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Key Challenge Facing the Planetary Science Decadal 

Survey (PS -DS)

ü Translate  òAn inventory of the top-level scientific questionsó into(1) òthe optimum 

balance among small, medium, and large missions,ó (2) òa prioritized list of major 

flight investigations in the New Frontiers and larger classes,ó and (3) òa list of 

important science goals which could be achieved by small spacecraft (Discovery and 

Scout class) missionsó

} To achieve objectives (1), (2) and (3) above, members of the Survey will have to 

create and sort through scores of mission concepts

} A successful outcome REQUIRES that the concepts be at similar levels of 

maturity because cost uncertainty scales directly with concept maturity

} Hence, the Survey needs a tool for assessing the concept maturity level of 

every Decadal Survey mission concept
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o LAND 76

Mission Concept Maturity at òApprovaló vs Subsequent 

Mission Implementation Cost Over Run

o OMV

o ACT

o SEASAT

o ERB 

o LAND 78

o UARS

o COBE

o ERB-80

o GRO-82

o VOYAGER

o SMM

o ISEE

o HEAO

o GOES-IM

o CENTAUR

o IUE
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Key Messages for the PS -DS, NRC and NASA

1. An investment of 10-15% of total mission cost is required to 

reach 10-30% cost-estimate uncertainty
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2. There is no way that the PS-DS or NASA can support such a 

level of investment for scores of mission concepts

3. Hence, NASA and the PS-DS must temper their 

expectations for what the Survey will produce

4. Focus instead on:  Achieving a similar level of concept 

maturity and therefore cost uncertainty for ALL concepts to 

be consider.

ü Concept Maturity Level (CML) is enabling
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Absent a Common Language and a Yardstick,

One Personõs Concept is Anotherõs Doodle

Trades Comments

Launch vehicle Atlas V Delta IV-Heavy Ares V Ares V considered acceptable only for sample 

return concepts launched post 2020.

Cruise propulsion SEP + GAs Chemical + GAs Propulsive only Good performance from Chemical+Gravity 

Assists (GAs). SEP+GAs warrants further 

consideration, but new optimized trajectory 

search is needed.

Capture into Saturn system Titan aerocapture 

(aerogravity assist)

Propulsive capture Aerogravity assist saves mass and also saves at 

least several months in pumpdown .

Pump-down mission design Enceladus/Titan 

GAs only

Multiple moon GAs 

only

Multiple moon 

propulsively-

leveraged GAs

REP+GAs Other options found to be too high delta-V or 

flight time.

RPS type MMRTG ARPS (advanced 

Stirling)

ARPS specific power higher, efficiency much 

higher (less Pu needed).  Guidelines allowed 

ARPS as acceptable and available option for 

flagship studies.

Orbiter implementation Enceladus Orbiter Low-Energy 

Enceladus Multiple-

Flyby (Saturn 

Orbiter)

High-Energy 

Enceladus Multiple-

Flyby (Saturn 

Orbiter)

Lander/Probe implementation Fly-Through 

Probes and 

Impactors

Rough Landers Soft Landers Orbi-Landers Priority placed on having in-situ measurements 

from surface.

Number of landers None One Three (regional 

distribution)

Five (larger-scale 

distribution and/or 

redundancy)

Lander lifetime/duration Short-lived (~2 

weeks on primary 

battery or fuel cell)

Long-lived (~1 year 

on RPS)

Lander mobility type Stationary Locally mobile (~10 

km)

Regionally mobile 

(~100 km)

Globally mobile Considered propulsive "hopper" type concepts 

for soft landers.

Legend:

Acceptable and 

evaluated in this 

study

Acceptable but not 

evaluated in this 

study

Unacceptable

Alternatives and Selections
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Science Goals, Enceladus Mission Science Assessment - 0-10, 10 best

1.  What is the heat source, what drives the plume 10 6 7 4 5 5 2 1 3 6 1

2.  What is the plume production rate, and does it vary 8 8 9 8 9 9 7 3 8 7 3

3.  What are the effects of the plume  on the structure and 

composition of Enceladus? 5 8 9 6 7 7 4 3 5 8 2

4.  What are the  interaction effects of the plume on the 

Saturnian system 3 7 7 7 6 6 8 7 8 7 7

5.  Does the composition and/or existence of the plume give 

us clues to the origin and evolution of the solar system 7 7 7 6 7 7 7 5 7 7 3

6.  Does the plume source environment provide the 

conditions necessary (or sufficient) to sustain biotic or pre-

biotic chemistry 5 8 8 6 7 8 6 5 7 8 3

7.  Are other similar bodies (Dione, Tethys, Rhea) also 

active, and if not, why not? 6 8 8 8 8 8 8 7 8 8 5

Value by Architecture, summed 52 55 45 49 50 42 31 46 51 24

Value by Architecture, weighted, summed, normalized 0.46 0.493 0.393 0.439 0.446 0.353 0.246 0.393 0.449 0.187

or

5

HIGH Cost Uncertainty LOWER Cost Uncertainty



We Need a Language or a Yardstick ðJust Like TRLé

It Has Become a Powerful Communications Tool
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} TRL has become a universal 
language

} Commonly used in AOs, briefings, 
conference sessions, peer-reviewed 
literature

} NPR 7120.8 defines NASA-wide 
standard

} ñTRL 6 by PDRò 

} TRL sets expectations despite 
variations in interpretation
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Defining TRL Through Attributes
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} USAF scores 47 attributes for 

TRL 6

Draft design drawings are 

nearly complete

Draft production planning has 

been reviewed by end user 

and developer

ñAlphaò version SW has been 

released

TRL 6
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