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SECTION 1

OVERVI EW

1.1 PURPCSE OF THE ENVI RONVENTAL | MPACT STATEMENT SUPPCRTI NG STUDI ES

The National Aeronautics and Space Admnistration (NASA) is
preparing an Environnental Inpact Statenent (EIS) for its proposed Cassini
mssion to Saturn. In support of this EIS, the Cassini Project at the Jet
Propul si on Laboratory (JPL) has conpiled three vol unes of pertinent
information. Volune 1 provides a summary description of the baseline Cassini
Program (i.e., the proposed action), including mssion objectives, baseline
spacecraft, |launch vehicle, and prinmary and backup m ssion designs. Volume 2
assesses the feasibility of potential spacecraft, m ssion, and power alterna-
tives, then characterizes the technically viable options in terns of their
i mpact on the spacecraft, m ssion objectives, and m ssion designs as deline-
ated in the baseline. Volune 3 inits final form wll provide (1) estinates
of the probability of an accidental Earth inpact during the baselined Earth
gravity-assist swi ngby, (2) the navigation strategies that have been desi gned
to mnimze that probability, and (3) estimates of the |ong-term (next 2000
years) inpact probability for a disabled spacecraft. The prelimnary version
of Volune 3 summarizes the requirenments of navigation strategies adopted by
the Project to mnimze accidental Earth inpact. Launch vehicle safety and
potential hazard environments will be addressed in the EIS. Al three vol unes
are discussed in the Executive Sunmary.

1.1.1 Backgr ound

As mandated by the National Environmental Policy Act (NEPA) of 1969
(42 U S.C. 4321 et seq.), as anended, Federal agency action significantly
affecting the quality of the human environnent requires an Environmenta
I npact Statenent. NASA' s regulations for inplenenting NEPA require an EI' S
for devel opment or operation of nuclear systens (CFR 1993), and foll ow the
Council on Environnental Quality regulations in U S. CEQ 1992, concerning
consi deration of 'alternatives'. These docunents constitute the Cassin
Project's support toward this effort.

1.2 CASSIN'S ROLE I N NASA' S EXPLORATI ON OF THE SOLAR SYSTEM

In pursuit of the goal of understanding the birth and evol ution of
the planetary system NASA has devel oped a strategy that calls for an orderly
progression from pl anetary reconnai ssance, through exploration, to intensive
study of each of the three regions of the solar system the inner solar system
(terrestrial planets), the prinmtive bodies (conets and asteroids), and the
outer solar system(the gas giants and Pluto). Until recently, space m ssions
to the planets in the outer solar systemconcentrated on flyby- or
reconnai ssance-type nissions. Wth the launch of the Galileo mssion to
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Jupiter, NASA began its transition to nore detailed, exploratory m ssions.
The Cassini Mssion to Saturn represents the next step in this nore detail ed
expl oration of the outer solar system using orbiters and probes.

1.3 EXPLORATI ON' S BENEFI TS TO SOOI E TY AND THE NEED TO STUDY THE QUTER
SCLAR SYSTEM
1.3.1 Exploration's Benefits to Society

Sol ar system expl oration can be viewed as providing benefits to
society on three time scales: short-term (years), md-term (decades), and
long-term (>100 years). In the short-term there are distinct political
t echnol ogi cal and econonic benefits associated with such exploration. For
i nstance, planetary m ssions provide a val uabl e opportunity to foster
international cooperation. They also drive state-of-the-art technol ogy
devel opnent such as the mniaturization, inproved speed, and greater
reliability of electronic conponents.

The md-termbenefits consist of further technol ogical, econom c,
and scientific advances. The commrerci al applications of technol ogica
devel opnents that began in the short-term soneti nes spawn whol e new
technologies in the md-term 1In a simlar fashion, the multi-disciplinary
application of space science findings can generate whole new insights into
terrestrial phenomena. For instance, neteorol ogi sts have been able to inprove
their atmospheric nmodels by testing their predictive capabilities against the
real data gathered fromother planets. A so, volcanol ogi sts and geophysi cists
have been better able to understand terrestrial geophysical phenonena as a
result of trying to explain data gathered from planetary "l aboratories" such
as lo, Mars, Venus, and the icy satellites of the outer solar system The
benefits that society reaps fromthese advances i n expanded know edge are
difficult to quantify, but it is notable that the study and understandi ng of
many significant terrestrial problens (e.g., global clinmate change) have
benefited fromthe techni ques, theories, and/or perspectives arising from
space expl orati on.

The long-term advantages are the nost difficult to assess, but may
prove to be the nost valuable. These benefits fall into three genera
categories. First, solar systemexploration provides us with a sense of our
"place' in the universe; 20th century space exploration may well be renenbered
nore for having given us our first real |look at the solar systemin which we
live than for any of the shorter termbenefits discussed previously. Second,
sol ar system expl orati on i nproves our understanding of the chem cal and
physi cal conditions needed to foster the devel opnent of life. And third,
hi story suggests that the ultinate val ue of such exploration may well be
sonet hi ng we cannot envision at the current tine -- the serendi pitous
potential that nmakes expl orati on so exciting.
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1.3.2 The Need to Study the Quter Solar System

Wil e the inner solar system (the region including the Sun, Mercury,
Venus, Earth, and Mars) tends to be the nore accessible portion of our solar
system we cannot hope to reap all the many benefits of solar system
expl oration unless we investigate the | ess-accessi ble outer solar systemas
well. There are a couple of reasons for this. First, nore than 99 percent of
all non-Sun planetary material resides in the outer solar system Mst
pl anet - si zed bodi es, including | arge nmoons, reside in the outer solar system
Hence, nost of our solar systemis, in a sense, the outer solar system

Second, a large quantitative and qualitative difference exists
bet ween the outer solar systemand the inner planets. Many of the materials
that would nmelt and/or vaporize in the inner solar systemare still preserved
as a part of the planetary atnospheres, icy nmoons, and conets of the outer
sol ar systemwhere tenperatures are nuch |ower. Exam nation of such naterials
may reveal clues about the substances present during the solar systenis
formati on and about the availability of the basic building blocks of life,
such as the carbon-rich condensed naterial believed to be in cometary nucl ei
and icy satellites. 1In short, outer solar systemexploration is key to
answering sonme of the fundanental questions pertaining to the origins of life
and our sol ar system

1-3



SECTION 2

THE BASELI NE SPACECRAFT AND ASSCCI ATED LAUNCH VEH CLE CONFI GURATI ON
FOR THE CASSI NI SPACECRAFT

2.1 BASELI NE SPACECRAFT DESCR PTI ON

In the current baseline plan, CaSBini is a three-axis stabilized,
probe-carrying orbiter (Figure 2-1), designed for scientific exploration of
Saturn and its system including the noons and rings. The spacecraft orbiter
has a mass al |l omwance of 2150 kg (4740 Ib). This is the orbiter dry mass
(i.e., without propellant) at |aunch, and includes approxi mately 335 kg
(739 Ib) of scientific instruments. Cassini's Huygens Probe and Probe support
equi pnent for the exploration of Saturn's moon, Titan, add another 352 kg
(776 1b); the spacecraft |aunch vehicle adapter will add an additional 190 kg
(419 Ib). The spacecraft orbiter will carry up to 132 kg (291 | b) of hydra-
zine for small maneuvers and the attitude and articulation control subsystem
(AACS) applications, as well as up to 3000 kg (6614 |b) of bipropellant
(monorret hyl hydrazi ne and nitrogen tetroxide) for |arger maneuvers.

The spacecraft's nmost visible features include a cylindrical shel
structure upon which the nmain electronics (located in the 12-sided el ectronics
bus) and antenna are nounted, w thin which the primary bipropellant tanks are
stacked, and fromwhi ch the mai n engi nes are suspended. The baseline design
i ncl udes three general purpose heat source, radioi sotope thernoelectric
generators (GPHS-RTGs or, sinply, RTGs) that are supported by struts extendi ng
fromthe base of this cylindrical structure; the science instruments are
supported by a boomand two palettes, or are attached directly to the main
structure. (RTGs were used successfully on the Galileo and U ysses m ssions.)

Inherent to the configuration are a variety of subsystens, including
structure, radio frequency, antenna, power and pyrotechnics, comrand and dat a,
attitude and articulation control, cabling, propulsion, tenperature control
mechani cal devices, the solid-state recorders, and nore than a dozen
m ssi on-speci fi ¢ sci ence subsystens. As nuch as possi bl e, these subsystens
have been desi gned to enhance the spacecraft’'s adaptability to future
pl anetary mssions. The Attitude and Articul ation Control Subsystem (AACS),
for instance, has been designed in a nodul ar fashion with an expandabl e
el ectronics bus to allow sinple spacecraft configuration, as well as subsystem
addi ti ons and/ or del eti ons.

Only certain portions of the spacecraft are relevant to the
assessnent of those potential environmental inpacts that are addressed in this
report, i.e., the baselined RTGs used in the power and pyrotechnics subsystem
and the Radi oi sotope Heater Units (RHUs) used in the tenperature control sub-
system Qher portions of the spacecraft which could potentially inpact the
envi ronnent, including |aunch vehicle propellants, will be addressed in NASA' s
ElIS. Propellants are a significant source of potential environnental inpact.
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2.1.1 The Power and Pyrotechni cs Subsystem

The power and pyrotechni cs subsystemconsists O the spacecraft's
el ectrical power source, its power conditioning and distribution elenments, and
the capability to initiate the el ectro-expl osive devices needed to open
propul si on val ves, separate the spacecraft fromthe Centaur, and rel ease the
protective covers on the science instruments. The electrical bus on Cassini
is designed to operate at approximately 30 volts dc (direct current).

In this baseline design, the Cassini spacecraft will get electrical
power fromthree RTGs (Figure 2-2). The three RTGs will supply over 800 watts
electrical at the beginning of the mssion. Each of these RTGs contains
approxi mately 10.8 kg (24 |Ib) of plutoniumdioxide (PuO ;) fuel; about 80% of
the plutoniumis the Pu-238 isotope at the tinme of |aunch.) The baseline plan
calls for using two conpletely new RTGs and one RTG that conbi nes new f uel
with an existing, unfueled (Glil eo/Uysses) converter; it also allows for
usi ng the common spare fromthe Galileo and Uysses nissions as a spare for
the Cassini m ssion.

2.1.2 The Tenperature Control Subsystem

To enconpass the | arge range of thermal environnents, the spacecraft
devel opers are using a conbi nation of active and passive conponents. These
conmponents include nmultilayer insulation blankets, sunshades, thermnal
coatings, louvers, radiators, electrical heaters, and one-thernal -watt RHUs.
Because the spacecraft thermal design has not yet been conpl eted, the nunber
of RHUs required is still uncertain; the best current estimate is between 130
and 230. Each RHUis fueled with approximately 2.7 g (0.006 | b) of plutonium
dioxide fuel. RHUs are used with the all-RTG desi gn because they reduce the
total amount of plutoniumrequired on the spacecraft.

2.1.3 The Propul si on Mbdul e Subsyst em ( PVB)

The Propul si on Mbdul e Subsystem consi sts of two bi propel |l ant tanks,
a 490-N (110 I b-f) main engi ne and redundant main engine for trajectory and
orbit changes, and sixteen 0.5-N (0.11 | b-f) monopropellant thrusters for
attitude control and very snall orbit changes. The bi propel |l ant engi nes use
nitrogen tetroxi de (NTO and nononet hyl hydrazi ne (MW); the nonopropel | ant
thrusters burn hydrazine. The bipropellant tanks, capacity is 3000 kg.
Pressures in both the bipropell ant and nonopropel | ant el ements are maint ai ned
usi ng hel i um

2.2 BASELI NE LAUNCH VEH CLE CONFI GURATI ON
The basel ine | aunch vehicle for the Cassini mssionis the Titan IV
Solid Rocket Motor Upgrade (SRMJ)/ Centaur, an expendable U S. Air Force |aunch

vehicle. It consists of four basic conmponents: core vehicle, solid rocket
nmotors, payload fairing, and Centaur upper stage (Figure 2-3).
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2.2.1 The Core Vehicle

The core vehicle consists of two stages with their associated
airfranmes, structures, avionics, mechanical systens, and |iquid propul sion
systens (Figure 2-4). Stage 1 contains two bi propellant |iquid rocket
engines. ne of the propellants, the oxidizer, is NTQ the other propellant,
the fuel, is Aerozine 50, a 50/50 blend of unsymmetrical dinethyl hydrazine
(UDWH) and hydrazine. Stage 2 contains a single bipropellant engine virtually
identical to the two used in Stage 1

2.2.2 The Solid Rocket Mbdtors

Two solid rocket motors strap onto the sides of the core vehicle and
contribute to the initial boost stage of the |launch vehicle as a whole
(Figures 2-3 and 2-5). These three-segnment, graphite conposite-cased notors
(Figure 2-5) provide a significant perfornmance gain over the current
seven-segnment, steel-cased notors. (The current solid rocket notors, or SRMs,
are being phased out and will not be available for the Cassini mssion.)

2.2.3 The Payl oad Fairing

The payl oad fairing (PLF) is mounted on top of the core vehicle and
encases the Centaur upper stage and spacecraft, thereby providing aerodynam c
and thermal protection for these el ements during ascent (Figure 2-6). The
fairing is an all-metal structure conposed prinarily of alum num and pi eced
together as three segments (Figure 2-7). Between 240 and 248 seconds after
liftoff, the fairing segments uncouple and jettison fromthe rest of the
[ aunch vehi cl e.

2.2.4 The Centaur Upper Stage

The Centaur upper stage burns twi ce. The first burn suppl enents
the Titan in lifting the spacecraft into the proper Earth orbit. The second
burn boosts the spacecraft to the velocity needed to escape the Earth and
injects it into the proper trajectory. The Centaur utilizes two liquid
hydrogen (LH;) /liquid oxygen (LO ;) conbustion engines. The LH , and LO, are
stored in two | arge tanks which conprise the bulk of the Centaur's interna
volume. Munted to these tanks are forward and aft adapters. The forward
adapter provi des nounting supports for avionics packages and the spacecraft's
nmechani cal and el ectrical interfaces. The aft adapter provides the structura
interface between the Centaur and the Titan. The Centaur configuration as a
whole is illustrated in Figure 2-8.
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SECTI ON 3

CASSIN M SSI ON DESCRI PTI ON

3.1 CASSIN M SSI ON OVERVI EW

Named after Jean Domi ni que Cassini (1625-1712), discoverer of the
maj or division in Saturn's rings, the Cassini mssion is a joint undertaking
by NASA, the European Space Agency (ESA), and the Italian Space Agency (ASl)
to explore the Saturnian system Baselined for |aunch from Cape Canaveral Air
Force Station in Cctober 1997, this 10.7-year m ssion involves dispatching a
probe (ESA's Huygens Probe) into the atnosphere of Saturn's |argest noon
Titan, and then having the spacecraft continue on its four-year tour of the
Saturn system Delivery of the Probe is essential to an investigation of
Titan's surface structure, as well as the chenical conposition of and energy
exchanges within its atnmosphere. The tour will involve repeated gravity-
assi st swingbys of Titan to allow viewi ng of the Saturnian rings and satellite
systemfroma variety of Sun angles and orbital inclinations. Radar nappi ng
will be performed during the Titan flybys to augment the data fromthe ot her
instruments and to provide information on Titan's surface topography.

The spacecraft will also be targeted for O ose flybys of several of
Saturn's icy satellites, where data obtained fromthe science payload will be
used to derive a better understanding of the satellites, evolution and nmakeup
In-situ and renote inmagi ng measurenents of the magnet oshere and char ged-
particle environment of Saturn will also be acconplished froma variety of
Sun/ pl anet / spacecraft geonetries.

3.2 CASSIN M SSI ON SO ENCE CBJECTI VES

Saturn is the second-largest planet in the solar system It
al so has the nost visible, inpressive ring structure. As a result of these
attributes, Saturn has been the subject of centuries O tel escopic
observations, as well as the focus of the Pioneer 11, Voyager 1, and Voyager 2
flyby mssions. Yet many questions about Saturn and its noons remain that, if
answer ed, coul d possibly provide clues to how the sol ar system evol ved and how
life began on Earth. For instance, questions pertinent to how life began on
Earth i ncl ude:

What chem cal processes produced the at mosphere of hydrocarbons
and ot her organi c nol ecul es unique to Saturn's | argest noon
Titan? Do these hydrocarbons exist in liquid formon Titan's
surface?

I's the dark hem sphere of one of Saturn's icy noons, |apetus,
conprised of organic material? 1Is this naterial related to the
organic material in Titan's atnosphere and to the dark materi a
on conets, asteroids, and Phobos and Dei nos, the dark noons of
Mar s?
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Questions pertaining to the evolution of the solar systemi ncl ude:

. By what processes did Saturn acquire so much orbital debris?
What processes organi zed the debris into the intricate
structure of rings and enbedded noonl ets now surrounding it?
What is the conposition of this debris?

. How does the chem cal and physical conposition of Saturn
conpare with that of Jupiter?

* Wit is the nature of Saturn's magnetospheric interactions with
dust and moonlets in the ring plane and what does it tell us
about the interactions O plasma, dust, and radiation at the
begi nni ng of the solar systen?

The Cassini mission will endeavor to answer these and many ot her
simlar questions by pursuing five primary areas of study:

(1) investigation of Saturn

(2) investigation of Titan

(3) investigation of Saturn's icy satellites;
(4) investigation of Saturn's rings; and

(5) investigation of Saturn's magnet osphere.

3.2.1 I nvestigation of Saturn

The previous flyby mssions to Saturn have all owed only short -
duration, renote neasurenents of the Saturnian system Such neasurenents have
been sufficient to give only a general determnation of w nd speeds in the
pl anet's upper atnosphere. Cassini will investigate cloud properties and
at nospheric conposition, wind patterns and tenperatures, Saturn's interna
structure and rotation, and the planet's ionosphere. The mssion will also
i nvol ve high-inclination orbits so that these studies can be conducted in
Saturn's polar regions as well as in its equatorial regions.

3.2.2 I nvestigation of Titan
Because Titan i s enshrouded by dense clouds, little is known about
its surface. Instrunents carried by the Cassini spacecraft and Huygens Probe

wi Il provide a much better understanding of the abundance of el enents and
conmpounds that conpose this noon's atnosphere, the distribution of trace gases
and aerosols, winds and tenperature, as well as its surface state and
conposition. In particular, the spacecraft's radar will be used to penetrate
Titan's atnosphere and reveal its surface characteristics, just as the
Magel | an spacecraft has done at Venus.



3.2.3 I nvestigation of Saturn's Icy Satellites

Saturn's other noons are ice-covered bodies. Cassini will exam ne
their physical characteristics and investigate their geol ogical histories.
These studies will consider how their surfaces have evol ved over tine, the
conposition and distribution of materials on their surfaces, their interna
structure, and how they interact with Saturn's nagnetosphere. O particul ar
interest is the half-dark, half-light moon, lapetus. The light side of the
nmoon is believed to be conposed of ice, the dark side possibly of some organic
mat eri al

3.2.4 I nvestigation of Saturn's R ngs

The Voyager flybys in 1980 and 1981 proved Saturn's ring systemto
be much nore conplex than previously realized, with intricate braiding” in
sone parts of the system Cassini will permt detailed studies of ring
structure and conposition, dynam c processes, dust and m croneteoroid
environnents, and of interactions between the rings, magnetosphere, and
satel lites.

3.2.5 I nvestigation of Saturn's Magnet osphere

Saturn's magnet osphere is the region of space under the dom nant
i nfluence of the planet's nmagnetic field. Cassini will carry instruments to
study the configurati on and dynam cs of the magnet osphere; the nature, source,
and fate of its trapped particles; and howit interacts with the solar w nd,
satellites, and rings. One particul ar phenormenon of interest is the Saturn
Kilometric Radiation (SKR), a poorly understood, very |ow frequency
el ectromagnetic radiation that scientists believe is being emtted by the
auroral regions in Saturn's high latitudes.

3.2.6 I nvestigati ons Necessary for |Inplenentation of the Cassini M ssion
Sci ence (bj ectives

The m ssion science objectives enunerated above are summarized in
Table 3-1. The specific investigations associated with these objectives are
delineated in Tables 3-2a, 3-2b, 3-2c, 3-3, and 3-4. In Tables 3-2b and 3-Zc,
a solid bullet indicates that a notable contribution is nmade toward that
obj ective. Each of the objectives is addressed by one or nore of the
i nvestigations; each investigation contributes in a nagjor way to multiple
obj ecti ves.



Tabl e 3-1.

Sumrary of Cassini M ssion Science (bjectives

TITAN
OBJECTIVES

Determine abundances of atmospheric constituents including any noble
gases), establish isotope ratios for abundant elements, constrain
scenarios of formation and evolution of Titan and its atmosphere.

Observe vertical and horizontal distributions of trace gases, search for
more complex organic molecules, investigate energy sources for
atmospheric chemistry, model the photochemistry of the stratosphere,
study formation and composition of aerosols.

Measure winds and global temperatures; investigate cloud physics,
general circulation, and seasonal effects in Titan's atmosphere;
search for lightning discharges.

Determine the physical state, topography, and composition of the
surface; infer the internal structure of the satellite.

Investigate the upper atmosphere, its ionization, and its role as a source
of neutral and ionized material for the magnetosphere of Saturn.

SATURN
OBJECTIVES

Determine temperature field, cloud properties, and composition of the
atmosphere of Saturn.

Measure the global wind field, including wave and eddy components;
observe synoptic cloud features and processes.

Infer the internal structure and rotation of the deep atmosphere.

Study the diurnal variations and magnetic control of the ionosphere of
Saturn.

Provide observational constraints (gas composition, isotope ratios, heat
flux, etc.) on scenarios for the formation and evolution of Saturn.

Investigate the sources and morphology of Saturn lightning, including
Saturn Electrostatic Discharges (SED) and lightning whistlers.

RING OBJECTIVES

Study configuration of the rings and dynamical processes (gravitational,
viscous, erosional, and electromagnetic) responsible for ring structure.

Map composition and size distribution of ring material.

Investigate interrelation of rings and satellites, including imbedded
satellites.

Determine dust and meteoroid distribution in the vicinity of the rings.

Study interactions between the rings and Saturn's magnetosphere,
ionosphere, and atmosphere.
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Tabl e 3-1, continued.

ICY SATELLITES
OBJECTIVES

Determine the general characteristics and geological histories of the
satellites.

Define the mechanisms of crustal and surface modifications, both
external and internal.

Investigate the compositions and distributions of surface materials,
particularly dark, organically rich materials and low melting point,
condensed volatiles.

Constrain models of the satellites' bulk compaositions and internal
structures.

Investigate interactions with the magnetosphere and ring systems and
possible gas injections into the magnetosphere.

MAGNETOSPHERE
OBJECTIVES

Determine the configuration of the nearly axially symmetric magnetic
field and its relation to the modulation of Saturn Kilometric Radiation
(SKR).

Determine current systems, composition, sources, and sinks of
magnetosphere-charged particles.

Investigate wave-particle interactions and dynamics of the day-side
magnetosphere and the magnetotail of Saturn and their interactions with
the solar wind, the satellites, and the rings.

Study the effect of Titan's interaction with the solar wind and
magnetospheric plasma.

Investigate interactions of Titan's atmosphere and exosphere with the
surrounding plasma.

3-5




Table 3-2. Saturn Orbiter Investigations of Saturn and Titan
Table 3-2a. Instruments
Acronym Instrument II Acronym Instrument
INMS lon and Neutral Mass Spectrometer [ CDA Cosmic Dust Analyzer
1SS Imaging Science Subsystem CIRS Composite Infrared Spectrometer
RADAR Cassini Radar MAG Dual Technique Magnetometer
RSS Radio Science Subsystem MIMI Magnetospheric Imaging Instrument
VIMS Visual and Infrared Mapping Spectrometer RPWS Radio and Plasma Wave Science
CAPS Cassini Plasma Spectrometer uvis Ultraviolet Imaging Spectrograph
Table 3-2b. Saturn Orbiter Investigations of Titan
» « o » v " -
INVESTIGATION = |a|35|8|8|s|S5|828|¢]|E 21
2|17 |18 |®|5|o|o|o|l=]8]|8&]|>5
TITAN
Atmospheric abundances ® { ® ® o ]
Atmospheric chemistry and distribution of species;
aerosols L d o L
Atmospheric circulation and physics [ [ ®
State and composition of surface; interior o ®
Upper atmosphere énd relation to magnetosphere o ® ® o ® ® ®

Notable Contribution(s)




Table 3-2c. Saturn Orbiter Investigations of Saturn, Its Rings, Icy Satellites, and Magnetosphere

%) 5 »n < 7 L) = -4 @
1ON s |2 3| = a | = S
INVESTIGATIO 2 ] 3 4 g § q S § g 3
SATURN
Atmospheric and cloud properties and composition [ ] o ] ® [ ]
Synoptic features and processes; winds and eddies [ ] ] [ ] ®
Internal structure and rotation of deep atmosphere ® ® ® e ®
lonospheric diumal variations and magnetic control ] ® [ ] ® ® [ ]
Physical and compositional properties and evolution ® [ ] o o ® e
Lightning (SED, whistiers) ] ®
RINGS
Configuration and processes o [ ] ® ® ® ®
Composition and particle size ] ] [ ] L ® ® ® [ ]
Interrelation with satellites ® ® ] [ ] [ ® ®
Dust and meteoroid distribution ® ® L ®
Interactions with Saturn magnetosphere, lonosphere, and atmosphere L4 [ ] L ® o ® [ ] ®
ICY SATELLITES
Characteristics and geological histories [ ] e ® [
Mechanisms of modification ] ® ] [ ] @
Composition and distribution of surface materials, especially dark,
] ® ] ®
organic rich, and condensates
Bulk compositions and internal structures [ ] L [ ] ®
Interactions with magnetosphere and rings [ J ® ® ® [ ] ® ® [ ] ®
MAGNETOSPHERE OF SATURN
Configuration of magnetic field and relation to SKR L ®
Charged particle currents, compositions, sources, and sinks ® ® o ® [ ]
Wave-particle interactions and dynamics ® [ ] [ ] ]
Titan's interaction with solar wind and magnetospheric plasma o ® ® L4 e ® ®
Interactions of Titan's atmosphere and exosphere with surrounding '
: ® e (] [ ] ® ® ®
plasmas

® = Notable Contribution(s)



Tabl e 3-3. Huygens Probe Investigations of Titan

Acronym | Instrument Investigation
ACP Aerosol Collector Pyrolyser Clouds and aerosols in Titan's atmosphere
DISR Descent Imager and Spectral Temperatures, atmospheric aerosols, and the
Radiometer surface
DWE Doppler Wind Experiment Wind
GCIVIS Gas Chromatograph and Mass Chemical composition of atmospheric gases
Spectrometer and aerosols
HASI Huygens Atmospheric Structure Physical and electrical properties of Titan's
Instrument atmosphere
SSP Surface Science Package Physical properties of Titan's surface

Table 3-4. Interdisciplinary Science (IDS)

Saturn Orbiter
Aeronomy and Solar Wind
Interactions
Atmospheres
Magnetosphere and Plasma
Origin and Evolution
Rings and Dust
Satellites

Huygens Probe
Titan aeronomy
Titan atmosphere and surface

Titan chemistry exobiology
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3.3 THE BASELI NE CASSINI M SSI ON DESI GN
3.3.1 The Baseline Primary M ssion Design

The baseline Cassini Mssion is scheduled for launch within a
25-day period begi nning Cctober 6, 1997. Using the Titan |V/ Centaur |aunch
vehicl e described in Section 2, the spacecraft will be injected into a
6. 7-year WEJGA (Venus-Venus-Earth-Jupiter-Gavity-Assist) trajectory to
Saturn, as shown in Figure 3-1

The first Venus swingby will occur in April 1998. The follow ng
Decenber, a maneuver will occur to place the spacecraft on course for the
second Venus swingby in June 1999. Due to the Earth's unique orientation
relative to Venus during this tinme period, the spacecraft will be able to fly
on to Earth in slightly under two nonths, where it will obtain another gravity
assi st in August 1999.

After flying past the Earth, the spacecraft will sw ng out toward
Jupiter, passing through the asteroid belt. Due to limted propellant
reserves, lack of adequate ground systens for support, and the absence of a
readi |y accessible asteroid of appropriate size, an asteroid flyby along the
way is not planned. In Decenber 2000, the spacecraft will swing by Jupiter to
obtain a fourth and final gravity assist.

For several months prior to arrival at Saturn in June 2004, the
spacecraft will performscience observations of the Saturnian systemas it
draws nearer to its destination. The intensity and pace of observations will
i ncrease sharply during the last few days, prior to the execution of the
Saturn Orbit Insertion (SA) burn. The spacecraft's closest approach to the
pl anet during the SO phase, at about 1.3 Saturn radii, is the closest of the
entire mssion. Because this provides a unique opportunity for observing the
i nner regions of the ring systemand magnet osphere, the roughly 1.5-hour
orbital insertion burn will be del ayed about 0.75 hours fromits optimal point
to permt such science observations.

After SO, the spacecraft will swing out to the nost distant point
inits orbit around Saturn (about 200 Saturn radii), and then swing in again
to achieve an encounter with Titan in Novenber 2004 (Figure 3-2). About three
weeks before Cassini's first flyby of Titan, the spacecraft will rel ease the
Huygens Probe, targeted for entry into Titan's atnosphere. Two days after
Probe release, the Orbiter will performa deflection maneuver to be in
position to receive scientific informati on gathered by the Huygens Probe
throughout its estimated 2.5-hour parachute descent to Titan's surface. The
Obiter can remain in position to receive information fromthe battery-powered
probe for up to three hours, which would include data collected at the surface
if the probe survives its landing. Al data gathered by the probe wll be
stored on the Orbiter for later transmssion to Earth.
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The spacecraft will then continue on its tour of the Saturnian
system including multiple Titan swi ngbys for gravity assist and sci ence
acquisition. The Titan swi ngbys and Saturn orbits will be designed to all ow
maxi mum sci ence coverage, including the acquisition of science data from
Saturn's icy satellites. By the end of the four-year tour, the orbita
inclination will have been increased froman initial value of 10.5 degrees to
approxi mately 80 degrees, allow ng investigation of the environment at high
latitudes. 1In particular, the spacecraft will investigate the source of the
uni que Saturn Kilonetric Radiation (Subsection 3.2.5). The 10.7-year nom nal
mssion will then end in June 2008.

3.3.2 The Basel i ne Backup m ssi on Design

In the event that a problemshould arise with the spacecraft or
| aunch vehicle, causing a delay in the launch date for the prinary trajectory,
a launch date for the backup trajectory has been schedul ed for March 1999,
around 17 nmonths after the primary m ssion | aunch opportunity. The baseline
Cassi ni backup m ssion would be able to fulfill scientific goals simlar to
the primary missions, including the four-year satellite tour. This |onger
cruise time increases the probability of spacecraft mal function. The tine in
storage al so provides opportunity for nal function

The basel i ne backup trajectory is a nuch |onger, 9.8-year VEEGA
(Venus-Earth-Earth-Gavity-Assist) trajectory. In this trajectory, the
gravi ty-assi st sequence begins with a June 2000 sw ngby of Venus, after which
the spacecraft proceeds to Earth for a second gravity assist in August 2001
Thi s second assist propels the spacecraft on a broad, sweeping arc through the
asteroid belt. In August 2004, Cassini arrives back at the Earth for a third
and final gravity assist. This assist catapults the spacecraft toward Saturn
allowing an arrival at the ringed planet in Decenber 2008. The Probe delivery
and tour portions of the mission are very simlar to those described for the
baseline mission, with the tinetable shifted to reflect the 2008 arrival date.
The different arrival date, however, is |less desirable than that of the
baseline primary. Aside fromthe four-year delay in science return conpared
with the baseline, it also offers a much | ess advant ageous geonetry of
Saturn's rings, both as seen fromthe Earth and fromthe spacecraft.
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