The entire Viking Lander Capsule (VLC) will be dry heat sterilized,
within a bioshield, prior to launch.

The bioshield shall be continuously maintained at a static pressure
of 5.0 inches of water above the ambient pressure from terminal
sterilization to launch.

Aim point biasing and deflection maneuver will be utilized to
satisfy the contamination probability associated with the launch
vehicle.

Aim point biasing for midcourse maneuver will place the
spacecraft in a trajectory consistent with Planetary Quarantine
constraints.

Orbit insertion and orbit trim maneuvers will place the spacecraft
into an orbit consistent with the PQ constraints.

Cleaning methods, as well as procedural and facility controls, will
be employed during the assembly and test of the flight articles.

Biological assays will be performed at pertinent times during flight
spacecraft assembly and test as specified in the Viking 75 Program
Microbiological Assay and Monitoring Plan, M75-148.

A planetary quarantine mathematical model will be developed

and utilized to allocate and estimate the contamination probabilities

associated with each potential biological contamination source
and/or event.”

4/2/2026

Requirement Viking! Comment
Performed on — "
- Non-Operating (if required) Operating *Qual Temp - 155 deg C at start, backed off to 135 deg C then 125 deg C
Hight ot 125-135 deg C TBD deg C (Ref V2 Pg. 2.4, 2.5). 125 deg C consistent with MIL Standard temp for most
(£2degC) (+2degC), parts (was becoming a standard around that time). Thermocouple
“Elevated T" / \ uncertainty + 2 deg C at temps in this range (Ref V2, Pg 2.8, implied)
*Qual Time - 1000 hours consistent with MIL Standard for active parts
1000 hours 0002000 s (believe requirement shown did not include passives). Backed off to 1000

hours for many parts (TBD Ref)

TBD - probably did screening

Performed on
Qual Unit for (1:1';)“9 G ::;)aeg C
Components

J

J
54 hours 8X 54 hours

+Qual Temp - 125 deg C was the max temp reasonable for most
components/parts (Ref V2, Pg 3.22). Backed off 2 degrees C to account for
thermocouple errors (Ref V2, Pg 2.8, implied) (125 - 2 = 123)

+ Qual Time/Cycles - 2X time at temperature on flight unit [(com accept (1) +
system accept (1) + sterilization (1) + rework (1)] x 2= 8.

n
Flight Unit and ‘;} ;"egc
Spare for €17
Components
J

hours during System

f

Performed o « Acceptance Temp - Project requirement was for a minimum 10 deg C margin
between the Qual and Acceptance levels (Ref V2, Pg 3.22). Accounted for
thermocouple errors (Ref V2, Pg 2.8, implied) (123 - 2)- 10 - (+1.7) = 112.7)

+ Acceptance Time - 54 hours is ~1/2 the time required to reduce encapsulated
bioburden by 4 orders of magnitude at ~112 deg C. Assumes other 1/2 time

or System Sterilization (speculation)

- Qual Temp - See component comments above for the Qual temperature levels.

System ﬁ”vfmTE mj"& 111.7degC TP (‘1 3)"‘*9 € | +Qual Time/Cycles - Wanted to verify system could withstand at least 3 cycles (1
Qualification’| 27 &1 for Acceptance + 1 for System Sterilization + 1 recycle if required) (Ref V5, pg
21).
J
35hours?  40hours? 40 hours?
Performedon  111.7 deg C « Accept Temp - See
System Flight Unit ey temperature levels.
Acceptance? « Accept Time - TBD. Cycle time reduced from 54 hours due to the actual
(performed?) T cleanliness levels achieved and the expected reduced terminal sterilization
TBD hours time (speculation).

Performed on

Flight Unit 112deg C
Syst.e.m N (Non-Operating)  (x 1.7) " :
Sterilization bioburden estimates.

~ 30 hours (VLC-1), 23 hours (VLC-2)

«Temp - See comments above for the temperature level.
«Time - Sterilization time was selected and minimized based on actual

""Lessons Leamned from the Viking Planetary Quarantine and Contamination Control Experience”, NASW-4355, Pg 2.8, The Bionetics Corporation, MSS Ref V2.

2'Viking ‘75 Program Lander Capsule Sterilization Plan, M75-147-0, February 27, 19974, LaRC, MSS Ref V5. Unknown if test actually performed.

THIS DOCUMENT HAS BEEN REVIEWED AND DETERMINED NOT TO CONTAIN EXPORT CONTROLLED TECHNICAL DATA.
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Mathematical modeling and statistics at work in planetary protection

VIKING PROBABILITY OF CONTAMINATION
CALCULATION

# of flight # of bioburden Probability that flight

elements regions on element q of Viking i
Pc of Pc of on Viking i  flight element q impacts/contacts Mars
Viking A Viking B Probability that region
| | Q Bq b of flight element q of
>PC =Pc1+ Pc Pc; = Z Pr[l, ;] X Pr[Cp|lg ] Viking i contaminates

q=1b=1

Pr[Cpllq,i] = Nop,qi X Prlryllgi]l X Prsplly; N 1] X Priglly; N1, N sp]

_— | AN

Spore Probability Individual Probability Individual Probability Individual Spore
Burden at Spore is Released Spore survives given  Proliferates (Grows) given
Launch given Impact Release & Impact Survival, Release & Impact

THIS DOCUMENT HAS BEEN REVIEWED AND DETERMINED NOT TO CONTAIN EXPORT CONTROLLED TECHNICAL DATA.
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*Assumed dirty; not bounded **includes the probability that a spore survives Terminal
- N/A or unavailable Sterilization & Flight Acceptance Testing (FAT)

| 4

Mathematical modeling and statistics at work in planetary protection

Spore Burden Probability Individual

Tpriol: 'OI Probability of Inditir:ub:lbsi!zre is In::?ialbsi:)ize SpoGre Prolift‘erates Pc Pc :C (v{/ol Pc Project
Sreer:Irir;I;:on Impact Relelased given . slurvive;giiven sufvi‘:::/;)j::s: & (Recalc) (Project) Sre::ir::t?on) Allocation
V I K I N G P and FAT mpact elease mpact Impact
Viking Mission * - - - - 1.11E-04 1.02E-04  5.07E-01 2.00E-04
c Viking A * = o @ @ 5.55E-05 5.10E-05  2.54E-01 1.00E-04
ol o LV Lower Stages * 0 - - - 0 0 0
All results here use the Viking
. ) . LV Centaur Stage * 0 - - - 0 0 0
calculation approach (which is an
approximation to P. at best) rerno [wewt " ° : ' ' o °
C Bioshield Cap 5.66E+06 = = = = 1.36E-05 9.00E-06  8.71E-05
The Viking MiSSionS hAG ve a tota I PC Surface 1626405  1.00E-02 5.00E-01 1.00E-01 1.00E-06 8.10E-06 8.00E-06  8.10E-05
a | |OCCIfI0n Of 2 X ] O_ . Mated 6.00E+02  1.00E-02 1.00E-01 1.00E-03 1.00E-06 6.00E-10  6.00E-10  6.00E-07
Recq ICU I Clﬁon Of PC USing documenf Encapsulated 5.50E+06  1.00E-02 1.00E-04 1.00E+00 1.00E-06 5.50E-06 1.00E-06  5.50E-06
sources results in a value slightly Bioshield Base ' ° : : : ° ° °
hig he r 1-h an -I-h 01- ca ICU I qfe d by fhe Viking Orbiter * 3.23E-05 - - - 3.23E-05 3.23E-05  3.23E-05
prOieCf due to eSﬁmCﬂ'ed BiOShield vLC 1.43E+07 = = = = 1.12E06 1.12606  2.53E-01 2.00E-05
CC‘ p vO I ume ad nd |1'S resu Ihn g Surface & Insulation  2.53E+05  1.00E+00 1.00E+00 7.24E-12 1.00E-06 1.83E-12  1.83E-12  2.53E-01
b 10 b U rd en Mated 2.94E+03  1.00E+00 2.00E-03 1.45E-06 1.00E-06 8.55E-12  8.56E-12  5.88E-06
RemOVing The red UCTionS g iven by Pseudo-Mated 1.71E+01  1.00E+00 1.00E+00 2.71E-06 1.00E-06 4.63E-11  4.63E-11  1.71E-05
Te rmin qa I S-I-e ri I iZQﬁOh ( bU-l- re-l-q ining Encapsulated 1.40E+07  1.00E+00 1.00E-04 6.25E-04 1.00E-06 8.76E-07 8.74E-07  1.03E-04
fhose from fhe Flig h‘]‘ Acce p‘]‘q nce Recontamination 3.62E+04  1.00E+00 1.00E-04 6.82E-02 1.00E-06 247E-07 247E-07  3.62E-06
TeSﬁng ), PC iS ve I’y hig h: 0.5 >> ] 0-4 Ejecta-Efflux - - - - - 8.53E-06 8.53E-06  8.53E-06 2.80E-05
Viking B assumed the same as Viking A 5.55E-05 5.10E-05 2.54E-01 1.00E-04
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MISSION OVERVIEW

See map in backup
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* The last data from Viking Lander 2 arrived at
Earth on April 11, 1980. Viking Lander 1 made
Backshell & it final transmission to Earth November 11, 1982,
Photographed and other science data on the

Martian surface

Parachute

* Conducted three biology experiments designed to

Heatshield  look for possible signs of life.

* Discovered unexpected and enigmatic
chemical activity in the Martian soil, but
provided no clear evidence of life

Mars
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EUROPA CLIPPER MISSION

Modeling Approach: Rigorous probabilistic model

N
P, = Z Pr{L,] % Pr[R,|L,] X Pr[S [R; N I.,]
n=1

Project Challenges: What bioburden reduction is needed and
what hardware should be selected?

Key Model Relationships:

Non-linear survival term that behaves like 1 — (1 — s)Mo
*  Coupled with high bioburden on any one piece of h/w

* Give a P; that plateaus & bottlenecks

Drivers: Period of biological exploration, debris/resurfacing
parameters, shallow angle impacts
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Values reported
in 2020 PRA

Probability of Contamination, P

1.0E-06 1.0E-05 1.0E-04 1.0E-03

Ricochet angle threshold
CBE = 15 deg

Number of small fragments
CBE = 100 count

Threshold velocity for fragmentation
CBE =8 km/s

Resurface rate
CBE = 1/65 count/Myr
Contaminated area (normal impact)
CBE = 1 km?
Catastrophic failure rate
CBE = 0.015 count/yr

Shielding thickness for non-oblique impacts
CBE =5cm

Initial bioburden
CBE = CBE from PP Eng

Micrometeoroids
CBE = on-lower bound

Recovery time
CBE = 24 hours

1.E-03

T
15deg  (MNNNNNNIN 30 deg
T
|
10count (NN 1000 count
0

12 km/s — 6.5 km/s

1
1/270 count/Myr _ 1/20 count/Myr

|
1km? — 4km?
|
0.007 count/yr —
|
lem _ 30 cm

1
6-order reduction on CBE -I CBE from PP Eng

0.026 count/yr

|
off [ on-upper bound
1

8 hours h 56 hours
1

Probability of
Contamination CBE:
2.5E-5

W Satisfies 10 PPRQ
W Does not satisfy 10* PP RQ

1.E-04

1.E-05

1.E-06

Probability of Contamination

1.E-07
0 1 2 3

4 5 6 7 8 9 10 11 12 13 14 15

Orders of Magnitude Reduction Applied to Overall Bioburden

—— Workshop, Day 1

Signed MoU requirement  —— 19F23v2 (April 2020)

v



Impact Velocity (m/s)

ADD’L EUROPA LANDER SENSITIVITY ANALYSIS

Europa Lander DOV  Guru data overlay Trailing Hemisphere
Mass =280kg A =3.3cm

® DOS jettison backward ON 24E
DOS jettison sideways
Same parameter values Debris Shielding Thickness

as for Leading
Hemisphere used here DOS In-flight heat sterilization

DOS grid elements
Europa resurfacing rate

Bioburden

"Il““"" 5
m

Lethality Factors

TSS

Contaminated Regions

DS in same grid element as Lander
Non-debris post-contact shielding thickness

Overall

5 15 25 35 45 55 65 75 85 107140 10712 10720 10720 107 1074
Angle of Impact (deg) Probability of Contamination of the Nominal Mission
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