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Over a Dozen Forward Contamination Events
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What is the potential for contamination transport from one location to another?
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Transport Considerations

* SourceFunction
* Total contaminant reservoir
 Viable reservoir fraction
* Mobilization processes and transport vector

* Transport
¢ Wind
* Turbulence
* Sedimentation
* Aerosol and microphysical interactions

* Sinks/Destruction Mechanisms
* lonizing radiation
* UV spectrum
e Chemistry
* Temperature
* Humidity/Water activity
* Electrodynamics
e Others?
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Transport Considerations

Direct Lifting Saltation Lifting (PL)
N O o €

* SourceFunction Contaminated Spacecraft Subétrate
* Total contaminant reservoir

* Viable reservoir fraction
* Mobilization processes and transport vector

Ground during Surface Ops SOL=50

Particles (#/m2) 5.0x10™ 20610 35x10™ 50x10" 65c10™ 80x10™

Fig. 4. Illustration of particle resuspension and transport
for the Mars 2020 rover on the surface of Mars
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Transport Considerations
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* Transport
¢ Wind
* Turbulence
¢ Sedimentation
* Aerosol and microphysical interactions

Near-Surface
Windsin the Gale
CraterArea.
(Rafkinetal.,,
Icarus, 2016)
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Transport Considerations

e Sinks/Destruction Mechanisms
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lonizing radiation

UV spectrum
Chemistry

Temperature
Humidity/Water activity
Electrodynamics
Others?
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ENV
Corrected

Measurements for the
Mars Science Laboratory
RAD and REMS
Investigation (Guo et al.,
2015)

UVABC flux from MSL
REMS (Vicente-Retortillo
et al.,Space Sci. Rev,,
plopJe)!
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Transport Considerations

* SourceFunction
* Total contaminant reservoir
 Viable reservoir fraction
* Mobilization processes and transport vector

* Transport
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Thisis a highly interdisciplinary problem.

Many of the elements are poorly understood,
poorly constrained, or highly uncertain.

Parametric studies and simplifications can
bound the problem.

This study:
 Ignore source function.
* Ignore sedimentation and microphysics.
e Ignore destruction.

Future Work will incrementally add complexity
to encompass additional source, transport, and
destruction mechanismes.
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Modeling Transport at MSL: Tracers and Trajectories in
the Mars Regional Atmospheric Modeling System

MRAMS Computational Grids

The Mars Regional Atmospheric Modeling System (MRAMS)

e A dynamic atmospheric model that calculates the time-
varying atmospheric properties (Rafkin et al., 2013, 2020).

* Includes topography and realistic surface properties.

» Nestable: high-resolution coverage over limited domains
and coarser resolution over larger domains.

Tracers Trajectory
* Initialize a passive tracer at MSL. * Calculate the transport of a single particle by the
model wind.

* Att=o, tracer fills lowest level model grid box (3 km x 3 km x 14 m).

: : : * Provides quantitative information on actual particle
Model winds and parameterized turbulence transport and mix tracer. trajectories and histories.
* Better suited to a gas that can be diluted, but instructional for

: ¢ Can determine environmental properties along
particles.

trajectory.
* Provides some quantitative measure of dispersion and

e " * Ensemble/Monte Carlo simulations quantif
contamination probability. / g )4

atmospheric transport chaos and chaotic attractors.

5April 2021 National Academy of Science Planetary Protection Rafkin 8



EETr e s ‘.
B R R S T = SR PN

B N & Al o CSPE RN
Frreasae ety g b AN AR R AR  w Ry an
e S Y TR SR
OSSR I SRR L L L S
RS L L RSN,

D R P L T L PPN
Bl v e gne kR KRAR, L iaa e BRRRR Y Ak a H
A r s Pes A RARR R vy p v A A R NRKARRAR P PR p s

L T R e L LR LR Iy O,

ara u:li‘.v»\:.c...:-il\u\u((..:1:.2q\.qu.‘..riurw\fl
R A L L L R TR e P
B e e LR LT P SR
AT R e N LR R R P R P i
NEPPET T, I 2 P ST ......k....., L L e T
L L S R R e

15

v
.
t
PSS
® & 8 A AN
PRPRP R P i
b BT
B, .. ol
. 1410\\\.\. ]
s et

3000

AN et T AR R F oy 2% R
n--i:_v.».-\n.\-:wu.&/.«- »-rw:»»..L.v.: § —=k »r
L R e TR T RVCL LR A ARy A e
AL D PRCE VNN SRl hq v AN P
AARAARTE A bpa € by GBS e S <
PARPAAAN A vy aw L g v PP SHN
AN e o mee ¥ “» A
Amaan 1 Py, //ol\hl o A St
<r &1!»-“.,\‘.; P A
L R L O N,
e PP
e SRR NN .//nf”M
APIARAL A A cay w B ASTNR 4 2P Brnnn A g F By .,.;“/I./,WV...«
\.\.\\\.\V.\n\\\}...:l.:l.:..\?..?.u.\!.rrralqhe.fzfux\w

2500

N . st
%

W W et e A s

distance (km)
distance (km)

2000

e

A S PR

1500

L SR

Ls 270

Normalized Concentration Grid 4 2400 LMST

e N N L L SR N TR
P P T R e T Bl MRS
\\\It&\.hu'\-\\v_:nl L R B
Prs s AN At AAanly A

A E A \\\.\P PR 1\-: va .m -~ I L b n s e P P IO
AT BT \\\3”\:3 m@» aataRrne | e g2 r A2

T

1000

R T

PO

NN T ey

Normalized Concentration Grid 2 2400 LMST

xS [ SR SR E VY =
e e N N7 At it t svar At b F PP
S e e s T R L L N
—asran szt 2k AT LA LD ammmnnt
orr 22 A NN PPana it bt

500

o
[=] =1 =] =] =] =] =] =] [=] =] =] [=] [=] =] (=] [=] [=3 (=] [=] [=)
2 =1 S =1 =1 =] =] =] =] =1 =] 2 I=3 =1 =1 [=3 =1 =1
& @ ~ @ ) + =] & - I = 0 =3 0 =] a3 =] ']
~ - " ” N ~ - -

(wy) =oupysip (wy) soupysip

=1.0at
8o km

tration
8.8 km

MSL in Gale Crater
grid spacing

Grid 4:
grid spacing
Grid 2

—4
—4

Ing concen

Logio(concentration)

Start

SR e T v
B el T o s
B R e S R PR et S e ST
A e e T ok T ..r.(.?.ﬂtf.\\.y.\..
PRAKYL gy R T N A, e-\:.o...:z. e P,
L R e R W .:.,f:.:..\.?..ffu;z s e

PR ALY >.£ __-\Ruflff/ffﬂk.‘./{

G T R iy -.A\rfff.r.._/ffv [

ke ¥y b s AN R e
Pva v weny up et Ttk dae R RRARRRE AR AR RS &
PRI PSR SL SEPE Y .....»f.-..f.ff.,f;.rzﬁz/.3«,,: =
Toaueanbvarrae «.a-t: “re g r ROARERRAKARKRARN, | oy,
D R L P URVILY .T#a/—/;fn.ﬂ.f;.,x ANRR vy

TR T
YNy Ny
bkt T
b T e s ox
R
ara

.

R D P T PR TSPl :.f-,;/;,..rrfﬂf/v, KA A qaprne o4
€tk T e g e PR e v e SRR RR R s
BB a N A Ve g R BB re To s AN RRAR R W R Rk S py vt < s
B B N S I Rt D)
4TINS Axay J T PP PSS & AL P
i PP L PP
VeasTuvarsbext atie Arme yas ra anh t LR oD L]
Bdvbadr TR e wayy <A 9 i Astvaim v web 201
Badcudaarhday | ghctay et . faamme , ya4 5t
ShaAsaa® A Thadeuy veaira P P O
SramgAREALyL & L T L N LT
BrANARPRARITC, ST anadrL R gk o e e
B N

....?arfff\.‘.xw:k‘\iu
L A LA I
AABAREE L auattley ﬁ.:-.f«/ S L I DD
Aaaamas, (eREE R K, RER AR f ey o bt R ety e
B N LN SO ’

distance (km)

—_
£
X
=<
©
o
<
o
2
@
©

Ls 9o

Normalized Concentration Grid 4 2400 LMST

...-...a.-!...-.cp-.;n;f.;!ﬁff{f:ﬁ,/:an..:::L:
PEARrs g rare s a ARRRE e nwe® e AT PRy b ygy gt A
X e A AR AR bR R L MKa L R ARR R AR e e Lkt
Faviyarsar aRARARR G o e e (AN AT rRR R e o
.A..;c»r%..:a»a:‘r\tf&rfﬁrfov»:::C.I'f:.va.;..
SRR b A ARRR R AR AR L PR i Aavan, b et PRRARRRRE ARG
O i R L AL L T
e AL L L LR R R T
Bredtnn et m kn T hh ok, e p A P EE L RR L rae e gt
.:.3.,31..:_3}..::}T:4L;fZZ:.:.,.:Z
hadennnn thne foataber o an tEHER 20 1R L in e mrimec i o
[ R B S L T
Saasnnntnlon A A ferree Sxannne d AR A paini il Lares
..:.a.:;rfI.,:.rf,.a,)fﬂ..v,..:Zﬁf..:1.:,......,

Normalized Concentration Grid 2 2400 LMST

=3 =3 =] =] =] =] [=] =] =] =]
=1 =1 =l =1 =] =] =] =] =]
& @ ~ @ "] + ] B =

(wy) soubysip (wy) soupisip

Example Tracer Experiment
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Example Trajectory Experiments Ls go with 12 Hour Integration

Morning Release
Single Trajectory 3-D Single Trajectory Ensemble of 48

Tracer 1 after 12.0 hours Integration Gale Ls 90 z=1
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Rough Calculations (2/2)

* Assume source of 1 particle per m3in a model box (3 km x 3 km x 14 m).
* A spacecraft of 6 m? surface area fluxing 200 particles per meter squared per sec
fills this volume in ~2.5 sols.

* Our tracer experiments indicate a dilution of at least g orders of
magnitude a few hundred km away.

* Yields 1 particle per 109 m3in the lowest 14 m
* 1 particle per7x107 m2 (Note: Mars surface area = 1.4Xx10% m?)

* Assume that all particles in this box fall to the ground => add 1 particle
to an area of 70 km? every 2.5 sols.

* In 100 Mars years ~27,000 particles would accumulate in that area.
* 27,000 particles per 7x107 m2 after 100 years.
e Two particles per football field after 100 years.
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Rough Calculations (2/2)

M2020 surface samplesizeis order 0.01 mx
0.01 M = 1X104m?=.

!
Probability of collecting this particle is: 104 m?2 R B
+ 2.7x103 m?/particle=3.7x10°8. ) 7‘ TR Y

Sk
|

Viking 2* = |
b | i =

| | Mars2020 [ [

Pa:thﬂndar': * ExoMars
* Probability of royal flush: 1.5x10°®. |

e Oppbﬂunity'&hiapamlii | Beagle 3! ;:f:s:'_l;..
* Probability of getting struck by lightning(in U.S.) DR | L
ina Iifetime:6.5x10"9. B T i ;s T

* Probability of getting killed by meteorite (est.): deed
4X107°, -

* Hence, probabilityisvery, very low.
Rough calculations, backed by preliminary

| Spirits

: Mars ;Pol_ag Larider .

e Closest contamination site to M2020 is Beagle 2

model results, generallyindicate @ ~8ookm.
contaminationisonly alocal/regionalissue. * 17Yyearsago, not 100 years.
Our rough calculations will be refined with e Algaceutin Uty tluxing 200
ongoing modeling, including back trajectory particles/m?/sec for 100 years.
calculafions, timevarying source functions, * Beagle not continuously upwind of M2020.
and sink processes. « Degradation of organics not factoredin.

* Notall particles in lowest layer will settle to

surface.
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n 5 . Top 5 Lessons from MRAMS
- Transport Experiments
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5. Transport circulations are complex and vary strongly in space and
time (minutes to seasonal).

4. Transport is location specific.
3. Mars transport tends to be highly dispersive.

2. Contamination typically drops by many orders of magnitude (e.q.,
10*?) outside of immediate source region and continues to fall with
distance.

1. The probability of transporting a single particle into a small
sampling area hundreds of km away is excruciatingly small.
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