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This supplement to the 1995 Cassini mission Environmental Impact Statement (EIS)
focuses on information recently made available from updated mission safety analyses. This
information is pertinent to the consequence and risk analyses of potential accidents
during the launch and cruise phases of the mission that were addressed in the EIS. The
type of accidents evaluated are those which could potentially result in a release of
plutonium dioxide from the three Radioisotope Thermoelectric Generators (RTGs) and
the up to 129 Radioisotope Heater Units (RHUs) onboard the Cassini spacecraft. The
RTGs use the heat of decay of plutonium dioxide to generate electric power for the
spacecraft and instruments. The RHUs, each of which contains a small amount of
plutonium dioxide, provide heat for controlling the thermal environment of the spacecraft
and several of its instruments.

Consistent with the commitment it made in the EIS, the National Aeronautics and Space
Administration (NASA) has evaluated the information recently made available and has
determined that preparation of this Supplemental Environmental Impact Statement (SEIS)
for the Cassini mission will further the purposes of the National Environmental Policy Act
(NEPA). :

The planned Cassini mission is an international cooperative effort of NASA, the European
Space Agency, and the Italian Space Agency to explore the planet Saturn and its
environment. The Cassini mission is an important part of NASA’s program for
exploration of the solar system, the goal of which is to understand the system’s birth and
evolution. The Cassini mission would involve a four-year scientific exploration of Saturn, .
its atmosphere, moons, rings and magnetosphere. The scientific information gathered by
the Cassini mission could help provide clues to the evolution of the solar system and the
origin of life on Earth.
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The Cassini EIS was made available to Federal, state and local agencies, the public and
other interested parties on July 21, 1995. In addition to the No-Action Alternative, the
1995 Cassini EIS addressed, in detail, three alternatives for completing preparations for
and operating the Cassini mission to Saturn and its moons. On October 20, 1995, utilizing
the analyses in the 1995 Cassini EIS, along with other important considerations, such as
programmatic, technical, economic, and international relations, the Record of Decision
(ROD) selecting the Proposed Action was rendered.

The Proposed Action and preferred alternative addressed in this SEIS consists of
completing preparation for and operating the Cassini mission to Saturn and its moons,
with a launch of the Cassini spacecraft onboard a Titan IV (SRMU)/Centaur. The launch
would take place at Cape Canaveral Air Station (CCAS) during the primary launch
opportunity in October-November 1997. A secondary launch opportunity occurs in late
November 1997-January 1998, with a backup opportunity in mid-March-April 1999, both
using the Titan IV (SRMU)/Centaur. The primary launch opportunity would employ a
Venus-Venus-Earth-Jupiter-Gravity-Assist (VVEJGA) trajectory to Saturn; the secondary
and backup opportunities would both employ a Venus-Earth-Earth-Gravity-Assist
(VEEGA) trajectory. The Proposed Action would allow the Cassini spacecraft to gather
the full science return desired to accomplish mission objectives.




EXECUTIVE SUMMARY

This Supplemental Environmental Impact Statement (SEIS) has been prepared in
accordance with the National Environmental Policy Act of 1969 (NEPA), as amended (42
US.C. 4321 et. seq.); the Council on Environmental Quality Regulations for Implementing
the Procedural Provisions of NEPA (40 CFR Parts 1500-1508); and the National
Aeronautics and Space Administration’s (NASA’s) policy and procedures (14 CFR
Subpart 1216.3) to support the decision-making process concerning the Proposed Action
and alternatives for NASA’s Cassini space exploration mission.

NASA completed development of the Cassini mission Environmental Impact Statement
(hereafter denoted 1995 Cassini EIS) with distribution of the Final EIS to the public and
other interested parties in July 1995. The Record of Decision (ROD) was rendered in
October 1995. The 1995 Cassini EIS contained NASA’s evaluation of the potential impacts
of completing preparations for and implementing the Cassini mission, with particular
emphasis on accidents that could potentially occur during launch and cruise phases of the
mission, and which could impact human health and the environment. While the 1995
Cassini EIS analyses used the best information available at that time, the 1995 Cassini EIS
noted that NASA and the U.S. Department of Energy (DOE) were continuing to analyze
and evaluate additional accident scenarios specific to the Cassini spacecraft and its launch
vehicle and trajectory. In both the 1995 Cassini EIS and the ROD, NASA made the
commitment that, should significant differences arise between the results of the ongoing
analyses and the 1995 Cassini EIS, NASA would evaluate the information and make a
determination regarding the need for additional NEPA documentation, including
supplementing the 1995 Cassini EIS. Updates of the safety analyses in support of the 1995
Cassini EIS were recently made available to NASA. NASA has evaluated those analyses
accordingly, and has determined that the purposes of NEPA are furthered by preparation
of this SEIS. '

PURPOSE AND NEED FOR THE ACTION

The Cassini mission is an international cooperative effort of NASA, the European Space
Agency (ESA), and the Italian Space Agency (ASI), to explore the planet Saturn and its
environment. Saturn is the second-largest and second-most massive planet in the solar
system, and has the largest, most visible, dynamic ring structure of all the planets. The
mission is an important part of NASA’s program for exploration of the solar system, the
goal of which is to understand the system’s birth and evolution. The Cassini mission
involves a four-year scientific exploration of Saturn, its atmosphere, moons, rings and
magnetosphere. The Cassini spacecraft consists of the Cassini Orbiter and the detachable
Huygens Probe.

The Cassini mission represents an important step in the exploratory phase of planetary
science, with the detailed data that would be obtained from the mission providing an
important basis for continuing Earth-based studies of the planets. There are five major
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areas of investigation planned for the Cassini Mission. An overview of each area of
investigation follows:

* The previous Pioneer and Voyager swingby missions to Saturn obtained only short-
duration, remote-sensing measurements of the Saturnian atmosphere.  These
measurements have been sufficient to generally determine the basic composition,
energy balance, temperature profile, and wind speeds in the planet's upper
atmosphere. Cassini would further investigate cloud properties and atmospheric
composition, wind patterns, and temperatures, as well as Saturn’s internal structure,
rotation, ionosphere, and origin and evolution. The missions would involve orbits
near the equator and the poles of Saturn so that the entire planet could be studied.

e Titan is shrouded by dense clouds; therefore, little is known about its surface. Data
collected by the instruments onboard the Cassini orbiter and the Huygens Probe
would provide a better understanding of the abundance of elements and compounds
in Titan's atmosphere, the distribution of trace gases and aerosols, winds and
temperature, and surface state and composition. In particular, the spacecraft’'s radar
would penetrate Titan’s dense atmosphere and reveal the moon’s surface
characteristics. The Huygens Probe, carrying a robotic laboratory, would perform
chemical analyses of Titan's atmosphere and clouds. As the Probe descends, the
onboard instruments would measure the temperature, pressure, density, and energy
balance through the atmosphere to the moon’s surface. The surface properties would
be measured remotely, and a camera would photograph the Titan panorama and relay
the images to Earth via the Cassini Orbiter.

* Saturn’s other satellites (i.e., moons) are ice-covered bodies. Cassini would investigate
their physical characteristics, the composition and distribution of materials on their
surfaces, their internal structure, and how they interact with Saturn’s magnetosphere.
Of particular interest is the half-dark and half-light moon, Iapetus. The light side of
the moon is believed to be composed of ice and the dark side possibly of some organic
material. The data obtained by Cassini would assist in determining the geological
histories of the satellites and the evolution of their surface characteristics.

» The Voyager swingbys in 1980 and 1981 proved Saturn’s ring system to be much more
complex than previously realized, with intricate dynamic interactions in most parts of
the system. The short-term Voyager studies showed a wide range of unexplained
phenomena in the rings, including various wave patterns, small and large gaps,
clumping of material and small, so-called “moonlets” embedded in the rings. Long-
term, close-up observations of the rings by Cassini could help resolve whether the
rings are material left over from Saturn’s original formation, or whether they are
remnants of one or more moons shattered by comet or meteor strikes. Applied to
larger-scale disk-shaped systems, the detailed studies of Saturn’s rings proposed for
Cassini would provide important contributions to theories of the origin and evolution
of the dust and gas from which the planets first formed.




The tilt of Saturn’s ring plane changes as the planet orbits the Sun and the changing
angle of sunlight illuminating the rings dramatically alters their visibility. Cassini’s
arrival at Saturn is timed for optimum viewing of the rings, during a period when
they will be well illuminated by sunlight. Upon Cassini’s arrival at Saturn in 2004
when launched in October 1997, the tilt of the ring plane and resulting illumination
angle would allow Cassini’s instruments an unsurpassed view of the ring disk.

Cassini would allow detailed studies of ring structure and composition, dynamic
processes, dust and micrometeoroid environments, and interactions among the-ring
systems, magnetosphere, and satellites.

* Saturn’s magnetosphere is the region of space under the dominant influence of the
planet’s magnetic field. Cassini would carry instruments to study the configuration
and dynamics of the magnetosphere; the nature, source, and fate of its trapped
particles; and its interactions with the solar wind and Saturn’s satellites and rings. A
particular phenomenon of interest is the Saturn Kilometric Radiation—a poorly
understood, very low frequency, electromagnetic radiation—which scientists believe
is emitted by the auroral regions in Saturn’s high latitudes.

Implementation of the proposed action would also ensure that the spacecraft would
complete its orbital tour before 2010, when Saturn’s rings would present themselves
nearly edge-on to the Earth and Sun, severely limiting the ability for detailed
observations.

The Cassini spacecraft incorporates three (3) Radioisotope Thermoelectric Generators
(RTGs) to provide onboard electric power for spacecraft operation and scientific
instruments. The RTGs generate electric power by utilizing the heat from decay of
radioactive material. The material is an isotopic mixture of plutonium in the form of
dioxide, along with small amounts of long-lived actinides and other impurities. About 71
percent of the oxide mixture (by weight) is plutonium-238 (Pu-238). The three RTGs
onboard the Cassini spacecraft contain a total of 32.7 kg (about 72 Ib) of PuO, amounting
to 1.49x10% Bq (402,000 Ci). In addition, 129 Radioisotope Heater Units (RHUs) will be
employed to regulate the temperature inside the spacecraft and for several instruments.
Each RHU contains about 2.7 gm (0.006 Ib) of mostly plutonium-238 dioxide, amounting
to a collective total of about 0.35 kg (0.77 Ib), or about 1.48x10' Bq (4,000 Ci) of radioactive
material in the 129 RHUs.

The 1995 Cassini EIS was made available to Federal, state and local agencies, the public
and other interested parties on July 21, 1995. In addition to the No-Action Alternative, the
1995 Cassini EIS addressed three alternatives for completing preparations for and
operating the Cassini mission to Saturn and its moons. On October 20, 1995, utilizing the
impact analyses in the EIS, along with other important considerations such as

.




programmatic, economic, and international relations, the ROD selecting the Proposed
Action was rendered.

ALTERNATIVES EVALUATED

The Proposed Action and preferred alternative consists of completing preparations for
and operating the Cassini mission to Saturn and its moons, with a launch of the Cassini
spacecraft onboard a Titan IV(SRMU)/Centaur. The launch would take place at Cape
Canaveral Air Station (CCAS) during the primary launch opportunity of October 6
through November 15, 1997. A secondary launch opportunity occurs from late
November 1997 through early January 1998, with a backup opportunity from mid-March
to early April 1999, both using the Titan IV(SRMU)/Centaur. The primary launch
opportunity would employ a Venus-Venus-Earth-Jupiter-Gravity-Assist (VVEJGA)
trajectory to Saturn; the secondary and backup opportunities would both employ a
Venus-Earth-Earth-Gravity-Assist (VEEGA) trajectory. The Proposed Actiori would allow
the Cassini spacecraft to gather the full science return desired to accomplish mission
objectives.

Along with the No-Action Alternative, the 1995 Cassini EIS evaluated two other mission
alternatives. The March 1999 Alternative would have used two Shuttle flights launched
from Kennedy Space Center (KSC), with on-orbit integration of the spacecraft and upper
stage, followed by injection of the spacecraft into a VEEGA trajectory to Saturn. The
March 1999 Alternative is no longer considered reasonable at this time due to the long
lead-time in developing and certifying the new upper stage that would be needed to
implement this mission alternative. When combined with the significant additional costs
associated with this alternative, the 1999 dual Shuttle alternative is no longer considered
reasonable.

The other mission alternative evaluated in the 1995 Cassini EIS was the 2001 Alternative,
which would use a Titan IV(SRMU)/ Centaur to launch the spacecraft from CCAS in March
2001 wusing a Venus-Venus-Venus-Gravity-Assist (VVVGA) trajectory. A backup
opportunity in May 2002 would use a VEEGA trajectory. The 2001 Alternative would
require completing the development and testing of a new high-performance rhenium
engine for the spacecraft, as well as adding about 20 percent more propellant to the
spacecraft. Science returns from this alternative would meet the minimum acceptable level
for the mission.

RADIOLOGICAL IMPACTS OF ACCIDENTS

Evaluation of the recently available safety analyses has indicated that the only parts of the
previous Cassini EIS potentially affected are the analyses of the radiological consequences
of accidents involving a potential release of plutonium dioxide (source term) from the
RTGs and/or the RHUs onboard the spacecraft. The environmental impacts of
completing preparations for the mission are unaffected by the updated analyses, and
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remain as presented in the 1995 Cassini EIS. In addition, the analyses of the environmental
impacts of both an incident-free launch and incident-free interplanetary gravity-assist
trajectory are also unaffected and remain as presented in the 1995 Cassini EIS.

The EIS’s and recently available analyses overall assessments of the Cassini mission’s risk
are similar. The updated assessment of individual mission segment accidents has
identified higher risks for launch segment accidents and lower risks for the Earth gravity
assist (EGA) swingby segment. Both the EIS and the updated analyses indicate that only a
fraction of conceivable launch accidents are calculated to result in releases of PuO..

The ongoing safety analysis process is similar to the process used for the earlier Galileo and
Ulysses missions and has resulted in incremental improvements in the modeling and
analysis techniques. The potential source terms are determined by using simulations to
‘evaluate the response of the RTGs, RTG components, and RHUs to the defined accident
environments. The ongoing analyses utilize probabilistic risk assessment techniques with
computer simulation and modeling of RTG responses to accident environments, and are
based upon safety test and analysis studies performed by and on behalf of DOE. The safety
test and analysis studies have been performed over the past 12 years on General Purpose
Heat Source (GPHS) RTGs and materials, and RHUs. These tests provide a database of the
performance response of the RTGs and RHUs to simulated accident conditions such as
high-velocity impacts on hard surfaces, impacts from high-velocity fragments, and
exposure to thermal and mechanical stresses such as would be encountered in a reentry
from Earth orbit or exposure to burning solid rocket motor propellant. It must be
emphasized that for a release of plutonium dioxide (PuO») to occur, the initiating accident
must be followed by other events to create an accident environment that threatens the
integrity of the RTGs and RHUs.

Since the issuance of the 1995 Cassini EIS, the refinements in the evaluation of accidents and
estimation of their potential consequences have resulted in revised estimates. Comparison
between the 1995 Cassini EIS results and the updated results are presented in this SEIS.
The 1995 Cassini EIS reported point estimates of the “expectation” and “maximum” cases.
The expectation case utilized source terms for each accident scenario that were probability-
weighted, and was based upon a range of release conditions considered in the analysis.
The maximum case utilized source terms that corresponded to either the upper limit
deemed credible for the scenario, based on consideration of supporting analyses and safety
test data, or to a total probability greater than or equal to a probability cutoff of 1x107 (1 in
10 million). The updated analyses used probabilistic risk assessment techniques similar to
those used for the Galileo and Ulysses missions to generate updated estimates of
consequences and risk.

The 1995 Cassini EIS utilized the concept of risk as one of the key measures in the accident
analyses. Risk, for the purpose of the 1995 Cassini EIS and for this supplement, is defined
as the total probability of an event occurring (i.e., a release from an RTG or RHU),
multiplied by the mean consequence of the event (i.e., health effects described as latent
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cancer fatalities over a 50-year period within the population potentially exposed by an
accident). With respect to the Cassini accident analyses, the total probability of a release
occurring is determined by multiplying the probability of the initiating accident that could
threaten the RTGs and RHUS, times the conditional probability that the accident will result
in a release. Risk estimates for the Cassini mission (expressed as health effects) have been
developed for each mission phase/accident scenario and for the average exposed
individual. The updated analyses report the best estimate of consequences and risks.
While the overall probability of an accident that could threaten the RTGs or RHUs during
the Cassini mission is 2.8x102, or 1 in 36, the probability of an accident predicted to release
PuOz is 2.8x103, or less than 1 in 357. Such an accident could result in 0.089 mean health
effects. This results in an overall mission risk of 2.5x10*, or 0.00025, health effects
worldwide. This risk level is lower than the overall risk reported in the 1995 Cassini EIS-
(expected value of 1.7x1073, or 0.0017, health effects). '

The total mission risk is distributed over four major mission segments—ie., pre-launch
(Phase 0), early launch (Phases 1 and 2), late launch (Phases 3 - 8) and Earth Gravity Assist
(EGA). The pre-launch segment runs from 48 hours (T-48 hrs) prior to launch to T-0
seconds (s). The early launch segment starts with ignition of the SRMUs at T-0 s and-
extends through T+143 s when the SRMUs are jettisoned. The time period from T+143 s to
T+206 s is not considered because there are no accidents that could result in a release of
PuO; during this time period of the mission. The late launch segment starts at T+206 s and
extends to the point where the spacecraft has escaped from Earth orbit. The EGA segment
encompasses the period from Earth escape to completion of the Earth swingby.

Pre-launch accidents were not covered in the 1995 Cassini EIS because, at that time, none
were postulated that could result in a release of PuO,. However, information recently
made available from the updated mission safety analyses indicates the total probability of a
pre-launch accident that results in a release of PuO, is 5.2x107, or about 1 in 19,200, and
could result in 0.11 mean health effects and could contaminate 1.5 km? (0.58 mi?) of land
above 7.4x10° Bq/m? (0.2 puCi/m? (the Environmental Protection Agency’s [EPA’s]
guideline level for considering the need for further action).

The total probability of an early launch accident that results in a release of plutonium is
6.7x10%, or about 1 in 1,490, and could result in 0.082 mean health effects and could
contaminate 1.6 km? (0.62 mi®) of land above the EPA guideline level. In comparison to the
1995 Cassini EIS, this segment’s mean mission risk is 0.000055 health effects, which exceeds
the 1995 Cassini EIS estimate of 0.00000046.

The total probability of a late launch accident that results in a release of plutonium is 2.1x10
3, or 1in 476, and could result in 0.044 mean health effects and could contaminate 0.057 km?2
(0.02 mi®) of land above the EPA guideline level. In comparison to the 1995 Cassini EIS, this
segment’s mean mission risk is 0.000092 health effects, which exceeds the 1995 Cassini EIS
estimate of 0.00000037.
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The total probability of an EGA accident that results in a release of plutonium is 8.0x107, or
less than 1 in 1 million, and could result in 120 mean health effects and could contaminate
15 km? (5.8 mi?) of land above the EPA guideline level. In comparison to the 1995 Cassini
EIS, this segment’s mean mission risk is 0.000098 health effects, which is less than the 1995
Cassini EIS estimate of 0.0017.

In addition to these new best estimate analyses, DOE has conducted a study -of the
uncertainty in the underlying test data and models used to estimate accident risks and
consequences. This information is presented in Chapter 4 of this SEIS.
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SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT
1.0 PURPOSE AND NEED FOR ACTION
11  BACKGROUND

In July 1995, NASA completed and made available to the public and other interested
parties, the Final Environmental Impact Statement, dated June 1995, for the Cassini
mission to Saturn (hereinafter, denoted 1995 Cassini EIS) (NASA 1995). This was
followed in October 1995 by the Record of Decision (Appendix A), in which NASA chose
to implement the Proposed Action. Specifically, NASA chose to continue preparations for
and implement the Cassini mission to collect scientific data from Saturn, its atmosphere,
moons, rings and magnetosphere. The mission would be launched from Cape Canaveral
Air Station (CCAS), onboard a Titan IV (SRMU or SRM)/Centaur at the primary launch
opportunity from October 6 through November 15, 1997, and inserted into a Venus-
Venus-Earth-Jupiter-Gravity-Assist (VVEJGA) trajectory to: Saturn. A secondary
opportunity exists from November 27, 1997 through January 9, 1998, with a backup
opportunity from mid-March to early April 1999, both using a Titan IV (SRMU or
SRM)/Centaur launch vehicle and a Venus-Earth-Earth-Gravity-Assist (VEEGA)
trajectory.

The Cassini spacecraft incorporates three (3) Radioisotope Thermoelectric Generators
(RTGs) to provide onboard electric power for spacecraft operation and scientific
instruments. The RTGs generate electric power by utilizing the heat from decay of
radioactive material. The material is an isotopic mixture of plutonium in the form of
dioxide (to be referred to as plutonium dioxide, or PuOs) along with small amounts of
long-lived actinides and other impurities. About 71 percent of the mixture (by weight) is
plutonium-238. The three RTGs onboard the Cassini spacecraft contain a total of 32.7 kg
(about 72 Ib) of PuO,, amounting to 1.49x10% Becquerels (Bq) (402,000 curies {Ci]). In
addition, 129 Radioisotope Heater Units (RHUs) will be employed to regulate the
temperature for several instruments and inside the spacecraft. Each RHU contains about
2.7 gm (0.006 1b) of mostly plutonium-238 dioxide, amounting to a total of about 0.35 kg
(0.77 Ib), or about 1.48x10% Bq (4,000 Ci) of radioactive material in 129 RHUs.

The EIS analyses indicated that continuing preparations for and implementing a normal
Cassini mission would not adversely impact the human environment. The 1995 Cassini
EIS determined that only in the event of an accident resulting in a release of plutonium
dioxide was there any potential for substantial impacts to the human environment.

In evaluating the potential impacts associated with accidents for the 1995 Cassini EIS,
NASA and its cooperating agency, the U.S. Department of Energy (DOE), using the best
information available at that time, developed an array of four representative launch
accident scenarios and the resulting accident environments. Accident scenarios identify
the physical events that occur as a result of launch failures and the associated probabilities
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of occurrence. Accident environments describe the various forces which impinge upon the
RTGs. The four scenarios were representative of accidents that could potentially
occur across all launch phases and could lead to a release of PuO,. Accident scenarios and
associated environments were also evaluated for an inadvertent reentry of the spacecraft
into the atmosphere during an Earth swingby maneuver of the gravity-assist trajectory.

The four launch accident scenarios were evaluated across launch Phase 1 (Phase 1 is
initiated at T minus zero seconds [T-0 s], with ignition of the SRMUs at the launch pad),
through launch Phase 6 (insertion of the spacecraft into the planetary gravity-assist
trajectory). No pre-launch Phase 0 accidents were identified that could cause a credible
release. (For additional details regarding the accident scenarios and environments and
the initiating probabilities, see Sections 4.1.5 and 4.1.6, respectively, of the Cassini EIS.)
Releases from the RHUs were not considered significant when compared to potential
releases from the RTGs. '

NASA and DOE analyzed the representative accident scenarios with respect to the
consequences and risks to human health (defined as excess latent cancer fatalities over a
50-year period, beyond those normally expected to occur, within the exposed population)
and the environment. The results of those analyses were presented in Section 4.1 of the
1995 Cassini EIS. The 1995 Cassini EIS estimated the risk within each launch phase and
for the Earth gravity-assist swingby to potentially affected human populations, as well as
the overall mission risk (i.e., across all launch phases, including the Earth gravity-assist),
to be small. )

The 1995 Cassini EIS also indicated that NASA, DOE and the U.S. Air Force (USAF) were
continuing to conduct mission safety analyses to determine the potential for release of
PuO;, in the event of an accident and the associated consequences and risks. In view of the
ongoing mission analyses, NASA made a commitment in the 1995 Cassini EIS (see Section
4.6--Incomplete or Unavailable Information, item 2) and in the ROD (Appendix A).
Specifically, this commitment noted that if the ongoing investigations resulted in risk
greater than those presented in the 1995 Cassini EIS, NASA would evaluate the
information and make a determination regarding preparation of additional NEPA
documentation.

Results recently made available from the updated analyses are more refined and
comprehensive than those in the 1995 Cassini EIS. Refined probabilistic risk assessment
techniques, similar to those used for the Galileo and Ulysses missions, were used to assess
the full range of accident scenarios and environments (including the four representative
accident initiating events considered in the 1995 Cassini EIS) that could occur during
launch of the spacecraft, as well as an inadvertent reentry during Earth swingby. The
refined techniques used by the ongoing analyses specifically estimate the response of the
Cassini RTGs and RHUs to the environments associated with each accident scenario
possible for the Cassini mission. This SEIS provides the results of the updated analyses.
As discussed in Chapters 2 and 4, while the overall best estimate of risk has not changed
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appreciably for the mission, the variability in the updated analyses’ results for individual
mission segment accidents has prompted NASA's preparation of this SEIS.

1.2 PURPOSE OF THE PROPOSED ACTION

NASA, in an international cooperative effort with the European Space Agency (ESA) and
the Italian Space Agency (ASI), proposes to conduct an extended investigation of the
Saturnian system. The Cassini spacecraft would tour and study Saturn, its rings, moons
and magnetosphere over a four-year period. Saturn is the second-largest and second-
most massive planet in the solar system and has the largest, most visible, dynamic ring
structure of all the planets. The mission is an important part of NASA’s program for
exploration of the solar system, the goal of which is to understand the system’s birth and
evolution. The Cassini mission involves a four-year scientific exploration of Saturn, its
atmosphere, moons, rings and magnetosphere. The Cassini spacecraft consists of the
Cassini Orbiter and the detachable Huygens Probe.

For several months, prior to its arrival at Saturn in July 2004, the spacecraft would perform
scientific observations of the planet. The planned arrival date at Saturn provides
a unique opportunity to have a distant flyby of Saturn’s outer satellite, Phoebe. As the
spacecraft maneuvers into its Saturn orbit, it will be at its closest distance to the planet
during the entire mission. This offers a unique opportunity to observe the inner regions
of Saturn’s ring system and magnetosphere. About three weeks before Cassini’s first
flyby of Titan, Saturn’s largest moon, the Huygens Probe would be deployed on its
trajectory for later descent into Titan’s atmosphere. The Probe would sample and
determine the composition of Titan’s atmosphere during its 2.5 hour descent and gather
data on the moon’s landscape. The Cassini Orbiter would then continue its tour of
Saturn’s system, making about 72 orbits of the planet over four years. The Orbiter would
have about 35 encounters with Titan, about 6 encounters with icy moons of high interest
such as Enceladus and Iapetus, and many more distant flybys of Saturn’s other moons.
The scientific information gathered by the Cassini mission could help provide clues to the
evolution of the solar system and the origin of life on Earth.

For details of the goals and specific scientific observations that will be made by the Cassml
Orbiter and the Huygens Probe, refer to Section 1.2 of the 1995 Cassini EIS.

1.3  NEED FOR THE ACTION

As stated in the 1995 Cassini EIS, conduct of the Cassini mission represents an important
step in the exploratory phase of interplanetary science, with the detailed data that would
be obtained from the mission providing an important basis for continuing Earth-based
studies. Implementation of the proposed action would also ensure that the spacecraft
would complete its orbital tour before 2010, when Saturn’s rings would present
themselves nearly edge-on to the Earth and Sun, severely limiting the ability for detailed
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observations. Additional details regarding the need for action can be found in Section 1.3
of the 1995 Cassini EIS. v

14  RESULTS OF PUBLIC REVIEW OF THE DRAFT SEIS

NASA published its Notice of Availability (NOA) for the Draft SEIS in the Federal Register
on April 9, 1997 (62 Federal Register 17216), and mailed copies of the Draft SEIS
and the supporting HNUS document to over 130 Federal, State and local agencies,
organizations, and individuals. The US. Environmental Protection Agency (EPA)
published its Notice of Availability in the Federal Register on April 11, 1997 (62 Federal
Register 17810), initiating the 45-day review and comment period. Additional requests
for the Draft SEIS and the supporting HNUS documentation subsequent to publication of
the EPA NOA raised the total number of copies distributed to over 150.

The comment period for the Draft SEIS closed on May 27, 1997. A total of 16 response
letters were received - 3 from Federal agencies, 12 from private individuals, and 1 from an
organization. The comments ranged from “no comments” and questions regarding the
ability of the RTGs and RHUs to survive reentry conditions; to questions regarding use of
solar power, and emergency response planning.
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20 PROPOSED ACTION AND ALTERNATIVES EVALUATED

The 1995 Cassini EIS, released in July 1995, examined mission alternatives available at that
time for accomplishing the mission objectives within a reasonable time frame, as well as
the No-Action Alternative. In the course of developing the mission alternatives, three
major mission components (launch vehicles, mission trajectories to Saturn, and spacecraft
electrical power sources) were examined in detail (JPL 1993a, JPL 1993b, JPL 1994). These
three mission components remain the principal factors influencing the development of
feasible mission designs (mission alternatives) and are also the factors determining the
potential environmental impacts associated with each mission alternative under normal
(incident-free) and accident conditions. Updated information regarding the evaluations
of these three components and their availability in determining the mission alternatives is
- provided in this section.

The 1995 Cassini EIS examined in detail the feasible components that combined to form
those mission alternatives; the Proposed Action (a 1997 Titan IV [SRMU or
SRM]/Centaur launch ), a 1999 Mission Alternative (a dual shuttle launch), a 2001
Mission Alternative (a Titan IV [SRMU] launch) and the No Action Alternative. The 1999
Mission Alternative would have involved dual Shuttle launches in 1999, with on-orbit
assembly of the spacecraft and a specially-designed and developed upper stage. The
launch site for this alternative would have been either Launch Pad 39A or 39B located at
Kennedy Space Center (KSC) in Florida. The 1999 Mission Alternative is no longer being
considered because of the insufficient time to develop and test the special upper stage,
and associated cost.

Of the alternatives examined in the 1995 Cassini EIS, only the following are currently
available to NASA:

* Proposed Action - The Proposed Action and preferred alternative consists of
completing preparations for and operating the Cassini mission to Saturn, with a
launch during either the primary (October-mid November 1997), secondary (late
November 1997-January 1998), or backup (March-April 1999) opportunities. The
SRM-equipped Titan IV/Centaur launch vehicle option that was considered in the
1995 Cassini EIS is no longer available. The SRMU is now fully flight-certified. for
use on the Titan IV. The first Titan IV(SRMU) mission was successfully launched
by the Air Force on February 23, 1997.

* 2001 Mission Alternative - This mission alternative is to complete preparations for
and operate the Cassini mission to Saturn in March 2001, or during the backup
opportunity in May 2002. This alternative would utilize the Titan IV
(SRMU)/ Centaur launch vehicle.

e No-Action Alternative - Under the No-Action Alternative the mission would not
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A brief description of the Proposed Action is found in Section 2.1 of this SEIS. Changes in
spacecraft design, the Earth swingby maneuver of the gravity-assist trajectory, and the

range safety systems that have been made since completion of the 1995 Cassini EIS are
highlighted.

Sections 2.2 and 2.3 of this SEIS provide brief additional details of the 2001 and No-Action
Alternatives, respectively. The changes made in the spacecraft design, range safety
system and Earth swingby maneuver noted for the Proposed Action also apply to the
2001 Mission Alternative. Additional details regarding the 2001 Mission and No-Action
Alternatives can be found in Sections 2.4 and 2.5 of the 1995 Cassini EIS. For additional
details of the Proposed Action, refer to Section 2.1 of the 1995 Cassini EIS.

21  DESCRIPTION OF THE PROPOSED ACTION

The following paragraphs summarize the basic elements of the Proposed Action that are
pertinent to evaluating the results of the refined accident analyses and to comparing those
results with the 1995 Cassini EIS analyses. Changes that have been made in the areas of
range safety systems, spacecraft design, and in the design of the EGA trajectory are
discussed where applicable.

21.1 Mission Design

The primary launch opportunity of the Proposed Action occurs within a 41-day launch
period beginning October 6 and closing November 15, 1997 (JPL 1993a). Using the Titan
IV (SRMU)/ Centaur described in Section 2.1.6 of this Final SEIS, the spacecraft would be
launched and injected into the 6.7-year VVEJGA interplanetary trajectory to Saturn, as
shown in Figure 2-1.

After the spacecraft’s launch and injection into the interplanetary trajectory in October
1997, it would swingby the planet Venus for the first time in April 1998, followed by a
second Venus swingby in June 1999. The spacecraft would then fly on to Earth in slightly
less than two months, where it would obtain its third plarietary-gravity-assist in August
1999. The spacecraft would obtain a fourth and final grav1ty-ass1st at Jupiter in December
2000, before proceeding to Saturn.

Cassini would arrive at Saturn in July 2004 and begin a four-year tour of the Saturnian
system, after deploying the Huygens Probe on a trajectory for entry into Titan's
atmosphere.

Changes in Mission Design Since the 1995 Cassini EIS: Two mission maneuvers have been

altered. First, the swingby altitude for the Earth gravity assist maneuver has been
increased from 500 km (310 miles) to 800 km (500 miles) or higher. Second, the last
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trajectory correction before the Earth swingby has been delayed from ten days prior to
swingby to seven days prior to swingby. This delay in the maneuver increases the biasing
of the trajectory away from Earth during the period before the Earth swingby. Both of
these changes work to keep the chances of an inadvertent Earth swingby reentry below
one in one million.

212 Launch Opportunities

For the Proposed Action, the primary launch opportunity occurs during the 41-day
period between October 6 and November 15, 1997. Problems with the launch vehicle or
spacecraft or adverse weather conditions during this period could cause the loss of this
primary launch opportunity.

Mission planners have identified secondary and backup launch opportunities from late
November 1997, through early January 1998, and from mid-March to early April 1999,
respectively, in the event such conditions arise. Both the secondary and backup
opportunities would utilize a VEEGA ftrajectory to Saturn instead of the VVEJGA
trajectory used with the primary launch opportunity.

Both the secondary and backup launch opportunities would have adequate allocations of
propellant to meet the minimal science objectives. However, lower electrical power
output available from the RTGs during the science portion of the mission due to the
natural decay of the radioisotopes would result in fewer instruments being operated at a
given time, or less engineering support given to some instruments (JPL 1993c). These
mission constraints would reduce the science return from levels anticipated for the
primary launch opportunity.

2.1.3 Spacecraft Description

The Cassini spacecraft, illustrated in Figure 2-2, is designed to be a three-axis stabilized
probe-carrying orbiter for exploration of Saturn and its atmosphere, moons, rings and
. magnetosphere. :

The components of the.-spacecraft relevant to an assessment of  the -potential for
environmental impacts from the mission are the RTGs, RHUs, the propellants, and the
propellant pressurant (helium). (RTGs and RHUs are addressed in Section 2.1.4 of this
SEIS.) For propellants, Cassini would carry up to 132 kg (291 Ib) of hydrazine for small
maneuvers and attitude and articulation control, and about 3,000 kg (6,614 1b) of
bipropellant (one tank each of monomethylhydrazine [MMH] and nitrogen tetroxide
[NTO]) for larger maneuvers. Two high-pressure helium tanks are also used to provide
pressure for the bipropellant and monopropellant tanks. The spacecraft (i.e., the Orbiter,
the Probe and its supporting equipment, and the launch vehicle adapter), with
propellants, would weigh 5,824 kg (12,840 1b) at launch (JPL 1993a).
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Spacecraft Design Modifications Since the 1995 Cassini EIS: The spacecraft design has

been modified in four places to improve the protection against micrometeoroid damage
to the spacecraft propulsion subsystem. First, two layers of beta cloth (a woven fiberglass
material more resistant to micrometeoroid damage than the multi-layer insulation
material used for the spacecraft thermal blankets) were added to the core propulsion
module. Second, stand-off beta cloth shields have been added around the helium and
hydrazine tanks. Third, the thickness of the outer plate on the propulsion electrical box
on the spacecraft bus was increased from 0.18 cm (0.070 in) to 0.89 cm (0.350 in). Fourth, a
retractable main engine cover was added to protect the nozzles.

214 Spacecraft Electrical Power and Heating Sources

The Cassini spacecraft would use three RTGs to provide electrical power for its
engineering subsystems and science payload and a maximum of 129 RHUs to regulate the
temperature of various subsystems on the spacecraft and the Probe. The US. Department
of Energy (DOE) provides the RTGs and RHUs and would retain title to them at all times.
(See 1995 Cassini EIS Chapter 2 for details.) )

An in-depth analysis of the available electrical power systems was performed to identify
the most appropriate power source for the Cassini mission (JPL 1994). The use of RTGs
was identified as the only feasible power system with the physical and operational
characteristics compatible with achieving a high percentage of the science return from the
Cassini mission. :

During the comment period for the 1995 Draft Cassini EIS, some commentors asked why -
NASA is not using the new solar cells recently developed in' the laboratory by the
European Space Agency (ESA). Though NASA responded to these questions in the 1995
Cassini Final EIS, the question continues to be raised. Therefore, the purpose of the
following information is to explain why solar arrays, even arrays using the new ESA cells,
are not feasible for the Cassini mission.

For the Cassini spacecraft to complete the mission’s science objectives, it must carry
enough fuel to travel to Saturn, to brake and insert itself into orbit around the planet and
to continue in orbit for four years.. This amount of fuel is very heavy. Thus, in order to be
light enough to launch, travel to Saturn and accomplish the science objectives of the
mission, it is critical to keep the rest of the spacecraft as light as possible.

Another limiting factor in completing the mission science objectives is spacecraft electrical
power. While orbiting Saturn and its moons, Cassini will use a variety of science
instruments, singly or in combination, to collect many different types of data. Since the
spacecraft has a limited amount of fuel and a limited amount of time in which to collect
data at Saturn (four years), its power system must have the capability to simultaneously
supply multiple science instruments, as well as continuously run the spacecraft itself.
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Thus, a lightweight and highly-efficient method of providing electrical power becomes
very important.

NASA has found that even with solar arrays containing the latest high-efficiency solar
cells developed by ESA, it would not be possible to conduct the Cassini mission using
solar power. The simplest and most immediate explanation for this is that the arrays, in
order to meet Cassini’s electrical power requirements, would have to be so large that the
spacecraft as a whole would be too massive to launch.

ESA has produced, under laboratory conditions (i.e., not manufacturing conditions),
highly-efficient solar cells that have been tested successfully under simulated space
environments.  These environments approximated the sunlight and temperature
conditions at about 805 million kilometers (500 million miles) from the Sun, or about the
same distance as Jupiter’s orbit. These solar cells do not exhibit the typical low-intensity,
low-temperature (LILT) degradation that considerably reduces efficiencies for currently-
available commercial cells. However, it is important to note that the cells could be less
efficient at Saturn, which is almost twice as far from the Sun as Jupiter. Figure 2-3 depicts
the size of the theoretical arrays that would be required if a solar Cassini mission were
possible.

Other limitations of the ESA solar cell technology include:

e The actual efficiencies of commercially-produced advanced solar cells have
historically been somewhat lower than efficiencies reported for research and
development (R&D) manufactured units. ‘

o The ESA gallium arsenide (GaAs) devices are relatively thick and heavy compared

"~ to conventional solar cells. : :

* Considering theoretical analysis and published data, these advanced cells would
be radiation sensitive. This would lower their efficiency if used on Cassini, due to
the radiation environment through which the spacecraft will travel on its way to
Saturn.

* If an array were to be made with the ESA cells (or any solar cells, for that matter),

special diodes would have to be added to the array to compensate for cell
fracturing that would be expected to occur from time to time. These diodes would

add even more mass and complexity to the array. - P S

Taking the previous data into consideration, the Jet Propulsion Laboratory (JPL) has
estimated that solar arrays built for the Cassini mission would require a total area greater
than 500 square meters (5380 square feet) and that the spacecraft would require two
arrays, each 9 meters (30 feet) wide and 32 meters (105 feet) long. There would also have
to be supporting structures for the solar cells.

Attaching two such huge solar arrays to the Cassini spacecraft would severely impact the
design, mass and operation of the spacecraft. One significant factor would be the array
itself, which is a mechanical structure that ties the many solar cells together. This

. 33




3

s

v ERE "%, P

EEXERESEL * PO 4 N EROE 3 b

i__ .:. --

@on
Figure 2-3 Theoretical Arrays (Using ESA GaAs Cells) for the Cassini Spacecraft




structure would have to be deployable, which means that it would have to be stowed for
launch so that it could fit inside the Titan IV payload fairing and then unfold once the
spacecraft was on its way to Saturn. This, in turn, would require mechanical components
to fold and unfold the arrays and support the long array arms when extended. Such
components and support structures would increase the size and mass of the spacecraft
considerably. The long and unwieldy solar arrays would also severely complicate
spacecraft maneuvering and turning for scientific observations and data transmission
back to Earth. Therefore, special devices would have to be added to enable the spacecraft
to turn, again adding significantly to the mass. Finally, to properly regulate electrical
power on board the spacecraft, special regulators and batteries would be required. This,
too, would increase the overall mass.

As with other solar power options studied for the Cassini spacecraft, the extremely large
mass of even the lightest solar configuration is beyond the lift capability of the Titan IV
(SRMU)/ Centaur launch vehicle. Even if a heavy-lift booster and a suitable upper stage
could be developed and certified for such a massive solar-powered spacecraft, the
adjustments necessary to accommodate solar power would have substantial negative
effects on the mission. First, they would make spacecraft maneuvering so slow and
difficult that the mission would run out of time for scientific data collection, causing some
crucial observations to be lost. Second, the addition of so many moving parts susceptible
to mechanical failure would add considerably to the overall risk to mission success. As a
final note, the researchers who developed the ESA solar cells evaluated the JPL solar
study and concluded that “Low (insolation) intensity and low temperature (LILT) solar
cells (including those developed by ESA) are not a viable power source alternative for the
presently defined Cassini mission of NASA” (see Appendix C).

The present standard General Purpose Heat Source (GPHS) module is a product of years
of extensive safety testing and analyses. Previous NASA spacecraft such as Galileo and
Ulysses carried instruments powered by GPHS modules. Any future development of
new GPHS modules would fequire extensive testing, evaluation, and space qualification
before becoming potentially applicable to any space mission. '

21.5 Spacecraft Propulsion Module Subsystem

The propulsive power for the Cassini spacecraft will be provided by two redundant
bipropellant 445 N (105 Ib of thrust) main engines for trajectory and orbit changes, and 16
monopropellant thrusters rated at 1.0 N (0.22 Ib of thrust) for attitude control and very
small orbit changes (JPL 1993c). The bipropellant engines use nitrogen tetroxide (NTO)
and monomethyl hydrazine (MMH), and the monopropellant thrusters burn hydrazine.
Pressures in both the bipropellant and monopropellant elements are maintained using
helium gas.
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21.6 Launch Vehicle (Titah IV [SRMU}/Centaur) Configuration

The Titan family of expendable launch vehicles has a launch history spanning more than
30 years of operations involving more than 320 Titan vehicles of all models. Titans have
successfully carried astronauts into space ten times and have successfully launched RTG-
powered spacecraft into space five times. The Titan IV/Centaur with the newly-
developed SRMUs is proposed for this mission to Saturn. The SRMUs are now flight-
certified and are the most capable strap-on U.S. boosters available.

The Titan IV/Centaur comprises four basic components: core vehicle, the solid rocket
booster motors (upgrade) (SRMU), payload fairing (PLF) and Centaur (upper stage). The
Titan IV (SRMU)/ Centaur configuration is shown in Figure 2-4.

The core vehicle, which provides thrust, consists of two stages with their associated
airframes, structures, avionics, mechanical systems and liquid propulsion system. Stage 1
contains two bipropellant liquid rocket engines. The oxidizer is 101,176 kg (223,051 Ib) of
NTO, and the fuel is 53,240 kg (117,372 Ib) of Aerozine-50 (ie, a 50-50 blend of
unsymmetrical dimethylhydrazine and hydrazine). Stage 2 contains a single bipropellant
engine virtually identical to the two used in Stage 1. The Stage 2 propellants comprise
22,239 kg (49,028 1b) of NTO and 12,436 kg (27,416 1b) of Aerozine-50 (Martin Marietta
1992). : '

Two SRMUs, located on opposites sides of the core vehicle, would provide the initial
boost for the launch vehicle at liftoff. Each SRMU is composed of three solid rocket motor
segments. The filament-wound motor segments consist of a graphite fiber/epoxy resin
composite cased forward segment with an integral forward dome, two graphite/epoxy
composite cylindrical sections and a steel aft dome. The SRMU has passed all of its
qualification tests and is now flight-certified. The first mission using the SRMU was
successfully launched by the USAF on February 23, 1997.

Each SRMU is 34.3 m (1124 ft) long and has a 3.32 m (109 ft) outer diameter. The
nominal weight for each SRMU is 352,271 kg (776,612 Ib), of which 315,724 kg (696,040 Ib)
are propellant. The propellant is a U.S. Department of Defense (DOD) Hazards Class 1.3
(DOD 1992), solid propellant, consisting of 69 percent ammonium perchlorate (dizoxier) .
and 19 percent nonspherical aluminum (fuel), with 9.06 percent hydroxyl terminated
polybutadiene (HTPB) binder. The remaining 2.94 percent includes bonding and curing

agents (MMT 1992).

The PLF, mounted on top of the core vehicle, encases the Centaur (upper stage) and
spacecraft, thereby providing aerodynamic and thermal protection for these elements
during ascent. The payload fairing is an all-metal structure composed primarily of
aluminum and has three segments. At approximately 206 seconds after liftoff, each of the
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Figure 2-4 Diagram of the Titan IV (SRMU)/Centaur Launch Vehicle
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three fairing segments would uncouple and be jettisoned from the rest of the launch
vehicle, falling back into the ocean (MMT 1992).

The Centaur uses two liquid hydrogen (LHz)/liquid oxygen (LOz) rocket engines with
multiple restart capability. The LH; and LO: are contained in two large tanks that account
for the bulk of the Centaur’s internal volume (MMT 1992).

21.7 Cassini Mission Timeline

The Cassini mission timeline is divided into phases that primarily serve as the basis for
potential launch accident scenario definitions and environmental analyses. The 1995
Cassini EIS, in addressing four representative launch accident scenarios, divided the
mission timeline into six launch phases, beginning with Phase 1, which commences at T-0
s, with ignition of the SRMUs to initiate liftoff from the launch pad, and ends with
insertion of the spacecraft into its interplanetary gravity-assist trajectory in 1995 Cassini
EIS Phase 6. The gravity-assist trajectory was addressed separately from launch of the
spacecraft.

The updated safety analyses (MMT 1997, LMM&S 1997 a-j), in addressing a larger array
of potential launch accidents (including a pre-launch accident with a release), divided the
launch into eight phases, plus EGA trajectory. Pre-launch Phase 0, starts at T-48 hours
with installation of the RTGs on the spacecraft, includes fueling of the Centaur upper
stage, and ends with ignition of the SRMUSs at T=0. Phase 8 (as with the 1995 Cassini EIS's
Phase 6) is insertion of the spacecraft into its interplanetary trajectory. As with the 1995
Cassini EIS, the EGA trajectory was evaluated separately. The eight launch phases were
also grouped into four principal mission segments (pre-launch, early launch, late launch,
plus the EGA). Regardless of how the launch is divided for the convenience of the
particular analysis, the phases and segments used are essentially identical for all the
launch opportunities associated with the Titan IV (SRMU)/ Centaur (the Proposed Action
and the 2001 Mission Alternative). The phases and typical timeframes used in the
ongoing analyses are summarized in Table 2-1. The nominal Cassini mission timeline is
subject to slight modifications as the design of the Cassini mission is further refined.

21.8 Range Safety System Considerations

Range Safety -encompasses all activities from the design concept through test, checkout,
assembly and launch of space vehicles, to orbit insertion from any range facility. - All
space vehicles launched from the Eastern Range, which includes KSC and CCAS, must
carry an approved Flight Termination System (FTS) that allows the Flight Control Officer
(FCO) to terminate powered flight if the vehicle violates established flight safety criteria.

The FTS, which includes the Titan IV launch vehicle system and a Centaur system,
provides ground personnel with the capability to shut down any thrusting liquid stage
only, or to shut down any thrusting liquid stage and then destruct the SRMUs and all
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Table 2-1. Cassini Mission Launch Segments and Phases and Key Events
for the Updated Analyses

Start and Finish Events

- Key Events in Phase

Pre- 0 -48 hours 0 Complete RTG Installation (PLF Door Closure) to
Launch SRMU Ignition
Start Centaur Tanking; Complete Centaur Tanking; Arm
Ordnance
1 0 143 SRMU Ignition to SRMU Jettison
Early Clear Launch Complex; Clear Land; Reach 10 km
Launch Altitude; Safe SRMU and Centaur AutoDestruct Systems
(ADSs); Stage 1 Ignition
2 143 206 SRMU Jettison to PLF Jettison
SRMU Separation System Fires
3 . 206 320 PLF Jettison to Stage 1 Jettison
' PLF Separation System Fires; Safe Stage 1 ADS; Stage 2
Ignition
4 320 - 554 Stage 1 Jettison to Stage 2 Jettison
Stage 1 Separation System Fires; Safe Stage 2 ADS
Late 5 554 707 Stage 2 Jettison to Centaur Main Engine Cut-Off
Launch MECO) 1
Stage 2 Separation System Fires; Centaur Main Engine
Start (MES) 1; Attain Park Orbit
6 707 1,889 Centaur MECO 1 to Centaur MES 2
Safe Centaur Flight Termination System
7 1,889 2,277 Centaur MES 2 to Earth Escape
8 2,277 2,349 Earth Escape to Centaur MECO 2

EGA | Interplanetary trajectory/Earth swingby

liquid stage tanks. This element of the FTS is called the'command shutdown and destruct
system (CSDS).

Additionally, the FTS will automatlcally destruct a stage that prematurely ééparates from
the portion of the vehicle carrying the command receivers and antennas. This element is = .
referred to as the automatic destruct system (ADS). Upon activation of an automatic
destruct,” Range Safety can, at their discretion, command destruct the Centaur and the
remaining Titan IV elements.

The necessify for and design issues involved in a Space Vehicle Destruct System (SVDS)

for the Cassini spacecraft were reviewed to determine if a SVDS would reduce the risk in
the event of a launch phase accident. Analyses and testing involving the spacecraft’s
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hypergolic propellant indicated that the launch vehicle configuration for the Proposed
Action would not require a SVDS. (A SVDS is, therefore, not on the Cassini spacecraft.)

Range Safety System Modifications Since the 1995 Cassini EIS: Since publication of the
EIS, two additional Range Safety systems have been added to improve the FCO's ability
to monitor vehicle off-nominal turns. These systems include a Laser Illumination System
(LIS) and Range Safety Advisory System (RSAS).

The LIS provides vehicle attitude imaging during nighttime launches and. is used in
conjunction with the RSAS to detect off-nominal turns early in the launch. The LIS
consists of three portable equipment setups to provide at least two operational systems
for launch. Vehicle attitude imaging during nighttime launches and/or conditions of fog
are provided by laser pulses that reflect off the vehicle back to cameras near the launch
site. The image is displayed at the FCO console in the Range Operation Control Center
(ROCC), providing the primary tool for determination of launch vehicle attitude duting
the first 30 seconds of flight.

The RSAS assures minimization of FCO reaction time early in the launch, when attitude
control failures could result in an intact impact of the full vehicle with the surface of the
Earth (ground or hard surface). The RSAS uses vehicle telemetry, from the Titan IV core
vehicle and the Centaur upper stage, to supplement the full complement of data
(including LIS) used to monitor launch vehicle attitude. This provides early detection of
conditions that could lead to an intact impact of the launch vehicle by providing an
auditory advisory signal to the FCO when abort telemetry criteria is reached. Primary
information from the LIS for a command destruct decision is considered confirmed when
the RSAS auditory signal is heard.

The effect of the above changes is to increase the reliability of the FCO response in the
unlikely event that a command destruct action would be required during the early phases
of the Titan IV launch. This, in turn, keeps the probability of an intact impact of a
complete launch vehicle very low.

22  DESCRIPTION OF THE 2001 MISSION ALTERNATIVE

The 2001 Mission Alternative would be similar to the Proposed Action in that it would
include the Cassini spacecraft with the Huygens Probe and the Titan IV (SRMU)/Centaur
launch vehicle, as described in Sections 2.1.3 through 2.1.5 of this SEIS. The primary
launch opportunity for this mission alternative, however, would insert the Cassini
spacecraft info a non-EGA trajectory. The launch vehicle would be the Titan IV
(SRMU)/Centaur and would have a similar mission timeline as described in Section 2.1.7
of this SEIS. The primary launch opportunity would occur during the first 2.5 weeks of
March 2001 , and would use a 10.3-year VVVGA trajectory, as depicted in Figure 2-5. The
first Venus swingby would occur in August 2001, the second in September 2002, and the
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third in Novefnber 2005, with Cassini arriving at Saturn in June 2011 for the four-year tour
of the Saturnian system (JPL 1994). A backup opportunity in May 2002 would use a
VEEGA. This alternative was discussed in detail in Section 2.4 of the 1995 Cassini EIS.

23  DESCRIPTION OF THE NO-ACTION ALTERNATIVE

The No-Action Alternative would cancel the Cassini mission to Saturn. Additional details
can be found in Section 2.5 of the 1995 Cassini EIS.

24 COMPARISON OF ALTERNATIVES
24.1 Impact Analysis from the 1995 Cassini EIS

For the Proposed Action and preferred alternative, the environmental impacts of
completing preparations for the Cassini mission and a normal launch of the Cassini
spacecraft on a Titan IV (SRMU)/Centaur would entail no substantial impacts on the
human environment. For additional details, refer to Sections 2.7 and 4.1 of the 1995 Cassini
EIS.

The principal concern associated with the mission is the potential release of some of the
approximately 32.7 kg (72 Ib) of PuO: (consisting of about 71 percent by weight Pu-238 at
launch) in the RTGs and the 0.35 kg (0.77 Ib) in the RHUs onboard the spacecraft. In the
unlikely event that an accident were to occur during the launch of the spacecraft (i.e., from
the time of ignition of the SRMUs, through the insertion of the spacecraft into its
interplanetary trajectory), the safety features incorporated into the RTGs and RHU, in most
cases, would limit or prevent any release of the PuQ..

To assist the reader in making comparisons between the 1995 Cassini EIS and the updated
analyses, the following description indicates how the EIS launch phases compare with the
launch segments used in the updated analyses. For 1995 Cassini EIS launch Phases 1
through 6 (analogous to the early launch and late launch segments used in the updated
analyses), four accident scenarios were identified in the 1995 Cassini EIS as representative
of the categories of failures that could release PuO: to the environment. Pre-launch
accidents were not covered in the EIS because, at that time, none were postulated that
would result in a release of PuO,. In addition, two postulated low-probability (i.e,, much
lower than the probabilities for Phases 1 through 6) accident scenarios that could occur
during the interplanetary portions of the VVEJGA and VEEGA trajectories were identified
as the short-term (EGA) and long-term inadvertent reentry scenarios. The short-term
scenario would involve the inadvertent reentry of the spacecraft into the Earth’s
atmosphere during a planned Earth swingby, and the long-term scenario would involve a
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spacecraft failure that leaves the spacecraft drifting. in an Earth-crossing -orbit
and potentially reentering the Earth’s atmosphere a decade to millennia later.

The 1995 Cassini EIS analyses indicated that, depending on the accident scenario, the
CCAS/KSC regional area, limited portions of Africa for an 8-10 second period under the
space vehicle flight path, or indeterminate locations within the global area could be
impacted by PuOz releases. The CCAS/KSC regional area could be impacted if an early
Phase 1 (early launch segment in the updated analyses) accident were to result in a
release. Areas outside the region (i.e., a portion of the African continent; areas elsewhere
around the world) could be impacted if an accident resulting in a release were to occur in
Phase 5 or 6 (late launch segment in the updated analyses). No releases of plutonium
from the RTGs or RHUs to the environment were postulated in the 1995 Cassini EIS if any
of the representative accident scenarios occurred in Phases 2, 3, or 4.

During the interplanetary portions of the mission, postulated short-term (EGA segment of
the updated analyses) and long-term inadvertent reentry accident scenarios could result
in releases of PuQ:; to the environment. However, NASA is designing the mission to
greatly reduce the potential for such accidents. Mission design criteria require that the
mean probability of an inadvertent reentry during the VVEJGA trajectory be no greater
than one in a million. If such an accident were to occur, PuQO- could be released in the
upper atmosphere and/or scattered on indeterminate locations on the Earth’s surface,
resulting in a slight increase in the background radiological exposure of a large number of
people worldwide.

The principal measure used in the Galileo and Ulysses Tier 2 EISs, and in the 1995 Cassini
EIS and supporting safety analyses, for characterizing the radiological impacts of each
alternative evaluated, is health effects risk. Health effects are expressed as the number of
excess latent cancer fatalities over a 50-year period (above the normally observed cancer
fatalities). As used here, health effects mission risk is the probability of an accident

resulting in a PuO, release (i.e, the probability of an initiating accident times the .

probability that the accident would result in a release of PuO:), multiplied by the
consequences of that accident (i.e., the 50-year health effects that could be caused by the
exposure of individuals to the PuO;), summed over all postulated accidents. Estimates of

“>*health effects mission risk, as discussed here, represent the-expectation of latent cancer

fatalities. The expectation health effects mission risk over all mission phases (i.e., the 50-
year period health effects) does not include contributions to risk from the long-term EGA
reentry scenario.

For the Proposed Action, the 1995 Cassini EIS mission risk estimate, considering all
launch phases for the primary launch opportunity, was 8.4x107 (0.00000084) health effects.
The mission risk from the short-term inadvertent reentry accident during the Earth
swingby portion of the primary launch opportunity’s VVEJGA trajectory was estimated
as 1.7x10°%, (0.0017) health effects, and for the secondary and backup opportunity VEEGA
trajectories as 1.8x10° (0.0018) health effects. The overall mission risk (considering all
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launch phases and the EGA trajectories), from the primary launch opportunity was
1.7x10° (0.0017) health effects, and from the backup launch opportunity, it was estimated
at 1.8x10 (0.0018) health effects.

24.2

Changes in Estimated Impacts from Accidents Since the 1995 Cassini EIS

The refinements in the evaluation of accidents and estimates of their potential
consequences since the early scoping analysis of the Cassini EIS have resulted in different
estimates of impacts. The following highlights the changes in approach for estimating the
accident probabilities, health effects and risks:

The EIS used four representative accidents for the launch of the mission and
estimated their probabilities of occurrence. Pre-launch accidents were not
addressed in the 1995 Cassini EIS because, at that time, none were postulated that
would result in a release of PuQOa.

The updated analyses use more detailed accident descriptions, accident
environments and probability distributions. In addition, the updated mission
safety analyses have determined that a release could occur from some on-pad
accidents during the two hour period prior to launch. Further, the probabilities of
accidental reentries during the late launch segment are higher than in the 1995
Cassini EIS.

Both the 1995 Cassini EIS and the updated analyses use the same accident
definition and event trees for the inadvertent reentry during an Earth swingby
accident. The 1995 Cassini EIS reported bounding estimates of potential releases
because there was uncertainty in whether the General Purpose Heat Source
(GPHS) modules or Graphite Impact Shells (GISs) would survive an inadvertent
reentry during Earth swingby or release plutonium in the upper atmosphere.

The updated analyses uses results of additional research and modeling to refine
estimates of behavior of RTGs, GPHS modules and components on reentry. The
analysis also uses probability distributions for some key variables on the reentry
event trees used in the 1995 Cassini EIS rather than nominal estimates of the
branch probabilities. The results are reported as probability distributions of source
terms for the accident. o '

The 1995 Cassini EIS used simpler techniques to estimate nominal and maximum
source terms and the corresponding conditional probabilities that PuO, would be
released. '
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The updated analyses use probabilistic techniques to evaluate the accident
conditions. The resultant source terms are reported as a probability distribution
for each accident case. ‘

* The 1995 Cassini EIS modeled accident consequences using the same basic
approaches, assumptions and model parameters that had been used for the Galileo
and Ulysses missions.

The updated analyses extends techniques used in the 1995 Cassini EIS and for the
Galileo and Ulysses missions. The analysis makes wide-scale use of probability
distributions. It uses best estimate values for certain key parameters, and more
comprehensive modeling to determine PuO; particle dispersion, uptake by people
and the potential for latent cancer fatalities. (Best estimates are defined: in
Appendix B.) '

e The 1995 Cassini EIS stated that there were uncertainties in the estimated
probabilities of an accident occurring, the conditional probabilities of material
being released and the resultant source terms of the accidents.

The updated analyses include the most extensive evaluation of the uncertainties of
accident consequences ever attempted for a space mission. The analysis expands
techniques reported for the Ulysses mission and provides an estimate of the
consequences and risk with their associated uncertainties. '

Launch phase consequence and risk estimates from the updated analyses are derived
directly from a mathematical distribution as opposed to the 1995 Cassini EIS's point
estimates that were based on a semi-quantitative assessment of previous mission safety
analyses. A comparison of the two sets of estimates indicates that the 1995 Cassini EIS's
overall assessment of risk was close to results of the updated analyses, even though the
1995 Cassini EIS’s assessment of individual mission risk and variability were lower for
launch phase accidents, but higher for the EGA swingby accident risk. Both the 1995
- Cassini EIS and the updated analyses indicate that only a fraction of conceivable launch
accidents could result in releases of PuQOs.
243 Overview of Updated Mission Safety Analyses of Radiological Impacts from
Accidents '

Since completion of the Final EIS for the Cassini Mission (dated June 1995) NASA and
DOE have continued the safety analysis process for the mission. This process was
described in Section 4.1.5.1 of the 1995 Cassini EIS. The "Cassini Titan IV/Centaur RTG
Safety Databook, Revision B" dated March 1997 (MMT 1997), describes accident
probabilities and environments for the mission. DOE contractors have incorporated the
MMT 1997 information into their accident analyses and recently completed their
preparation of the Safety Analysis Report (SAR) "GPHS-RTGs in Support of the Cassini
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Mission" (LMM&S a-j). Results from those analyses, along with the companion SAR for
the LWRHUs (EG&G 1997), are reported in this SEIS. While some of the individual
results of the SARs differ from those reported in the April 1997 Draft SEIS and companion
document HNUS 1997, the overall mission risk remains similar.

Concurrent with the recent completion of the SAR (LMM&S a-j), a supplement to the
Cassini Earth Swingby Plan dated May 19, 1997 (JPL 1997) was issued. This supplement
contains slightly lower estimates of EGA inadvertent reentry probabilities, and is part of
the separate, (non-NEPA), ongoing nuclear launch safety analysis process and will be
evaluated as a part of that process.

The process currently used by the updated mission safety analyses in determining the
mission risk associated with the Cassini mission is similar to the process used for the
earlier Galileo and Ulysses missions. The PuO; release potentially resulting from each
accident (i.e., the source terms) are determined by evaluating the response of the RTGs
and RHUs to the defined accident environments. For each combination of accident and
environment, simulations are used to determine the probability of rupture or breach of
the iridium clads of the RTGs or the platinum-rhodium clads of the RHUs, which contain
the PuO,. For simulations in which clad failure occurs, the mass of the PuO; escaping the
clad is determined, along with information on particle size, particle density and release
location. The safety analyses for both the RTGs and RHUs utilized empirical results of
safety tests and analyses, and modeling studies conducted by DOE and NASA. The
updated analyses, however, are more refined and comprehensive than those used for the
1995 Cassini EIS.

Table 2-2 presents the means of the best estimate results from the updated analyses, and
compares them with the results in the 1995 Cassini EIS. (See Appendix B for a description
of the best estimate.) The launch accidents and consequences addressed here apply to
both the Proposed Action and 2001 Mission Alternative.

Pre-launch accidents were not addressed in the 1995 Cassini EIS because at that time none
were postulated that would result in a release of PuO;. Since that time, updated analysis
has shown that PuO; releases could result at the launch pad if the Centaur upper stage
experienced a major structural or mechanical failure during the two-hour pre-launch
fueling and preparation period. The probability of a pre-launch accident that could result
in a release of PuQ; is 5.2x105, or 1 in 19,200, and could result in 0.11 health effects and
could contaminate 1.5 km? (0.58 mi?) of land above 7.4x10° Bq/m? (0.2 pCi/m? (the EPA’s
guideline level for considering the need for further action, EPA 1990). Based on the 99-.
percentile of the consequence distribution function, there would be a 1% probability that
approximately 1.0 or more health effects could occur. The total probability of such an
accident is 5.2x107, approximately 1 in 1.92 million. Land area contaminated above the
EPA guideline level could exceed 8.6 km? (3.3 mi?). Note that doses and health impacts .
do not include implementation of accident contingency plans or any other mitigation
actions by governmental authorities.
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Table 2-2. Comparison of Updated Mean Estimates of Accident Parameters with the 1995 Cassini EIS

Maximum
Mission Total Individual Dose®, | Land Area Contaminated, | Health Effects? (w/o Mission
Segment Document | . Probability? rem km? de minimis) Risks®
Pre-Launch SEIS 5.2x10° 1.4x102 1.5x10° 1.1x101 5.5x10¢
EIS f f f f f
Early Launch SEIS 6.7x10% 2.1)(1-()‘2 1.6x10° _ 8.2x10? 5.5x10°
EIS 1.1x103 5.8x10° _ 8.8x102 4.1x10* 4.6x107
Late Launch SEIS 2.1x1073 . 1.1x10° 5.7x1072 4.4x107? 9.2x10°
EIS v9.4x104 3.2x102 8.4x103 3.9x10% 3.7x107
VVEIGA SEIS 8.0x107 5.1x10? 1.5x10! - 1.2x10? 9.8x10°
EIS 76x107 | 3.1x10! 2.0x103 2.3x10° 1.7x10°
Overall SEIS ;2.8x10‘3 9.7x101 4.5x10? 8.9x1072 2.5x10*
Mission '
EIS 2.1x103 2.6x102 7.8x101 8.3x101 1.7x103
a. Product of initating accident x conditional PuQ, release probabilities.
b. Maximally exposed individual dose.
c. Land area potentially contaminated above 7.4x103 Bg/m? (0.2 pCi/m?).
d. Health effects are incremental latent cancer fatalities.
e. Risk calculated as the total probability times health effects.
f No pre-launch accidents resulting in a release were postulated in the EIS.




While the probability of an early launch accident that could threaten the RTGs is 6.2x107,
or 1 in 160, the probability of an early launch accident that could result in a release of
PuO; is 6.7x10% or 1 in 1,490, and could result in 0.082 health effects and could
contaminate 1.6 km? (0.62 mi?) of land above the EPA guideline level. Such an accident
could occur in a number of ways, such as, if the RIGs impacted ground on or near the
launch pad following an in-air explosion due to a malfunction, or by the activation of the
CSDS or ADS. In comparison to the 1995 Cassini EIS, this mission segment's mean
mission risk is 5.5x10° (0.000055) health effects, which exceeds the 1995 Cassini EIS
estimate of 0.00000046. Based on the 99-percentile of the consequence distribution
function, there would be a 1% probability that approximately 1.5 or more health effects
could occur. The total probability of such an accident is 6.7x10%, less than 1 in 149,000.
Land area contaminated above the EPA guideline level could exceed 20 km? (7.7 mi?).
Note “that doses and health impacts do not include implementation of accident
contingency plans or any other mitigation actions by governmental authorities. "

While the probability of a late launch accident is 2.1x10?, or 1 in 48, the probability of an
accident that results in a release of plutonium is 2.1x103, or 1 in 476, and could result in
0.044 health effects and could contaminate 0.057 km? (0.02 mi?) of land above the EPA
guideline level. Such accidents could occur if a Centaur failure resulted in atmospheric
reentry and hard surface impact of the RTG modules. For suborbital accidents, a hard
surface impact on southern Africa and/or Madagascar is only possible during a ten-
second window of the suborbital flight. Orbital failures leading to ground impact could
occur after attaining park orbit and result in orbital decay reentries from minutes to years
after the initial accident if implementation of the spacecraft’s Sufficiently High Orbit
(SHO) capability failed. (In the event of a late launch accident, such as a failure of the
Centaur upper stage to initiate its second burn and send the spacecraft on its
interplanetary trajectory, the spacecraft has a capability to be separated and boosted to a
high [2000+ year] storage orbit) For those late launch Centaur accidents, for which the
spacecraft cannot be successfully separated and boosted, orbital decay reentries would
occur from minutes to years after the accident. In comparison to the 1995 Cassini EIS, this
mission segment’s mean mission risk is 9.2x10° (0.000092) health effects, which exceeds
the EIS estimate of 0.00000037. Based on the 99-percentile of the consequence distribution

function, there would be a 1% probability that approximately 0.55 or more health effects . .

could occur. The total probability of such an accident is* 2.1x105, or less than 1 in 47,600.
Land area contaminated above the EPA guideline level could exceed 0.34 km? (0.13 mi?).
Note that doses and health impacts do not include implementation of accident
contingency plans or any other mitigation actions by governmental authorities.

The probability of an EGA accident that results in a release of plutonium is 8.0x107 or less
than 1 in 1 million, and could result in 120 health effects and could contaminate 15 km?
(5.8 mi?) of land above the EPA guideline level. Such an accident could occur if, during
the EGA swingby, the Cassini spacecraft became non-commandable after experiencing a
failure that placed it on an Earth impact trajectory and subsequently released PuO; at high
altitude or as a result of ground impacts. In comparison to the 1995 Cassini EIS, this
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mission segment’s mean mission risk is 9.8x10° (0.000098) health effects, which is less
than the 1995 Cassini EIS estimate of 0.0017. Based on the 99-percentile of the
consequence distribution function, there would be a 1% probability that approximately
450 or more health effects could occur. The total probability of such an accident is 8.0x10,
approximately 1 in 125 million. Land area contaminated above the EPA guideline level
could exceed 55 km® (21 mi?). Note that doses and health impacts do not include
implementation of accident contingency plans or any other mitigation actions by
governmental authorities.

As noted earlier, if the spacecraft were to become non-commandable during its
interplanetary trajectory, and control could not be restored, its orbit around the Sun could
intersect that of the Earth resulting in a long-term inadvertent reentry. The probability of
such an event is 2.0x107 or, 1 in 5 million. . It is reasonable to assume that the consequences
of such a reentry would be of a similar order of magnitude as that estimated for the short-
term EGA.

In addition to the above best estimate analyses, DOE has conducted a study of the
uncertainty in the underlying test data and models used to estimate accident risks and
consequences.  This information is presented in Chapter 4 of this SEIS; see also HNUS
1997 and Appendix D.

244 2001 Mission Alternative

With respect to the 2001 Mission Alternative, which would also be launched on a Titan IV
(SRMU)/Centaur, the 1995 Cassini EIS concluded that potential launch accident
consequences and risks would be essentially the same as those estimated for the Proposed
Action. This also holds for the updated results from the ongoing mission safety analyses.
Specifically, the pre-launch, early launch and late launch consequence and risk analyses
results would also apply to those segments of the 2001 Mission.

The only difference postulated at this time is in the EGA results, which do not apply to
this alternative. Without an Earth swingby as part of its primary opportunity VVVGA

.. .irajectory, the probability of an inadvertent reentry accident during. an. Earth swingby. . .,

- would be zero. Thetefore, radiological consequences associated with the Earth swingby
would be eliminated. The backup opportunity for this alternative is a VEEGA, however,
- and therefore the potential exists for a short-term and a long-term inadvertent reentry as
noted earlier for the Proposed Action. The potential consequences for the backup and the
long-term accident are assumed similar to those postulated respectively for the
secondary/backup and the short-term EGA accident described for the Proposed Action.

49




24.5 No-Action Alternative

The No-Action Alternative would not result in any adverse health or environmental
impacts. For other impacts associated with the Non-Action alternative see Section 4.4 of
the 1995 Cassini EIS, and Section 4.3 of this SEIS.

2.4.6 Summary Comparison of Alternatives

Table 2-3 provides a summary comparison of the Proposed Action, including the
secondary and backup launch opportunities, and the alternatives. The factors used are
the key parameters discussed in more detail in Chapter 4 of this SEIS and the 1995 Cassini
EIS. All launch opportunities involve the Titan IV(SRMU)/ Centaur and are expected to
have similar environmental impacts with normal launches. The accident impacts and
risks are expected to be similar for the pre-launch, early-launch, and late-launch segments
of each mission alternative with any of the launch opportunities. The principal
differences involve the short- and long-term risks of an inadvertent reentry during the
EGA and interplanetary cruise portions of the mission. Updated analyses indicate that
the EGA accident impacts and risks are now estimated to be less than those presented in
the 1995 Cassini EIS. As a result the mission risk contributions of each inadvertent
reentry would be nominally the same.

Although the primary opportunity for the the 2001 Alternative uses a VVVGA trajectory
and therefore presents no short-term inadvertent reentry risk, a long-term risk of an
inadvertent reentry similar to the other launch opportunities would remain. The risks
associated with the backup opportunity (a VEEGA trajectory) would be the same as the
secondary and backup VEEGA opportunities for the Proposed Action.
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Table 2-3 Summary Comparison of the Potential Mean Radiological Impacts and
Risks for Cassini Mission Alternatives

Mission Segment Proposed Action 2001 Alternatives No-Action
Primary Secondary/ Primary Backup
(VVEJGA) Backup VVVGA VEEGA
(VEEGA)
Pre-Launch
Total Probability? 1 in 19,200 Same Same Same No Effect
Health Effects 0.11 Same Same Same No Effect
Land Area Contaminated (ka) » 1.5 Same Same Same No Effect
Health Effects Risk 5.5x1076 Same Same Same No Effect
Early-Launch
Total Probability? 1 in 1490 - Same Same Same No Effect
Health Effects 0.082 Same Same Same No Effect
Land Area Contaminated (kmz) 1.6 Same Same Same No Effect
Health Effects Risk . 5.5x107 Same Same Same No Effect
Late-Launch
Total Probability® 1in 476 - Same Same Same -No Effect
Health Effects 0.044 Same Same Same No Effect
Land Area Contaminated (ka) 0.057 Same Same Same No Effect
Health Effects Risk 9.2x107 Same Same Same No Effect
EGA/Interplanetary Cruise
¢ Short-Term Inadvertent Reenetry
Total Probability? 1 in 1,250,000 1 in 2,900,000 No Short Same as Sec. No Effect
Term
Health Effects 120 227 None Same as Sec. | No Effect
Land Area Contaminated (ka) 15 21 None Sarie as Sec. No Effect
Health Effects Risk 9.8x10° 7.6x107 None Same as Sec. No Effect
* Long-Term Inadvertent Reenetry
Total Probability? 1 in 5,000,000 1 in 1,700,000 Same Same as Sec. No Effect
Radiological Impacts similar to short- similar to short- Same Same as Sec. No Effect
term term
Overall Mission Risk 7.5%107% 2.3x107% Same Same as Sec. No Effect
a. Total probability of an accident with a release of PuQ,
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3.0 AFFECTED ENVIRONMENT -

The 1995 Cassini EIS addressed the affected environment in terms of the local/regional
environment and the global environment that could potentially be affected by the
Proposed Action and the alternatives. Given that potential accidents and the resulting
radiological consequences are the focus of this SEIS, only the local/regional land use and
population descriptions are summarized here. There has been no substantial change in
the characteristics of the global environment since publication of the 1995 Cassini EIS.

The Cassini mission would be launched from CCAS, which is located on the east coast of
Brevard County near the city of Cocoa Beach, approximately 24 km (15 mi) north of
Patrick Air Force Base. CCAS is bounded by NASA/KSC on the north, the Atlantic
Ocean-on the east, the city of Cape Canaveral on the south and the Banana River and
KSC/Merritt Island National Wildlife Refuge on the west.

The six-county region surrounding CCAS consists of Volusia, Seminole, Lake, Orange,
Osceola and Brevard Counties. The region is about 1.7 million ha (4.1 million acres) in
size, of which about 8 percent (132,742 ha; 328,000 acres) is urbanized. The most heavily
populated urban areas in the region are Orlando in Orange County, about 85 km (53 mi),
and Titusville, about 24 km (15 mi) to the west of the Titan IV launch complexes at CCAS,
with the Daytona Beach/Ormond Beach area about 110 km (68 mi) and Port Orange and
New Smyrna Beach 58 and 79 km (36 and 49 miles), respectively, to the north. To the east
of CCAS is the Atlantic Ocean, with the city of Cape Canaveral immediately to the south.
Cocoa Beach lies about 28 km (17 mi) to the south, with Melbourne and Palm Bay about
52 km (32 mi) also to the south.

About 35 percent of the land in the region is devoted to agriculture (about 566,580 ha; 1.4
million acres) and about 25 percent to conservation and recreation lands (about 404,700
ha; 1 million acres). Within the agricultural area, the three principal uses are crops, citrus
and pasturage. About 29,900 ha (73,850 acres) is used for cropland, 50,200 ha (124,000
acres) is in citrus production, and about 309,100 ha (763,500 acres) is in pastureland. The
region also contains about 2,185 ha (5,400 acres). of saltwater beaches and about 32 ha (80
acres) of historical and archaeological s1tes

CCAS occupies about 6,394 ha (15,800 acres) of the barner beach that also contains the city
of Cape Canaveral. Approximately 1,880 ha (4,700 acres) of the facility, or 30 percent of
the station, is developed, consisting of over 40 launch complexes and support facilities,
many of which have been deactivated. The remaining 70 percent (about 4,440 ha; 11,100
acres) is unimproved land. The two Titan IV launch complexes (LC 40 and LC 41) are
located in the northeastern most section of CCAS, about 450 m (1,500 ft) inland from the
Atlantic Ocean.

About 85 percent of the regional population lives in urban areas, with the largest
concentrations in three metropolitan areas: (1) Orlando in Orange County, with
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expansions into the Lake Mary and Sanford areas of Seminole County to the north and
into the Kissimmee and St. Cloud areas of Osceola County to the south; (2) the coastal
area of Volusia County, including Daytona Beach, Ormond Beach and New Smyrna
Beach; and (3) along the Indian River Lagoon and Coastal area of Brevard County,
specifically the cities of Titusville, Melbourne and Palm Bay.

The 1990 population of the region numbered about 2 million people. About 86 percent of
the regional population were white, 11 percent black, 2 percent Native
American/Eskimo/ Aleut/Pacific Islander/Asian and the remaining 1 percent not falling
into any of the above categories. About 6 percent of the total population was of Hispanic
origin. About 9 percent of the regional population (about 189,000 people) lived within 32
km (20 mi) of the Titan IV launch complexes at CCAS. The racial and ethnic composition
of that group reflected the overall regional population, being predominantly white.
Approximately 10 percent were black, with the remaining 10 percent falling into the other
two categories. About 6 percent of this population were of Hispanic origin. The
uncontrolled population nearest the launch complexes is about 16 km (10 mi) to the
southeast and contains less than 2 percent of the regjonal population. Racial composition
was about 97.5 percent white, 1 percent black and the remaining 1.5 percent divided
amongst the remaining two racial categories. About 2 percent of the uncontrolled
population were of Hispanic origin. :

The 1990 median annual household income across the six-county region ranged from
$7,237 to $76,232, with both ends of the range occurring in Orange County. Within 32 km
(20 miles) of the launch complexes, the median income ranged from $10,940 to $55,606,
with most census tracts within this area recording median incomes in excess of $25,000.
The median income within the nearest uncontrolled population (16 km, [10 mi] from the
launch complexes) was $34,000. '

U3




: Cassini Mission |
Final Supplemental Environmental Impact Statement

Executive Summary

Chapter 1 Appendix A
Chapter 2 Appendix B
Chapter 3 - Appendix C
Chapter 4 Appendix D
Chapter 5 Appendix E
Chapter 6

Chapter 7

Chapter 8




40 ENVIRONMENTAL IMPACTS

The environmental impacts of the Cassini mission were addressed in Chapter 4 of the
1995 Cassini EIS. Completing preparations for and implementing a normal, incident-free
mission were determined to have no substantial impacts to the human environment for.
either the Proposed Action or any of the other mission alternatives, including the 2001
Mission. 1t is unlikely, given the present composition of the population in the region, that
any given racial, ethnic, or sociceconomic group in the population would bear a
disproportionate share of any environmental impacts. The ongoing mission safety
analyses have yielded no information that changes those analyses, nor is there any change
in the impacts associated with the No Action Alternative. The cumulative impacts of a
normal Cassini mission which center around the SRMU exhaust emissions are unaffected
by the results of the updated analyses. Details of the impact evaluations of a normal
launch can be found in Sections 4.1, 4.2, 4.3 and 4.4 of the 1995 Cassini EIS.

41  RADIOLOGICAL IMPACT ASSESSMENT OF THE PROPOSED ACTION

Since completion of the Final EIS for the Cassini Mission (dated June 1995; issued in July
1995), NASA and DOE have continued the safety analysis process for the mission. This
process was described in Section 4.1.5.1 of the 1995 Cassini EIS. The "Cassini Titan
IV/Centaur RTG Safety Databook, Revision B" dated March 1997, (MMT 1997), describes
accident probabilities and environments for the mission. DOE contractors have
incorporated the MMT 1997 information into their accident analyses and recently
completed their preparation of the Safety Analysis Report (SAR) "GPHS-RTGs in Support
of the Cassini Mission" (LMM&S a-j). Results from these recent analyses, along with the
companion SAR for the LWRHUSs (EG&G 1997), are reported in this SEIS. While some of
the individual results of the SARs differ from those reported in the April 1997 Draft SEIS
and companion document HNUS 1997, the overall mission risk remains similar.

The Draft SEIS was issued in April 1997 with the best available information available at
that time. A separate report (HNUS 1997) was prepared that summarized the
methodology and interim results available from the NASA/DOE safety analysis process
for the Cassini mission. Since that time, definition of the probabilities and accident
environments for launch area accidents that might involve fallback of the SRMU
propellant and the "full stack intact impact" accident have been completed (MMT 1997).
The DOE contractor has incorporated that information into the accident analyses and
completed their RTG SAR (LMM&S g LMM&S h, LMM&S j). This final SEIS
incorporates the results of these recently completed analyses.

As with the Draft SEIS (DSEIS), the analytical results reported in this Final SEIS (FSEIS)
do not include consideration of de minimis. To review analytical results both with and
without de minimis, please refer to Appendix D.
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411 Radiological Accident Impact Analysis
4.1.1.1 Safety Analysis Process

The process used in the safety analyses to determine the risk associated with the Cassini
mission is fundamentally similar to the process used for the earlier Galileo and Ulysses
missions and is illustrated in Figure 4-1. NASA has defined those accidents which might
occur during the pre-launch, early launch, late launch, and EGA segments of the mission
in the Cassini Titan IV/Centaur RTG Safety Databook (MMT 1997). The JPL swingby
plan (JPL 1993b), and supplement (JPL 1997), address those accidents which may occur
during the interplanetary trajectory. Together, MMT 1997 and JPL 1993b/JPL 1997 define
the accidents, associated probabilities of occurrence, and accident environments that
might threaten the RTGs and RHUs.

The source terms are determined by evaluating the response of the RTGs and RHUs to the
defined accident environments (LMM&S a-, EG&G 1997). For each combination of
accident and environment, techniques such as computer simulations (again, similar to
those performed for the Galileo and Ulysses missions), and analyses based upon
empirical data from safety tests and evaluations are used to determine the probability of
rupture or breach of the iridium RTG clads and the platinum-rhodium RHU clads which
contain the PuO®,. For simulations in which clad failure occurs, the mass of the PuO,
released from the clad is determined, along with information on particle size, particle
density and release location. For clad failures in the vicinity of burning propellant, the
source term also includes the amount of PuO; vaporized and the fireball buoyancy effects.

The source terms for each case are then evaluated to determine the consequences of the
release to the environment and to people. The approach used is again quite similar to that
used for the Galileo and Ulysses missions, as well as the 1995 Cassini EIS. Each source
term is evaluated to determine how it transports and disperses from the point of release,
including the effects of weather, deposition and resuspension. Long-term (50-year)
+ passive exposure from inhalation of resuspended material and ingestion of foodstuffs is
considered, as well as the more immediate airborne and ground-based "external
exposures. The consequence reported consists of the overall radiological effect of the
source term via all of these pathways over a period of 50 years (immediate or short-term
exposure, plus subsequent exposures over a 50-year period) and is expressed in terms of
radiological dose (rem), potential health effects (latent cancer fatalities) and area of land
potentially contaminated above the EPA recommended guideline level (7.4x10° Bq/m?
[0.2 pCi/m?]) at which the need for further action needs to be considered.

The final element of the analysis is the combination of the first three steps in Figure 4-1
into an overall estimate of risk. This is accomplished by weighting the consequences
determined for each accident case by the respective probability of occurrence and
conditional probability of release. The measure of risk is then the probability-weighted
sum of consequences.
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4.1.1.2 Accident Scenarios and Probabilities

The updated mission safety analyses include detailed evaluations of 14 accident cases
for the pre-launch and early launch segments, and four cases for the late launch mission
segment, plus the EGA. These 19 accident cases and their contribution to the overall
mission segment accident probabilities are listed in Table 4-1.

During the Earth gravity assist swingby, malfunctions could cause the spacecraft to
reenter the Earth’s atmosphere, subjecting the RTG and RHUs to high aerodynamic loads
and thermal stresses. The mean probability of short-term Earth impact (i.e., during the
VVEJGA Earth swingby maneuver) by the spacecraft is 8.0x107. Loss of spacecraft control
during the interplanetary cruise could potentially result in long-term Earth impact a
decade to millennia later as the spacecraft orbits around the Sun. The estimated mean
probability of long-term Earth impact is 2.0x107.

4.1.1.3 Potential Accident Source Terms

For each accident case identified, the associated conditional probability that PuO; would
be released and the resultant amount and characteristics of the PuO; released were also
evaluated. Rather than the expectation and maximum case estimates used in the 1995
Cassini EIS, the updated mission safety analyses use more elaborate computer
simulations for the probabilities and source terms for each mission segment. The
simulations for the launchrelated mission segment accident cases are fundamentally
similar to those performed for the Galileo and Ulysses missions.

Information on launch vehicle accident probabilities and environments was used in
conjunction with mathematical models to determine the response of the RTGs and RHUs
to each accident environment and the characteristics of potential PuO; releases. These
models are based upon (1) physical principles, (2) the known mechanical properties of the
components of the RTGs and RHUs and (3) the results of series of tests conducted by DOE
on the GPHS-RTGs, their components, and the RHUs. As with the Galileo and Ulysses
EIS's, a computer code, the Launch Accident Scenario Evaluation Program, Titan
IV/Centaur (LASEP-T), was used to simulate the effect of explosions, fragments and
ground impacts on the RTGs and their components. The result of repeating the
simulation thousands of times for each accident case produces probability distributions of
the amount, location and particle size distribution of potential PuO; releases for each
accident case.

Source terms from the sub-orbital and orbital reentry accidents occurring in the late
launch mission segment were estimated using techniques similar to the early launch
mission segment. Probabilistic sampling techniques were employed to account for the
variations in location of the event, the source term if hard rock surfaces are hit, the
number of modules that might hit rock, meteorological conditions, and population

densities.
O
Ad




Table 4-1. Accident Case Descriptions P

Pre-Launch 0.0 On-Pad Explosion, Configuration 1
Pre-launch Total®
Early Launch 1.1 Total Boost Vehicle Destruct (TBVD)
1.2 Command Shutdown and Destruct (CSDS)
1.3 TBVD with SRMU Aft Segment Impact
14 SRMU Explosion
1.5 Space Vehicle (SV) Explosion
1.6 TBVD without Payload Fairing (PLF)
1.7 CSDS without PLF
1.8 SV Explosion without PLF
1.9 Centaur Explosion
1.10 Space Vehicle/RTG Impact
1.11 Payload Fairing/RTG Impact
1.12 Payload Fairing/RTG Impact, RTG Falls Free
1.13 Full Stack Intact Impact
Early Launch Total®
Late Launch 31 Sub-Orbital Reentry
5.1 Sub-Orbital Reentry from CSDS Configuration 5
52 Orbital Reentry, Nominal
53 Orbital Reentry, Off-Nominal Elliptic Decayed
Late Launch Total ®
VVEJGA Short Term Reentry
Overall Mission
2.8x102

Total

a. See HNUS 1997, Section 4.1 and LMM&S 1997 a for more information on the accident case descriptions.
b.Only accidents which threaten the RTGs or RHUs with a potential for release of PuO, are included.
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Since the 1995 Cassini EIS, more detailed reentry analyses have been completed that
provide additional insights into various branch-point probabilities in the source term
event trees for the EGA (LMM&S bé&c). This has allowed refinements to many of the
values in the event trees that result in different probabilities for each of the potential end
states for the PuO,. As with the earlier mission phase accidents, probabilistic sampling
techniques were employed to account for the variations in parameters that could affect
the source term, such as reentry angle, latitude band of reentry, altitude of fuel releases,
location of the event, the source term if rock or soil surfaces are hit, and the number of
modules that might fail.

For additional detail about source terms see Appendix D and LMM&S b, c, g & h and
EG&G 1997.

4.1.2 Environmental Consequences and Impacts
4121 Radiologicél Consequences and Risk Methodology

The Cassini nuclear launch safety risk analysis performed for each of the accident cases
identified for the RTGs and RHU's is fundamentally similar to that performed for the
Galileo and Ulysses missions and for the 1995 Cassini EIS. The updated analysis,
however, extends the techniques developed in the earlier analyses and applies
probabilistic techniques to each of the source term probability distributions. Calculations
include (1) collective radiation dose (50-year), (2) latent cancer fatalities (health effects)
over a 50-year period induced by exposure to released PuO,, (3) maximum individual
dose and average individual risk, (4) land area contaminated above the EPA guideline
level for considering the need for further evaluation, and (5) radiological risk.

For further information on radiological consequences and risk methodology see LMM&S
d-h and EG&G 1997. It should be noted that although the Cassini spacecraft will carry
129 RHUs, the updated analyses presented in this SEIS are based on an inventory of 157
RHUs.

4.1.2.2 Radiological Consequences and Risks

The summary of radiological consequences and mission risks is presented in Table 4-2.
The mean, 5-, 50-, 95- and 99-percentiles values of health effects are presented.

It should be noted that the radiological consequences and risks are reported in Table 4-2
for the GPHS-RTGs, the LWRHU's, and as “Combined.” The results reported for the
GPHS-RTGs can be found in the Safety Analysis Report for the RTGs (LMM&S a-j).
Those reported for the LWRHU can be found in the Safety Analysis Report for the RHUs
(EG&G 1997). The “Combined” consequences and risks reported in Table 4-2 are
probability-weighted to account for the results of both the above referenced safety
analyses. See Appendix D, page D-2 for a sample calculation.
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Table 4-2 Summary of Radiological Consequences and Missions Risks

9

Total Maximum Land Area
Mission S otal Individual ContaminatedC, Mission
Segment ource Probability2 Doseb, rem km2 (mean) Health Effects Over 50 Years d (w/o de minimis) Riskse
(mean)
5% 50% Mean 95% 99%
Pre-Launch GPHS-RTG 5.2x10°5 - 1.3x102 1.5x100 3.3x103 2.8x10-3 6.6x10-2 5.7x102 1.8x10-1 3.4x106
LWRHU 1.1x10-5 2.5x103 g 1.6x10-2 1.7x10-2 1.9x10-1 2.2x10-1 4.1x100 2.1x106
Combinedf 5.2x105 1.4x10-2 1.5x100 3.4x10-3 6.4x10-3 1.1x10-1 1.0x10-1 1.0x100 5.5x10-6
Early GPHS-RTG 6.7x104 2.1x102 1.6x100 4.2x105 6.3x103 7.1x10-2 1.7x10-1 1.2x100 4.7x105
Launch
LWRHU 1.8x104 5.6x104 g 8.1)'(10'4 5.8x10-3 4.2x10-2 4.4x10-2 1.3x100 7.6x10
Combinedf 6.7x104 2.1x10-2 1.6x100 2.6x104 7.8x10-3 8.2x102 1.8x10-1 1.5x100 5.5x10-5
Late Launch GPHS-RTG 2.1x10-3 1.1x100 5.7x10-2 3.1x104 8.2x10-3 4.4x102 2.3x10-1 5.5x10-1 9.2x10-5
LWRHU 3.9x109 7.7x10-6 g . h h 2.4x106 h h 8.9x10-15
Combinedf 2.1x10-3 1.1x100 © o 5.7x102 3.1x104 8.2x10-3 44x102 2.3x10-1 5.5x10-1 9.2x105
VVEIGA GPHS-RTG 6.3x107 6.5x102 1.9x101 4.0x100 1.1x102 1.4x102 3.6x102 4.8x102 8.8x10-5
LWRHU 8.0x10-7 2.1x10-2 1.7x10-1 4.3x100 7.4x100 1.3x101 3.9x101 7.0x101 1.0x105
Combinedf ,8.0x107 . 5.1x102 1.5x101 7.4x100 9.4x101 1.2x102 3.2x102 4.5x102 9.8x105
Overall GPHS-RTG 2.8x10-3 9.7x10-1 4.5x101 1.1x10-3 3.2x102 8.2x10-2 2.9x10-1 8.0x10-1 2.3x104
Mission
LWRHU 1.9x104 . 7.6x104 7.1x104 2.0x102 3.7x10-2 1.0x10-1 2.2x10-1 1.7x100 2.0x105
Combinedf 2.8x10-3 . 9.7x10-1 4.5x10-1 2.5x10-3 3.5x10-2 8.9x10-2 3.0x10-1 9.2x10-1 2.5x104
a. Product of initating accident and conditional PuQO, release probabilities. b. Maximally exposed individual dose, mean estimate.
c. Land area potentially contaminated above 7.4x103 Bq/m2 (0.2 uCi/m2).  d. Health effects are incremental latent cancer fatalities.
e. Risk calculated as the total probability times health effects. f. The combined impacts of the GPHS-RTG and LWRHU analyses are probability weighted.
g. Estimated impacts are extremely small. h. No statistics generated due to low probability of release and small source terms.




For 5-, 50-, 95-, and 99- percentile values of maximum individual dose, land area
contaminated, and collective 50-year radiation dose, refer to Appendix D. The dose and
health effects consequences presented assume no implementation of accident contingency
plans or any other mitigation actions by governmental authorities. A value less than or
equal to the 5-percentile level of consequences would be expected to occur 5 percent of the
time (ie, 1 in 20). Similarly, a value greater than or equal to the 95-percentile
consequence level would be expected to occur 5 percent of the time.

The combined total probability that a pre-launch mission segment accident would result
in a PuO: release is 5.2x10°%, or 1 in 19,200. The mean 50-year health effect consequence is
11x10? or 0.11 health effects. The mean area of land contaminated above the EPA
guideline level predicted for this mission segment is 1.5x10° or 1.5 km? (0.58 mi?). The
mean maximum individual dose associated with the pre-launch mission segment is
1.4x102 or 0.014 rem over 50 years--a dose that represents about 0.093% of the average
individual's 50-year exposure to natural background radiation. The risk contribution
attributed to the pre-launch mission segment is 2.2% of the overall mean mission risk. At
the 95-percentile level, the predicted health effects and land contamination for this
segment is equal to or less than 1.0x10" or 0.10 health effects and (from Section 4.1.2.5 of
this SEIS), 5.5 km? (2.1 mi?). At the 99-percentile level, the predicted health effects and
land contamination for this segment will be equal to or less than 1.0x100 or 1.0 health
effects and (from Section 4.1.2.5 of this SEIS), 8.6 km? (3.3 mi?).

The combined total probability that an early launch mission segment accident would
result in a PuO: release is 6.7x10%, or 1 in 1,490. The mean health effect consequence is
8.2x102 or 0.082. The mean area of land contaminated above the EPA guideline level
predicted for this mission segment is 1.6x10° or 1.6 km? (0.62 mi?). The mean maximum
individual dose associated with the early launch mission segment is 2.1x10-2 or 0.021 rem
over 50 years—a dose that represents about 0.14% of the average individual's 50-year
exposure to natural background radiation. The risk contribution attributed to the early
launch mission segment is 22% of the overall mean mission risk. At the 95-percentile
level, the predicted health effects and land contamination for this segment will be equal to
or less than 1.8x10- or 0.18 health effects and (from Section 4.1.2.5 of this SEIS), 6.1 km?
(24 mi?). At the 99-percentile level, the predicted health effects and land contamination
for this segment will be equal to or less than 1.5x10° or 1.5 health effects and (from Section
4.1.2.5 of this SEIS), 20 km?2 (7.7 mi?).

The combined total probability that a late launch mission segment accident would result
in a PuQO; release is 2.1x10°, or 1 in 476. The mean health effect consequence is 4.4x10-2 or
0.044. The mean maximum individual dose associated with the late launch mission
segment is 1.1x10° or 1.1 rem over 50 years--a dose that represents 7.3% of the average
individual's 50-year exposure to natural background radiation. The risk contribution
attributed to the late launch mission segment is 37% of the overall mean mission risk. The
area of land contaminated above the EPA guideline level predicted for this mission
segment is 5.7x10-2 or 0.057 km? (0.022 mi?). At the 95-percentile level, the predicted
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health effects and land contamination for this segment will be equal to or less than
2.3x107 or 0.23 health effects and (from Section 4.1.2.5 of this SEIS), 0.24 km? (0.093 mi?).
At the 99-percentile level, the predicted health effects and land contamination for this
segment will be equal to or less than 5.5x10 or 0.55 health effects and (from Section
4.1.2.5 of this SEIS), 0.34 km? (0.13 mi?).

The combined total probability that an EGA mission segment accident would result in a
PuO:; release is 8.0x107, or less than 1 in 1 million. The mean health effect consequence is
1.2x10? or 120. The mean area of land contaminated above the EPA guideline level
predicted for this mission segment is 1.5x10! or 15 km? (5.8 mi?). The mean maximum
individual dose associated with the EGA mission segment is 5.1x10? or 510 rem over 50
years, about 34 times the average individual’s 50 year exposure to natural radiation. This
mean maximum individual dose is accounted for in the 120 estimated health effects noted
above. It should be noted that this estimate is at a probability of less than 1 in 1 million.
At the 95-percentile level, the predicted health effects and land contamination for this
segment will be equal to or less than 3.2x102 or 320 health effects and (from LMM&S), 37
km?2 (14 mi?). At the 99-percentile level, the predicted health effects and land
contamination for this segment will be equal to or less than 4.5x102 or 450 health effects
and (from LMM&S), 55 km? (21 mi?). The risk contribution attributed to the EGA mission
segment is 39% of the overall mean mission risk.

In the unlikely event that the spacecraft becomes non-commandable anytime after
injection into its interplanetary trajectory, and control could not be reestablished, the
spacecraft’s orbit around the Sun could eventually cross that of the Earth, and the
spacecraft could impact the Earth a decade to millenia later. The combined total
probability of such an impact is 2x107, or 1 in 5 million, and the amount of PuO; released
could be similar to that released in a short-term EGA accident. However, there are .
uncertainties related to the amount of PuO; released. The uncertainties include the timing
of the reentry which has a bearing on the composition of the PuO;, given the 87.75-year
half-life of Pu - 238. The radiological consequences of a long-term reentry are therefore

assumed to be similar (same order of magnitude) to those estimated for the short-term
EGA.

Overall, the consequences predicted for the Cassini mission are low when compared with
other risks. Using a typical natural (background) radiation dose of 0.3 rem/yr and a
health effects estimator of 5x10+4 latent cancer fatalities/rem, the risk to an individual of
developing fatal cancer from a 50-year exposure to background radiation is estimated at
7.5x103, or 1 in 133. This estimated lifetime risk from background radiation is over five
orders of magnitude (i.e., 100,000 times) higher than the Cassini mission segment with the
highest average individual risk (late launch; see Appendix D, Table D-8), estimated at
1.8x10°8 or less, or a probability of less than 1 in 55 million of any given individual in the
potentially exposed population incurring a fatal cancer due to exposure from an
accidental PuO;release.
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4.1.2.3 Uncertainty Analysis

In addition to the best estimate analysis, a study of the underlying test data and model
input parameters used to estimate accident consequences and risks has been conducted
(LMM&S £, h). Because of uncertainty, the mean consequence of the overall mission or a
given mission segment has a distribution of possible values where the best estimate for
this analysis lies near the median of that distribution. Table 4-3 summarizes the risks for
various mission segments and the total mission from accidental PuO; release. The 95
percent confidence level risk is two orders of magnitude higher than the best estimate,
and the 5 percent confidence level is about two orders of magnitude lower than the best
estimate.

Table 4-3 Summary of Uncertainty Analyses:
GPHS-RTG Mission Risks

Pre-Launch 3.4x106 7.6x10°8 6.0x106 4.2x104
Early Launch 4.7x103 5.1x10% 6.2x105 7.9x104
Late Launch 9.2x105 4.1x107 7.3x105 1.3x102
EGA Reentry

(Short Term) 8.8x10° 1.2x10 7.5x10° 4.6x1073
Total Mission 2.3x104 8.3x10% 2.2x104 1.9x102

4.1.2.4 Emergency Response Planning

In accordance with the Federal Radiological Emergency Response Plan (FRERP), prior to
the launch of the Cassini spacecraft with RTGs and RHUs onboard, comprehensive
radiological contingency plans will be in place. These contingency plans, similar to the
ones developed for the Galileo and Ulysses missions, would ensure that any accident,
whether it involves a radiological release or not, will be met with a well-developed and
tested response. The plans will reflect the combined efforts of Federal agencies, including
NASA, DOE, DOD, EPA and the Federal Emergency Management Agency, and the State
of Florida and local organizations involved in emergency response. (For additional
details, see response to comment no. 8-1 in Appendix E.)

4.1.2.5 Potential Clean Up Costs Associated with Land Contamination

While the need for mitigation, and the cost involved, would be based upon actual
conditions, and the amount of land area contaminated by an accident, the 1995 Cassini
EIS developed an estimated range of cleanup costs for a postulated early launch accident
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near the launch site. Potential costs were estimated by taking the land area potentially
contaminated at greater than the EPA guideline level (7.4x10° Bq/m% 0.2 pCi/m?), and
multiplying by a range of costs (escalated to 1994 dollars) developed by the EPA for
mitigation both with ($50 million/km?) and without ($5 million/km?) removal and
disposal of contaminated soil at a near-surface facility. Using the land area potentially
contaminated by a near-launch site accident (1.5 km? [0.58 mi?] ), the EIS estimated the
potential costs to range from about $7.5 million (without removal and disposal), to about
$75 million (with removal and disposal). Table 4-4 of this SEIS uses the same
methodology and unit costs as the 1995 Cassini EIS in developing cost estimates for the
mean, 95- and 99-percentile land area contamination estimates provided by the updated
analyses.

Table 4-4 Summary of Potential Cleanup Costs Associated with Land Contamination

Pre-launch mean 15 7.5 75
95% 5.5 27.5 275
99% 8.6 43 430

Early Launch mean 1.6 8.0 80
95% 6.1 30.5 305
99% 20 100 1000

a. Estimated land areas are presented for the mean and 95- and 99-percentile levels of the consequence
distribution functions.

b. Land area estimated contaminated above 7.4x10° Bg/m? (0.2 pCi/m?).

c. Assumes $5 million dollars/km? for cleanup without removal and disposal of contaminated materials; and $50
million dollars/km? for cleanup with removal and disposal of contaminated materials

4.1.3 Radiological Impacts of the Secondary and Backup Launch Opportunities

Impacts of pre-launch, early-launch, and late-launch accidents associated with the
secondary and backup launch opportunities for the proposed action are expected to be
approximately the same as for the primary Titan IV/SRMU launch opportunity presented
_in Table 4-2. The analysis was prepared for the secondary launch opportunity, and is
applicable to the backup opportunity.

Updated analyses of the potential impacts of a short-term reentry accident associated with
each Earth swingby of the VEEGA trajectory are reported in HNUS 1997. Those analyses
were performed using the same techniques and models used for the primary launch
opportunity. Like the reentry accident with the VVEJGA trajectory, the updated analyses
for the VEEGA reentries indicate that more of the RTG components are likely to survive
the reentry conditions, resulting in less vaporization of the PuO: in the upper atmosphere
and lower world-wide impacts. As with the VVEJGA reentry, the updated analyses
indicate that high-altitude vaporization of a large fraction of the PuQ; is less likely than



indicated in the EIS. This results in lower estimates of mean source terms and mean
radiological impacts than reported earlier in the 1995 Cassini EIS.

The accident risks and impacts of a short-term inadvertent reentry for both the secondary
and backup launch opportunities using VEEGA trajectories are predicted to be similar.
The updated analyses indicate that the total probability of a PuO; release from the RTGs
and RHUs with the two Earth swingby portions of the VEEGA trajectory is 3.4x107 (1 in
2.9 million). The updated analyses also indicate that the mean impacts from an
inadvertent reentry could be 227 health effects with 21 km? (8.1 mi?) of land contaminated
above the EPA guideline level. As with the VVEJGA accident impact estimates, larger
impacts would be predicted at lower probabilities. The estimated health effects risk for
the Earth swingby portions of the secondary and backup mission is 7.6x105.

The probability of a long-term inadvertent reentry from the interplanetary cruise portion

- of the VEEGA trajectory prior to the final gravity assist is 5.9x107. No additional analyses
are available of the estimated impacts of such an accident. The reader is referred to
Section 4.1.6.2 -of the 1995 Cassini EIS for discussion of the potential impacts of an
inadvertent long-term reentry accident.

42 RA]i)IOLOGICAL IMPACT ASSESSMENT OF THE 2001 MISSION
ALTERNATIVE

The 2001 Mission Alternative would be similar to the Proposed Action in that it would
include the Cassini spacecraft with the Huygens Probe and the Titan IV (SRMU)/Centaur
launch vehicle, as described in Sections 2.1.3 through 2.1.5 of this SEIS. The primary
opportunity of this mission alternative, however, would insert the Cassini spacecraft into
a non-EGA trajectory. The launch would have a similar mission timeline as described in
Section 2.1.7 of this SEIS. This mission alternative would have a primary launch
opportunity during the first 2.5 weeks of March 2001 from CCAS, and would use a 10.3-
year VVVGA trajectory, as depicted in Figure 2-5. The first Venus swingby would occur
in August 2001, the second in September 2002, and the third in November 2005, with
Cassini arriving at Saturn in June 2011 for the four-year tour of the Saturnian system (JPL
1994). A backup opportunity in May 2002 would use a VEEGA. This alternatlve was
discussed in detail in Section 2.4 of the 1995 Cassini EIS."

Radiological impacts of pre-launch, early-launch, and late-launch accidents associated
with either the primary VVVGA or backup VEEGA launch opportunities are expected to
be approximately the same as for the primary Titan IV/SRMU launch opportunity
presented in Table 4-2.

With the primary VVVGA trajectory, there would be no opportunity for a short-term
inadvertent reentry but a long-term inadvertent reentry risk would remain. However,
with the backup VEEGA trajectory, both short- and long-term inadvertent risks would be
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present and be approximately the same as indicated for the secondary and backup
(VEEGA) primary launch opportunities presented in Section 4.1.4 of this SEIS.

Prior to launch of either the primary or backup opportunity, comprehensive radiological
emergency plans would be in place and implemented as discussed for the Proposed
Action in Section 4.1.2.4 of this SEIS.

43 THENO-ACTION ALTERNATIVE

There would be no adverse environmental impacts associated with the No-Action
alternative; however, there would be major adverse programmatic and potentially
adverse international relations impacts from a cancellation of the Cassini mission. In
addition, cancellation of the mission would result in the loss of existing United States
engineering and scientific expettise and capabilities. For further discussion of the impacts
of the No-Action alternative, see Section 4.4 of the 1995 Cassini EIS.

44  ADVERSE ENVIRONMENTAL IMPACTS THAT CANNOT BE AVOIDED

The unavoidable adverse environmental impacts associated with both the Proposed
Action and the remaining 2001 Mission alternative are related primarily to the effects of
solid rocket motor emission during the first few seconds of the launch. These impacts
remain unchanged by the ongoing mission safety analyses. For details, refer to Section 4.5
of the 1995 Cassini EIS.

45  INCOMPLETE OR UNAVAILABLE INFORMATION

The recently available analyses referenced in this SEIS constitute the full analytical
documentation relied upon in this NEPA process. Risk estimates may subsequently
become available and could potentially vary from the risk estimates reported in this SEIS.
Such subsequent information may occur as a result of statistical variance from the
ongoing separate and independent nuclear launch safety analysis and evaluation™ for
Presidential decision-making.

With respect to the long-term inadvertent reentry accident, the performance and behavior
of the materials used in the RTGs after many years (a decade to a millennia) in a space
environment are highly uncertain. Therefore, the response of the GPHS modules and
GISs in the long-term inadvertent reentry were therefore assumed to be similar (same
order of magnitude) to those estimated for the short-term VVEJGA inadvertent reentry.
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4.6  RELATIONSHIP BETWEEN SHORT-TERM USES OF THE HUMAN
ENVIRONMENT AND THE MAINTENANCE AND ENHANCEMENT OF
LONG-TERM PRODUCTIVITY

Neither the short-term uses of the environment nor the enhancements to long-term
productivity addressed in the 1995 Cassini EIS are affected by the updated mission safety
analyses. Should an accident occur causing a release, short-term uses of contaminated
land could be curtailed, pending mitigation. Refer to Section 4.7 of the 1995 Cassini EIS
for additional details.

4.7  IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES

For both the Proposed Action and the 2001 Mission alternative, quantities of various non-
renewable resources, such as energy and fuels, iridium metal, plutonium and other
materials, would be irreversibly and irretrievably committed. These remain unchanged
by the updated mission safety analyses. Additional details can be found in Section 4.8 of
the 1995 Cassini EIS.

70




| L

Cassini Mission
Final Supplemental Environmental Impact Statement

Executive Summary

Chapter 1 Appendix A
Chapter 2 Appendix B
Chapter 3 Appendix C
Chapter 4 Appendix D
Chapter 5 Appendix E
Chapter 6
Chapter 7
Chaptef 8




5.0 CONTRIBUTORS TO THE SEIS

This Supplemental Environmental Impact Statement (SEIS) was prepared by the Office of
Space Science, National Aeronautics and Space Administration (NASA). The US.
Department of Energy (DOE) has participated as a cooperating agency in the preparation
of this SEIS due to its special expertise (see 40CFR1501.6). The organizations and
individuals listed below contributed to the overall effort in the preparation of this
document.

List of Contributors

National Aeronautics and Space Administration

Mark Dahl Program Executive, Cassini
BS.E.E.
Kenneth Kumor NASA NEPA Coordinator

JD,M.B.A,, BS. Civil Eng.

Science Applications International Corporation

Dennis Ford EIS Project Manager

Ph.D., Zoology

Douglas Outlaw Senior Environmental Scientist
Ph.D., Nuclear Physics

Daniel Spadoni Senior Engineer

MB.A

Jet Propulsion Laboratory

Reed Wilcox Manager, Launch Approval Engineering, Cassini Program
MS., City & Regional Planning

Mark Phillips Member of Technical Staff

BS., Eng.

Paul VanDamme Member of Technical Staff

M.S., Public Policy

U.S. Department of Energy - L
Beverly Cook Program Director, Space and National Security Prograins

B.S., Metallurgical Engineering

Lyle L. Rutger Nuclear Engineer
M.S., Nuclear Engineering

Donald Owings Physical Scientist
M.S., Physics

Halliburton NUS

Henry Firstenberg Project Manager
M. Eng. Sci.
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Table 5-1. Contributors to the SEIS
‘ Section
Executive
Responsible Summary 1 2 3 4 5 6
Person
NASA
Mark Dahl X X X X X X X
Kenneth Kumor X X X X X X X
SAIC
Dennis Ford X X X X X X
Douglas Outlaw X X X X
Daniel Spadoni X X X X X X
Jet Propulsion |
Laboratory
Reed Wilcox X X X X
Mark Phillips X X X
Paul VanDamme X X X X
US. Department of
Energy
Beverly Cook - X X X
Lyle L. Rutger X X X X
Donald Owings X X X
Halliburton NUS
Henry Firstenberg X X X X
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6.0 AGENCIES AND INDIVIDUALS CONSULTED

This Final Supplemental Environmental Impact Statement (FSEIS) was preceded by a
Draft SEIS (DSEIS) and supporting documentation (HNUS 1997), which were made
available on April 9, 1997, to Federal, State and local agencies, organizations and to the
public for review and comment. The public review and comment period closed on May
27, 1997. Comments received were considered during the preparation of this FSEIS (see
Appendix E).

In preparing this SEIS, NASA has actively solicited input from a broad range of interested
parties. In addition to the publication in the Federal Register (F.R.) of a Notice of Intent
(NOJ) (62 F.R. 10879) and a Notice of Availability (62 F.R. 17216) for the DSEIS, NASA
distributed copies of the DSEIS and the supporting documentation (HNUS 1997), directly
to agencies, organizations, and individuals who may have an interest in the
environmental impacts and alternatives associated with the Cassini mission.

Comments on the DSEIS were solicited or received from the following;
Federal Agencies

Council on Environmental Quality

Federal Emergency Management Agency

National Science Foundation

Nuclear Regulatory Commission

Office of Management and Budget

U.S. Department of Agriculture

U.S. Department of the Air Force

U.S. Department of Commerce

US. Department of Defense

U.S. Department of Health and Human Services - Centers for Dlsease Control
U.S. Department of Health and Human Services - National Cancer Institute
U.S. Department of the Interior

U.S. Department of State

U.S. Department of Transportation

U.S. Environmental Protection Agency

State Agencies

East Central Florida Regional Planning Council

Florida Department of Environmental Regulation

State of California - Office of the Governor

State of Florida - Office of the Governor

State of Florida - Department of Commerce -7 5




State of New Mexico - Office of the Governor
State of New Mexico - Department of Public Safety

Local Agencies

Brevard County: Board of Commissioners
Comprehensive Planning Division
Economic Development Council
Emergency Operating Center
Planning and Zoning Division
Public Safety/ Emergency Management

Canaveral Port Authority ‘

City of Cape Canaveral

City of Cocoa

City of Cocoa Beach

City of Titusville

Organizations

American Association for the Advancement of Science
American Institute of Aeronautics and Astronautics
American Society of Mechanical Engineers

Cancer Prevention Coalition

Carnegie Mellon University - Department of Engineering and Public Policy
CBS-60 Minutes

Center for Defense Information

Citizens for Peace in Space

Colorado State University Libraries

Committee to Bridge the Gap

Dynamac Corporation

Energy Research Foundation

Environmental Defense Fund

Federation of American Scientists

Florida Coalition for Peace and Justice

Florida Southwest Peace Education Coalition
Friends of the Earth

Indian River Citizens for a Safe Environment
Institute for Space and Security Studies

Lawyers Committee on Nuclear Policy

Lee County Coalition for Peace

Lehigh-Pocono Committee of Concern

Marin County Peace Conversion Commission
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National Audubon Society

National Space Society

National Wildlife Federation

Natural Resources Defense Council

Nuclear Age Peace Foundation

Ohio Valley Environmental Coalition

Physicians for Social Responsibility - Los Angeles Chapter
Pikes Peak Justice and Peace Commission

Planetary Society

Religious Education for the Catholic Deaf & Blind
Resources for the Future

Sierra Club

South Dakota Peace and Justice Center

Southern California Federation of Scientists

Southern Rainbow Education Project

Union of Concerned Scientists

United Methodist Board of Church and Society

West Palm Beach Post

Women's International League for Peace and Freedom - Margaret Mead Chapter
World Spaceflight News

Individuals

Peter Allan

Geraldine Jenara Amato
Ray and Ruth Anderson
Harvey and Lois Baker
Ron Balogh

Dr. Gary L. Bennett
Linda Bermann

Al Berrie

Steve Berry

Blaine Browning

Harry A. Bryson
Thomas W. Chao

John Chaplick

Isabel K. Chiguoine

Mr. and Mrs. Malcolm Chubb
Marc M. Cohen

Fran Collier

Keith Cowing

Prof. RW.R. Darling
Edward Dierauf
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Dr. Charles Dunlap
Anthony Ehrlich

Bob Ellenberg

Donna Ellis

Mark Elsis

Richard Eng

John P. Ferrell

Rose Gaines

Harry Garcia, Jr.

John Geddie

Ronald Goodman

Gerry Greer

Karl Grossman

Sonya Guidry

Stephen G. Harber =~
Richard H. Hiers, Ph.D., J.D.
Merilyn Hiller

Thomas Hitchcock

Russell D. Hoffman
Robert R. Holt, Ph.D.
Brian Hoppy

John Huff

Carole and Frank Hyneman
Kathleen F. Kelly

Eleanor S. Kenyon

Mr. and Mrs. Harry Kernes
Candace Kilchenman '
Dr. Mary Ann Lawrence
John Robert Lehman
Sidney and Olive Manuel
Patricia Marida

A. Marshall

Allen McBride

Dr. Marcia A. McDonald
Karen McFadyen

Margery D. McIntire
David Migliore

Victoria Nichols

Mark Passen

Anna B. Pilson

Dr. Horst Poehler

Mr. and Mrs. Paul Puchstein
Ruth Putz

William Quick
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Edward D. Ramsberger
Beth Raps

Ronald P. Reed

Irving Richman

Tom Rivell

Max Rothe, P.E.
Courtney Sadler

Don Schrader

Paul H. Schultz

Gerald R. Schultz

Phil Seligman

Kenneth Silber

William Smirnow
Dorothy Scott Smith
Ruth E. and Jack Snyder
Margaret M. Spallone
Nancy Strong

Edward S. Syrjale

Lyle A. Taylor

Sylvia Torgan

Kei Utsumi

Georgia Van Orman
Ray Villard

Jeanne D. Vicini

Rea D. Ward

Harvey Wasserman
Arnie Welber

William Westall, II
Lynda Williams
Warren and Olive Wilson
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RECORD OF DECISION
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Cassini Mission
Environmental Impact Statement (EIS)

A. The Cassini Mission

The Cassini mission is an international cooperative effort undertaken by NASA, the
European Space Agency (ESA), and the italian Space Agency (ASI) to explore the
planet Saturn and its environment. Cassini is part of NASA's continuing program for
exploration of the solar system, the goal of which is to understand its birth and
evolution. The Cassini mission is planned to be launched from Cape Canaveral Air
Station (CCAS) and will invoive a 4-year tour of Saturn, its atmosphere, moons, rings,
and magnetosphere by the Cassini spacecraft, which consists of the Orbiter and the
detachable Huygens Probe. The Huygens Probe will be released from the Cassini
Orbiter to descend by parachute through the atmosphere of Saturn's largest moon,
Titan. During the descent, instruments on the Probe will directly sample the
atmosphere and determine its composition. The Probe will also gather data on Titan's
landscape. Upon completion of the Probe mission, the Orbiter will continue to make
remote and in-situ measurements of Saturn and its environment. This information
could provide significant insights into the formation of the solar system and the-
conditions that led to life on Earth. :

NASA will provide the Orbiter, the Earth-based communications and operations
network, and two scientific instruments on the Huygens Probe. ESA will provide the
Huygens Probe, and ASI will provide major elements of the Orbiter's communications
equipment and elements of several science instruments.

The scientific and technological benefits expected from the Cassini mission are
demonstrated by the long record of support not only by our Nation's scientific
community, the Congress, and Executive Branch agencies, but also by the
international science community and many European nations.

B. Introduction to the EIS

This EIS was developed to address all major elements of the Cassini mission. Formal
scoping began in February 1991 and continued into April 1991. This scoping period
was for the Outer Solar System Exploration Program, which included both the Comet
Rendezvous Asteroid Flyby (CRAF) and Cassini missions. Thirty-three scoping
comment letters were received. They dealt with: alternative power sources; risks and
impacts from plutonium-238 (PU-238) in the Radioisotope Thermoelectric Generators
(RTGs) ; accident probabilities and risk factors; mission alternatives: and NASA policy.
In January 1992 the CRAF mission was canceled and by May 1992 Cassini was
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restructured; an information update to this effect was published in October 1992. The
scoping comments were then used in developing a cassini-specific Draft EIS (DEIS).

The DEIS was made available to the public in October 1994. Fifty-one comment
letters were received. These comments dealt with a range of issues, including: the use
of plutonium in space; the status of solar technology for deep space missions; the
properties of plutonium; the radiological consequence and risk analyses; effects on
ground water near the launch site; and cumulative environmental impacts on
stratospheric ozone.

The Final EIS was made available on July 21, 1995, and the waiting period expired on
August 21, 1995. Ten comment letters were received. These letters raised no new
issues, nor did they provide new information; six of the commentors reiterated issues
they raised earlier for the DEIS.

Alternatives Considered

The alternatives addressed in the EIS were:

1. Completion of preparation for and implementation of the Cassini mission to
Saturn, including its launch onboard a Titan IV (with either the Solid Rocket
Motor Upgrade [SRMU] or the Solid Rocket Motor [SRM]', and a Centaur upper
stage) during the primary launch opportunity in October 1997, using a Venus-
Venus-Earth-Jupiter Gravity Assist (VVEJGA) trajectory; a secondary
opportunity in December 1997, using a Venus-Earth-Earth Gravity Assist
(VEEGA) trajectory; or a backup opportunity in March 1999, using a VEEGA
trajectory. The primary opportunity will enable gathering the full science return
(i.e., data) desired to accomplish the mission science objectives. Achievement
of the science objectives for the secondary and backup opportunities would
essentially be the same as for the primary, but with reduced science return.

2. Completion of preparation for and implementation of the Cassini mission to
Saturn involving dual Space Shuttle launches in early 1999, with on-orbit
assembly of the spacecraft with its upper stage(s), followed by injection in
March 1999 on a VEEGA trajectory. A backup opportunity, also a VEEGA,
occurs in August 2000. This alternative, including both the primary and backup
opportunities, would
obtain less science return than the Titan IV (SRMU)/Centaur 1997 primary
opportunity.

3. Completion of preparation for and implementation of the Cassini mission to
Saturn onboard a Titan IV (SRMU)/Centaur using a Venus-Venus-Venus
Gravity Assist (VVVGA) trajectory in March 2001 or a VEEGA backup
opportunity. in May 2002. This alternative would require both increasing the
propellant capacity of the Cassini spacecraft and completing development of a
new, high-performance rocket engine. This alternative, including both the

' At the time of this Record of Decision, the SRM has become unavailable as an option.
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primary and backup opportunities, would obtain less science return than the
- Titan IV (SRMU)/Centaur 1997 primary opportunity.

4.  Adoption of the no-action alternative, resulting in termination of preparations for
implementing the Cassini mission. This alternative would impede our Nation's
Solar System Exploration Program, deprive the world of invaluable scientific
discoveries, and disrupt internationally cooperative space activities for the
benefit of all humankind.

Mission Components Evaluated

In addition to the basic engineering design of the spacecraft, the other key components
associated with the Cassini mission are the launch vehicle, the interplanetary
trajectory, and the power system for the spacecraft's electrical requirements. These
must function together to satisfy the requirements of the mission.

Key components were evaluated in the EIS in terms of technical feasibility, ability to
satisfy the science objectives of the mission, and potential for reducing the postulated
environmental impacts associated with the October 1997 baseline mission design. To
be considered technically feasible, a component must have been tested for space-flight
applications or must be in the development stages on a timetable consistent with
satisfying Cassini's science objectives. The requirement for components to satisfy the
science objectives is essential because the mission must provide useful information in
a timely manner.

The evaluation of mission components led to the following determinations: (1) the Titan
IV (SRMU)/Centaur is the most capable U.S. launch system available and most closely
matches this requirements of the Cassini mission; (2) the Cassini mission to Saturn
requires planetary gravity-assist trajectories; and (3) the spacecraft requires the use of
three mainly plutonium-238 dioxide-fueled (**Pu0,) RTGs and up to 157 Radioisotope
Heater Units (RHUs) to satisfy the mission electrical and thermal requirements. The
total **Pu0Q, inventory will be around 400,000 curies at time of launch. NASA's Jet
Propulsion Laboratory conducted an in-depth analysis of the available electrical power
systems, including many different solar, battery, and long-life fuel cell power sources
and hybrid systems to identify the most appropriate power source for the Cassini
mission. None of-these were found to be technically feasible for Cassini. For
example, a Cassini spacecraft equipped with the highest efficiency solar cells available
would make the spacecraft too massive for launching to Saturn. The spectrum of
available launch vehicles was also analyzed, and it was determined that there is no
available launch vehicle which could avoid planetary gravity assist trajectories.

Environmental Consequences of the Alternatives

In considering the consequences of the alternatives, it was recognized that ordinarily
the only direct or immediate environmental impacts would be associated with the
normal launch of Cassini. The environmental impacts of normal Titan IV or Space
Shuttle launches have been addressed in other National Environmental Policy Act
(NEPA) documentation (e.g., the Titan IV Environmental Assessments [EAs]; Space
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Shuttle, Kennedy Space Center, Galileo [Tier-2] and Ulysses [Tier-2] EISs), and have
been updated in the Cassini EIS. These impacts have been deemed insufficient to
preclude either Titan IV or Space Shuttle operations.

Consideration of launch and inadvertent reentry accidents involving radiological
consequences was a principal focus of the Cassini EIS. The U.S. Department of
Energy (DOE), a cooperating agency, provides the RTGs and RHUs. For the Cassini
mission, DOE has prepared a preliminary risk analysis for accidents which are
postulated as causing a release of plutonium dioxide fuel from the RTGs or RHUs.
The EIS incorporates the results of DOE's preliminary risk analysis.

The analysis proceeded as follows:

a) NASA defined the launch vehicle representative (postulated) accident
scenarios’, and the environments (e.g. propellant fires and explosions, high speed
fragments, reentry conditions, etc.) to which the RTGs and RHUs might be exposed in
the event of an accident. NASA also provided the probabilities of occurrence of the
accident scenarios. ' -

b) Based on the similarity of the representative accident scenario environments to
those arising from the accident scenarios analyzed for the 1990 Ulysses Final Safety
Analysis Report (FSAR) supplemented with additional analyses, DOE estimated the
response of the RTGs and RHUs to those environments. In this manner, DOE was
able to determine if a given representative scenario could lead to a release of
plutonium dioxide fuel and the potential amount of a release (i.e., a "source term").

C) For those cases where a release could possibly occur, DOE then estimated the
dispersion, deposition, and health and environmental consequences along with the
probability of occurrence given that the postulated release occurred.

The radiological consequence results are reported in the EIS in terms of "expectation”
and "maximum" cases. The expectation case for a given representative accident
scenario represents a probability-weighted average over conditions associated with the
accident scenario under consideration, and uses the average source terms developed
in the analysis. The maximum case for a given representative accident scenario
represents a nominal upper limit without consideration of uncertainties® , based on the
use of the maximum source terms. - The maximum case corresponds to either the
upper limit deemed credible for a given representative scenario based on consideration

? The Cassini EIS deals with a set of four credible launch phase accident scenarios (i.e., Command
Shutdown and Destruct, Titan IV (SRMU) Fail-to-Ignite, Centaur Tank Failure/Collapse, and Inadvertent
Reentry from Earth Orbit) that are deemed representative of those which could potentially result in a
release of plutonium dioxide from the RTGs or RHUs. The planned Cassini Final Safety Analysis Report
(FSAR) for the nuclear launch safety analysis and evaluation processes will provide more detailed
evaluations of the full set of accidents and environments that could occur during the Cassini mission.

* Due to the preliminary nature of the analyses presented in the EIS, no uncertainty analysis was

performed and uncertainties are addressed in only general terms. Uncertainty analysis will be performed
as part of the ongoing studies in support of the Cassini FSAR. ) 9 %
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of currently available supporting analyses, or that corresponding to a total release
probability greater than or equal to a probability cutoff of 107.

C. Assessment of the Analysis

Through over three decades of research, development, test, and evaluation, DOE has
reduced the hazards associated with the use of the RTG space power system by the
design of the RTG. Materials have been chosen (e.g., plutonium dioxide in ceramic
form) and designs selected which, in the event of an accident, contain or immobilize
the fuel to the maximum extent practical.

The results of the analysis show that in most launch phase accidents* there would be
no release of nuclear material. In the event of a release, the analysis indicates that for
neither the expectation case nor the maximum case would there be any health effects
(i.e., excess latent cancer fatalities).

During the interplanetary portion of the mission, postulated inadvertent reentry accident
scenarios could result in release of plutonium dioxide. However, the mission's design
ensures that the expected probability of such reentry is less than one in one million. If
such an accident were to occur, the expectation case predicts that there could be
approximately 2300 health effects worldwide over a 50-year period. The EIS presents
a mission risk summary (Table 4-18, page 4-78 of the EIS) in which the risks of health
effects are divided by the potentially affected populations to estimate the average risk
per individual. In this regard, there would be a chance of about one in three trillion for
the average potentially exposed individual, in the global population, incurring a fatal
cancer as a result of a fuel release from an inadvertent reentry during Earth swingby.

Finally, the risks are compared with tabulated, published risk data. The risks
associated with the Cassini mission are thereby seen to be several orders of
magnitude less than risks encountered and accepted elsewhere in our daily lives.

Choice of Alternatives

In view of the small risks associated with the Cassini mission, it is my intention to
choose the proposed action, Alternative 1 (above, page 2), based on programmatic
grounds as follows. R . -

Alternative 1, completion of preparations for and implementation of the Cassini
mission, including its launch on a Titan IV (SRMU or SRMj)/Centaur in October 1997,
the secondary opportunity in December 1997, or the backup opportunity in March
1999, would enable the earliest and best return of scientific information, make most
effective use of fiscal, human and material resources, and avoid disruption of the
Nation's program for solar system exploration.

* See footnote 2 on p. 4 95
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It is important that the Cassini mission is accomplished while the Voyager exploration
results are recent and much of the associated scientific expertise is still available.
There would be more than 23 years between the Voyager flybys of Saturn and the
2004 arrival of Cassini (for the primary launch opportunity). The exploration of the
Saturn system by Cassini is essential to answering some fundamental questions about
the origins of life and of our solar system. The international scientific and technological
community anxiously awaits its results.

The no-action alternative, while presenting the minimum environmental risk, would,
however, jeopardize our Country's unique Outer Solar System Exploration Program,
deprive society of the invaluable scientific knowledge which will result from this
mission, and could seriously disrupt and strain the international partnerships the U.S.
has formed to undertake space activities for peaceful purposes, such as the Cassini
mission. The choice to complete preparations for and to implement the mission is fully
consistent with the mandate of the National Aeronautics and Space Act to contribute
materially, among other things, to the expansion of human knowledge of phenomena in
space.

D. Additional Information

In addition to requirements under the NEPA and NASA policy and procedures, there is
a separate and distinct Executive Branch interagency process for evaluating the
nuclear launch safety of the mission. Pursuant to paragraph 9 of Presidential
Directive/National Security Council Memorandum #25 (PD/NSC-25), a Safety
Evaluation Report (SER) will be prepared by an ad hoc Interagency Nuclear Safety
Review Panel (INSRP). [ will be fully briefed on the outcome of the safety analyses
and the Cassini INSRP evaluation prior to the launch of the Cassini mission.

Extensive safety and technical reviews are continuing for the Cassini mission. In the
event there are significant differences between the analysis for the EIS and the results
of the final safety analyses and evaluations, those differences will be considered and a
determination made as to the need for any additional NEPA documentation.

E. Mitigation

The only expected or immediate environmental impacts of the Cassini mission are the
- same as those for every Titan IV launch, and mitigation will accordingly be the same.
This EIS primarily addressed possible radiological consequences of mission accidents.
Regarding such possible radiological impacts, NASA, with expert technical assistance
from DOE, the Department of Defense, the U.S. Environmental Protection Agency, and
other federal agencies, and in cooperation with state and local authorities, will develop
a federal radiological emergency response plan. Key elements of monitoring and data
analysis equipment will be predeployed to enable rapid response in the event of a
launch contingency. The plan, to be documented elsewhere, will address both
monitoring and mitigation activities associated with the launch. In particular, post-
“accident mitigation activities, if required, will be based on detailed monitoring and
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assessment at that time. The plan will carefully detail the roles of the agencies
involved. NASA will be the Cognizant Federal Agency coordinating the federal
response for accidents occurring within U.S. jurisdiction, and would coordinate with the
Department of State and other cognizant agencies, as appropriate, in the
implementation of other responses. :

Decision

Based upon all of the foregoing, | am confident that reasonable means to avoid or
minimize environmental harm from the Cassini mission have been adopted; or, if not
already adopted, will be adopted, as appropriate, upon conclusion of the safety
analyses. Accordingly, it is my decision to complete preparation of the Cassini mission
for launch in the October 1997 opportunity, or either the secondary or backup
opportunities, and to implement the mission.

//@&W | /D/ w/ a3

Wesley T/ Huntress, \%t Daté
Associate Administrator for

Space Science
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accident environment--Resulting conditions from an accident scenario, such as blast
overpressure, fragments and fire.

accident scenario-Launch vehicle and/or spacecraft condition resulting from failure
model(s) at the component and/ or subsystem level(s). Different failure modes can result in
the same accident scenario.

astronomical unit (AU)--The distance from the Earth to the Sun. It is equal to 149,599,000
km (92,960,818 mi).

background radiation--Ionizing radiation present in the environment from cosmic rays
and natural sources in the Earth; background radiation varies considerably with location.

Becquerel (Bq)--Unit of radioactivity equal to 1 disintegration per second.

Best estimate--The best estimate reflects what is considered to be the most representative
mathematical models, parameter values used in the models, and probability distributions
to describe inherent variability as inputs to the analysis. As such, the best estimate reflects
the anticipated outcome of the radiological consequences and risk without consideration of
uncertainty in either the models or parameter values.

cancer--A group of diseases characterized by uncontrolled cellular growth.

clad--Thin-walled metal enclosure that encases the outer shell of nuclear fuel and prevents
the release of plutonium dioxide and alpha particles into the environment.

conditional probability--The probability that a release of radicactive material could occur
given an initiating accident (i.e., the accident has occurred).

cumulative impacts--Additive environmental, health, safety and significant socioeconomic
impacts that result from a number of similar activities in an area.

Curie (Ci)--A measure of the radioactivity level of a substance (i.e., the number of unstable
nuclei that are undergoing transformation in the process of radioactivity decay); one curie
equals the disintegration of 3.7x1010 (37 billion) nuclei per second and is equal to the
radioactivity of one gram of radium-226.

decay heat--The heat produced by the energy of decay of radionuclides.

decay, radioactive--The decrease in the amount of any radioactive material with the
passage of time due to the transformation of one nuclide into a different nuclide or into a
different energy state of the same nuclide. The decay process results in the emission of
nuclear radiation (alpha, beta, or gamma and neutrons) and heat.
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decontamination (radioactive)-The reduction or removal of radioactive contaminants
from surfaces of equipment by cleaning or washing with chemicals, by wet abrasive
blasting, or by chemical processing.

de minimis--This is a concept to indicate a collective dose level at which the risks to human
health are considered negligible.

deposition—-In atmospheric transport terms, the settling out on ground and building
surfaces of atmospheric aerosols and particles (dry deposition) or their removal from the air
to the ground by precipitation (wet deposition or rainout).

dose--The amount of energy deposited in the body by ionizing radiation per unit body
mass.

dose commitment--The dose that an organ or tissue would receive during a specified
period of time (e.g., usually 50 years) as a result of intake (as by ingestion or inhalation),
frequently over one year, of one or more radionuclides from a defined release.

dose equivalent--The product of the absorbed dose from ionizing radiation and such
factors that account for the difference in biological effectiveness due to the type of radiation
and its distribution in the body (measured in Sieverts [rem]). The weighting factor for beta
and gamma radiation is 1, and, for alpha radiation, it is approximately 20; thus, 1 Gy (100
rad) gamma radiation is equivalent to 1 Sv (100 rem), and 1 Gy (100 rad) alpha radiation is
equivalent to 20 Sv (2,000 rem). '

exposure to radiation--The incidence of radiation from either external or internal sources
on living or inanimate material by accident or intent:

* Background--exposure to natural background ionizing radiation

* Occupational--exposure to ionizing radiation that takes place during a person’s
working hours

* Population (or collective)--sum of the exposures to a number of persons who inhabit
an area :

- gravity-assist--Using the planetary gravitational field to increase the velocity or decrease
the injection energy of a spacecraft.

half-life (radiological)--The period required for the disintegration of half the atoms in a
given amount of a specific radioactive substance. The half-life varies for specific

radioisotopes from millionths of a second to billions of years.

health effect (for this EIS)--The impact to human health due to radiation doses. The
number of excess latent cancer fatalities over and above the normal occurrence rate that
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could occur in the exposed population as a result of radiation from a launch accident or
swingby accident.

initiating event (failure)--An event that can begin an accident sequence if followed by
systems failures.

initiating probability--The probability that an identified accident scenario and associated
adverse conditions (accident environment) will occur.

ionizing radiation--Any radiation capable of displacing electrons from atoms for
molecules, thereby producing ions.

isotope--One of perhaps several different species of a given chemical element with the
same number of protons, which are distinguishable by variations in the number of neutrons
in the atomic nucleus, but indistinguishable by chemical means.

maximum individual dose--The maximum individual dose that an individual could
receive over a 50-year commitment period.

offsite--The area outside the property boundary of the CCAS/KSC site.
onsite--The area within the property boundary of the CCAS/KSC site.

onsite population-NASA, DOD and contractor personnel who are on duty at CCAS or
KSC and badged onsite visitors.

Orbiter--For purposes of this EIS, a spacecraft, such as Cassini, designed to orbit a planet
(i.e., a celestial body) without landing on its surface.

plutonium~-A heavy artificially produced radioactive metal (atomic number 94) with 15
isotopes. The Pu-238 isotope forms the basis for the fuel in the RTG. With a decay half-life
of 87.7 years, Pu-238 is produced from the neutron bombardment of neptunium-237.

proposed action--For this SEIS, the proposed action consists of completing the preparation
for and implementing the Cassini mission, including launching the spacecraft for its four-
year science tour of Saturn.

radiation--The emitted particles (alpha, beta, neutrons) or photons (gamma) from the nuclei
of unstable (radioactive) atoms as a result of radioactive decay. Some elements are
naturally radioactive; others are induced to become radioactive by bombardment in a
nuclear reactor or other particle accelerator. The characteristics of naturally occurring
radiation are indistinguishable from those of induced radiation.
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radioactivity--The spontaneous decay or disintegration of unstable atomic nuclei, usually
accompanied by the emission of ionizing radiation.

radioisotope heater unit (RHU)--An RHU is a radioisotope-fueled system consisting of a
one-watt pellet of plutonium-238 dioxide, a platinum-30 rhodium (Pt-30Rh) clad, an
insulation system of pyrolitic graphite (PG) and an aeroshell/impact body of fine-weave
pierced fabric (FWPF). RHUs help to regulate temperatures onboard the spacecraft and the
Huygens Probe. .

radioisotopes—-Unstable isotopes of an element that decay or disintegrate .and
spontaneously emit particles or electromagnetic radiation.

rem--The unit dose representing the amount of ionizing radiation needed to produce the
same biological effects as one roentgen of high-penetration X-rays (about 200 kv).

risk--The accident probability coupled with the associated consequences. Risk is defined
quantitatively as the product of the frequency and the consequence. Risk, for the purpose
of the Cassini EIS and for this supplement, is defined as the total probability of an accident
times the consequence, and summed over all accidents in a given mission phase, segment,
or the overall mission.

risk assessment--A process comprising the identification of the hazards, such as patterns
and level of exposure, and the evaluation of the risk (ie, accident frequency and
consequences) to affected individuals or populations from a known event.

Sievert (Sv)--The SI unit of dose equivalent. One Sv is equivalent to 100 rem.

solar energy--Energy from the Sun or heat from the Sun converted into an energy source.
source term--The quantities of materials released during an accident to air or water
pathways and the characteristics of the releases (e.g, particle size distribution, release
height and duration); used for determining accident consequences.

swingby--Part of the trajectory when, during an interplanetary mission, a space vehicle
passes by a planet to use the planetary gravitation to change course and to obtain additional
velocity/ momentum.

trajectory--The flight path that a spacecraft will take during a mission.

upper stage—The portion of the launch system that injects the spacecraft (payload) from a
parking orbit into the desired orbit or interplanetary trajectory.
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EUROPEAN SPACE AGENCY
Keplerlaan 1- Noordwijk - The Netherlands
Central Fax - (31)+565.6040
HUYGENS FAX- (31)+71-565.6302

FROM: H. HASSAN / PY DATE: 21 Oct 96
TELEPHONE: (31)+71-565.3448 NUMBER OF PAGES: 1 + 6
TO: D. Kindl / JPL / FX=001 818 3934495 (Q-1)
COPIES: D. Dale / P

OUR REF.: PY/1.0/I111/6339/sp

SUBJECT: LILT Solar Cells

Attached please find a memo from the Head of Power Conversion
Division (XP) on the above subject .

I thrust that this closes the related action item satisfactorily.
Best regards,
(b

H. Hassan

European Space Agency
Agence spatiale europeene

ESTEC

Postbus 299 - NL 2200 AG Noodwijk - Keplerlaan 1 - NL 2201 AZ Noordwijk ZH -
Tel. (31) 71 5656565 - Fax (31) 71 5656040
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memorandum
Ref: XP- 1612-dos Date: 31st August 1996 ?{,‘1 e
Your Ref.:
To: H. Hassan (PY)
From: D. M. O’Sullivan (XP)
CC: K. Bogus (XPG), C. Signorini (XPG), J. Haines (XPM

Subject:  Assessment of the JPL system study related to the possible use of photovoltaic
arrays for the CASSINI mission

Following evaluations of recently provided JPL documentation in the ESTEC Power and Energy
Conversion Division, please find attached two relevant assessments.

It is evident from the attached assessments that although ESA is currently proposing to use
photovoltaic solar arrays supporting Low Intensity, Low lllumination (LILI ) solar cells for the ROSETTA
cometary encounter (3.25 AU) spacecraft, such an approach for the more power demanding, much
deeper space (9.3 AU) and poorly known Saturn radiation environment of the CASSINI mission, is
impractical in respect of its launcher capability and the scientific requirement for a rapid body orientation
ability.

As a result we concur with the reviewed JPL system level study which shows a mass and
configuration impact for the currently defined 837 watt CASSINI mission, which would be prohibitive for
the programme.

Although a new generation of_ultrathin LILT soar cells could potentially offer a solution and produce
a lower mass impact than the 1396 kg addressed by JPL in the study such solar cells have not yet been
developed.

As a result of the attached deliberations it can be concluded that as of this point in time, LILT solar

cells (including those developed by ESA) are not a viable power source alternative for the presently
defined CASSINI mission of NASA.

D. M. O'Sullivan

Head of Power and Energy Conversion Division (XP)

European Space Agency
Agence spatiale europeene

ESTEC

Postbus 299 - NL 2200 AG Noordwijk - Keplertaan 1 - NL 2201 AZ Noordwijk ZH - Netherlands
Tel: (INT) + 31-71-5653855 - Fax: (INT) + 31-71-5654994 O %
E-Mail: JHAINES@vmprofs.estec.esa.nl /
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memorandum
Ref: XP- 1611-jh Date: 31st August 1996
Your Ref.:
To: H. Hassan (PY) via D. O’'Sullivan (XP
From: J.E. Haines (XPM)
CC: K. Bogus (XPG), C. Signorini (XPG)

Subject:  Assessment of the JPL system study related to the possible use of photovoltaic
arrays supporting Low Intensity, Low lllumination GaAs and Si solar cells for the
CASSINI mission. (Appendix D of the Cassini EIS Supporting Studies Vol.2)

Following your request to assess the overall system/power system aspects of the JPL study on the
possibility of using GaAs and LILT solar cells for satisfying the CASSINI mission, please find the result of
my own evaluation:

1) General

It is evident that the work presented in Appendix D demonstrates a comprehensive study on the part
of JPL into the potential of applying new solar cell technologies to the CASSINI mission. In particular the
study addresses the possibility of applying: :

i) High efficiency silicon (Si) solar cells with defined Low Intensity, Low Temperature (LILT)
performance.

and

i) Gallium Arsenide (GaAs) solar cells with defined Low Intensity, Low lltumination (LILT)
performance .

to the CASSINI mission.

it must of course be noted that although the ESA ROSETTA spacecraft programme is intended to be
operated with LILT solar cells up to a maximum sun distance of 5.2 AU (with full science operations only
needed up to a sun distance of 3.25 AU), CASSINI has the distinct disadvantage of having to operate in
Saturn orbit, this resulting in a full spacecraft performance requirement at a sun distance ranging
between 9 AU and 9.3 AU.

European Space Agency
Agence spatiale europeene

ESTEC

Postbus 299 - NL 2200 AG Noordwijk - Keplerlaan 1 - NL 2201 AZ Noordwijk ZH - Netherlands
Tel: (INT) + 31-71-5653855 - Fax: (INT) + 31-71-5654994 i O ﬂ
E-Mail: JHAINES@vmprofs.estec.esa.ni }




In terms of solar intensity this results in CASSINI receiving only:
[(1/9.3)2/1 ]-0.0115 (1.15 %) of the solar insulation as compared to an earth orbit
2) Solar Cell Technologies and Performances

An assessment regarding the solar cell performances evaluated during the course of the JPL study
contained in memorandum K. Bogus to H. Hassan (XPG/KB/4796-1/mac) dated 4th July 1996.

The conclusions of this memorandum however were that JPL had presented a balanced and
realistic picture with regard to the predicted performances of both the LILT Si and LILT GaAs solar cells
evaluated during the course of this study.

3) System Level Aspects

In reviewing Appendix D it is apparent that an extensive assessment of the system level impacts of
incorporating a suitable photovoltaic array onto the CASSINI spacecraft has been conducted with the
mass and cost implications being addressed in detail. The specific performances assumed for the solar
array area and consequent mass, its incorporation onto the spacecraft and integration with the on-board
electrical power system appear to be realistic figures.

The only two technical points where it is considered the assessment has been excessively optimistic
is;

i) In regard to the fact that the introduction of the peak power tracker for main power bus regulation
(in lieu of an RTG shunt regulator), will result in an additional 5% - 10% throughput power loss within this
‘serial’ type regulator.

This will be reflected as a 5% to 10% increase in the power required from the photovoltaic array.

i) In regard to the implications for spacecraft attitude control where for the LILT GaAs solar cell
case the predicted increase in the CASSINI launch (wet) mass is from its current level of 5.630 tonnes to
7.026 tonnes (6023 kg of core spacecraft and 1003 kg of deployed, and highly flexible solar arrays).

Although the JPL study addressed the implication of a much reduced maneuver rate capability for a
solar powered CASSINI, it can be foreseen that the resultant configuration where the deployed, flexible,
solar array is a significant proportion of the overall spacecraft mass, will result in the definition of highly
complex attitude control laws and an extensive supporting verification test programme.

This mass ratio between the core spacecraft and the deployed solar array panels will of course get
worse at end of mission life when the 3130 kg of on-board liquid propellant is depleted, the core
spacecraft mass then reducing to only 2893 kg.




4) Conclusions

The detailed assessment conducted by JPL into the possibility of powering the CASSINI mission with
photovoltaic array and energy storage batteries has resulted in the identification of a projected mass
increase of 1.396 tonnes for a LILT GaAs solution to 1.977 tonnes for a LILT Si solution. Both of these
deltas result in a total spacecraft mass which is outside of the capability of the current best launcher
option (Titan IV/Centaur) for the CASSINI mission.

As a result of reviewing the system level evaluation conducted by JPL on can only support their
present conclusion, that replacement of the three currently baselined Radio-isotope Thermal Electric

Generators (RTGs) by a photovoltaic power source utilizing ‘start of the art’ technology is impractical for
the currently defined CASSINI/HUYGENS mission to Saturn and its moon Titan.

¢, Htawnen
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MEMO: XPG/KB/4796-1/mac 4-7-1996

FROM: K. Bogus (XPG)

TO: H. Hassan (PY)

cc. XP, C. Signorini (XPC)

Subj.: LILT Solar Cells and JPL’s CASSINI Study

Attached please find a draft of the XPG-assessment of the JPL-memo on “European LILT solar
cells and Cassini” for your perusal. Following the incorporation of changes which you might
propose, this could be send to JPL as planned.

It is essential to take note of the following comments and remarks in order to read the assessment
in the proper perspective:

[1] The JPL-memo is a revision of on earlier JPL note by the same author, P. Stella who is a
well-known solar cell expert at JPL. This previous note is not accessible in XPG.

[2] The JPL-memo mentions a Cassini solar array (system) analysi s performed previously at
JPL which apparently studied the mission-impact of replacing RTG’s by a solar array using US-
solar cells. This report is also not available and outside the scope of our comments.

[3] The comments made on European LILT cells developed under ESA contract are limited
to the component level. No solar array has been designed yet with these cells and statements on
array subsystem level are therefore of somewhat hypothetical nature. Further comments on
system level aspects could possibly be generated by systems engineers of the ROSETTA team.
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ESTEC, 4-07-1996

ESTEC-Solar Generator Technology Section Comments to the JPL-MEMO on
“European LILT Solar Cells and Cassini”
(P. Stella/Ref. nr. 342-PSRE-95-119 Rev. A/date: 26-06-96)

[1] General Remarks:

Data available at ESTEC on European LILT-solar cells are limited to ROSETTA-type
applications, i.e. up to about 6 A.U. and down to temperatures of-150 °C. Therefore, data for the
CASSINI mission have to be based on extrapolations with their associated uncertainties. This
also applies to the particle radiation damage which for CASSINI is much more severe that for
ROSETTA.

The approach chose for these extrapolations in the JPL-memo appears generally sound
and the general results obtained are considered as balanced and without over-pessimistic bias.

[2] Detailed Comments:

[2.1]  The LILT-silicon cell efficiency reported by ESTEC at 5.8 A.U. and -150 degrees C is
24%-26% whereas the JPL-memo quotes 22%-24%. These lower values are considered as
realistic in the context of the memo considering the fact that the ESTEC reported data are peak
values of laboratory-made devices and not mass-production devices on the one hand and also the
possibly detrimental effects of temperature and lower sun intensity at 9.2 A.U..

[2.2]  Similar comments apply for the efficiency of the GaAs-on-GaAs cells.

[23] The assumptions on cell mass and thickness for CASSINI-type solar arrays are
considered as non-pessimistic for the silicon and GaAs-Ge-LILT-cells developed so far. It is
noted that a reduction of cell mass might be feasible by developing LILT-GaAs cells in ultrathin
substrate-free configurations as demonstrated by recent developments for 1 A.U. applications.
Admittedly, the mass reduction on array level would be limited since the solar cell mass is only
one of several array-mass determining factors. Moreover, ultrathin LILT cells have not yet been
developed.
JPL’s assumptions on array mass can not be verified at ESTEC since they are based on a

specific JPL-subsystem design. However, there is no reason fo assume that the JPL data as used
in the previous CASSINI solar array study, are over-pessimistic.

[24]  The statements made in the JPL-memo on radiation damage of LILT cells in the
CASSINI radiation environment indicate correctly the general trends but are fairly vague. From
the data available at ESTEC the general trends as stated are confirmed and no data with higher
accuracy can be provided since (a) the available measured data of low-temperature radiation
damage in LILT cells are not giving a complete picture yet and (b) the CASSINI radiation
environment is not known in detail and has not been analyzed at ESTEC.

{3] Conclusion:

The statements made in the JPL-memo referring to European LILT-solar cells result in an overall
balanced and realistic picture of the LILT development results. The numerous uncertainties
appearing in the memo are unavoidable since the LILT-development in Europe is oriented
towards the ROSETTA-application which is very different from the CASSINI case. It is doubtful
whether more accurate CASSINI-specific LILT solar cell data would lead to a radically different
assessment regarding array mass and area. l \ 3




MEMO 342-PSRE-95-119 REV.A

To: Sandra Dawson

From: PaulStella %0 4845

Subject: European LILT silicon cells and Cassini
Date: June 26, 1996

Revision Items: This memo has been revised to include recent data on the

European LILT solar cells and on integral bypass diodes for solar cells. The diodes
that are now undergoing development would fit beneath the solar cells and not
utilize additional array area. Although it is not clear that these would be compatible
with ultra-thin solar cells, it will be assumed that they will be suitable. This most
recent data indicates that the initial Cassini array study results are still valid, i.., that
any such array will be prohibitively massive. :

References:

1. “Low Temperature Irradiation Damages in Silicon Solar-Cells" by Isamu
Nashiyama, 11th International Symposium on Space Technology and Science,
Tokyo, Japan, July, 1975,

2. "Development of Advanced Si and Ga As Solar Cells for Interplanetary
Missions", by G. Strobl et al, Proceedings of the 14th Space Photovoltaic Research
and Technology Conference, October, 1995, NASA Conference Publication 10180

The Cassini solar array analysis was reviewed and updated to account for improved silicon cell
LILT performance using published data on the European research cells. This was done using
data from the December, 1994, World Photovoltaic Conference in Hawaii. The analysis that we
performed attempted to determine a cell efficiency for operation at 9.2 AU. Data presented
above extends their measurements to 5.8 AU and requires an extrapolation for use at 9.2 AU. 1t is
noted from their data that their is a small fall off in efficiency when moving from 3 AU t0 5.8
AU. This would suggest that 9.2 AU efficiencies would be even lower. However, it was decided
to use the 5.8 AU values, as measured, as an optimistic estimate. Their measured cell efficiencies
have been in the 22-24+% range at 5.8 AU, depending on the type of cell measured. They now
are working with three (3) cell types, silicon, GaAs/GaAs, and GaAs/Ge (for the latter two cells
the second entry is the base substrate material. The GaAs/Ge cell has been added since this
memo was originally prepared. This was done to reduce costs and also to increase cell strength
since pure GaAs is extremely fragile. Ge (germanium) provides an improvement although it is
still much more fragile than silicon. For this reason, the GaAs type cells must be limited to
minimum thicknesses twice the thickness of the thinnest usable silicon cell. Since GaAs and Ge
have more than twice the density of silicon, the thinnest GaAs cell is approximately four times
the mass of the thinnest silicon cell. We assumed that actual production cell performances would
average approximately 22% for use on Cassini. This reduction from the research results is
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Sandra Dawson
Page 2
June 26, 1996

observed for both existing silicon cells and GaAs/Ge cells and reflects the cell variations that
exist in large production lots. At present, the existing process is more complex than for
conventional space cell manufacture and a drop of an efficiency point is not unusual for
reasonable production yields. Since a Cassini array would utilize a very large quantity of cells it
would not be practical to "handpick” just the "highest" cells. This is especially true since a cell
optimized for 9.2 AU, reduced grid line density, for example, would not be suitable for typical
Earth orbiting missions.

The existing European LILT silicon cell is approximately 200 microns thick, appreciably greater
than the 62 microns assumed in our existing Cassini analyses. Due to the complexity of their
process and the need for accurate cell surface etching, it is expected that cell thickness reduction
to this level would incur substantial handling and breakage problems. In fact, manufacturers of
conventional cells have discouraged use of cells of this thin size due to extreme breakage. (It
turns out that the use of a 200 micron silicon cell will have approximately the same array blanket
areal mass density (Kg/meterl) as the 85 micron thick GaAs/Ge cell used in the initial Cassini
analysis). The approach undertaken in our "quick look" reassessment was to recalculate the
GaAs/Ge array performance using the higher value of 22% efficiency obtained by the Europeans
rather than the 18.3% value originally assumed for GaAs/Ge. (This basically simulated replacing
the GaAs/Ge cell with the thicker European LILT silicon cell maintaining the array blanket areal
mass density value.) The projected savings in array area would then be 20%, corresponding to
the difference in cell efficiencies. It was assumed that the mass savings would be somewhat less,
in the 10-15% range. There are two reasons for this. First, a large fraction of the lightweight
deployable array mass is contained in area independent components such as deployment motors
and latches/containment structures. Consequently, these masses would not change. Second, as in
the case of silicon, it has proven difficult to manufacture ultra light solar cells without extreme
breakage. For GaAs/ Ge, the minimum practical thickness is most likely 100-125 microns. For
GaAs/As it would be even thicker, especially in view of the use of an ultra-low mass flexible
substrate and ultra-thin coverglasses (50 microns). This is considered an optimistic evaluation.

At a first look it would seem that a cell mass savings could be achieved by using the LILT
silicon cell which exhibits efficiencies at 5.8 AU comparable or better than the GaAs based cells.
However, reasons why this is not expected to be the case are focussed primarily on cell radiation
behavior. However, it is well known that silicon cells degrade more severely than GaAs cells.
Data presented in reference two shows a substantial power loss for the silicon cells at radiation
levels that are lower than presently anticipated for the Jupiter fly-bye. From the data it is
estimated that the silicon cells will lose between 30 and 40% of their unirradiated efficiency
during the severe fly-bye. Consequently it is likely that the a silicon array consisting of the LILT
silicon cells would end up heavier than the GaAs array in order to compensate for the radiation
induced power loss. As a final note, information (ref 1.) discovered in our literature search (B.
Nesmith and P. Stella) indicates that cells irradiated at low temperature conditions, such as
would be encountered at Jupiter, may suffer more severe degradation than cells subjected to the
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June 26, 1996

same irradiation at room temperature conditions. Inasmuch as the Cassini analysis has been
conducted to date using room temperature laboratory radiation data it is likely that all solar array
analyses have been using overly optimistic cell radiation assumptions. This can only be
quantified by performing low temperature irradiations on the U. S. and European cells of interest.

Consequently, it is concluded that the use of European LILT cells on a Cassini array may
provide some improvement in mass and area factors. However, due to the extreme requirements
of this mission, the impact of these improvements is minimal and does not substantially change
the basic conclusion regarding excessive array mass and area.

cc: C. Lewis

B. Nesmith
R. Wilcox
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APPENDIX D

Summary Tables of Safety Analysis Results

This appendix presents tables summarizing results from the most recent Cassini mission safety
analyses for the GPHS-RTG Final Safety Analysis Report (FSAR) (LMM&S 1997a-h) and the
LWRHU FSAR (EG&G 1997) for use in the Final SEIS. The primary reference for the GPHS-
RTG results was the FSAR Supplemental Analysis volume (LMM&S 1997h). The results
presented by mission segment (Pre-Launch, Early Launch, Late Launch, VVEJGA, and
Overall) include accident source terms, release probabilities, radiological consequences,
mission risks, and average individual risks. These results are presented in the following tables:

Table D-1 * Summary of Accident Source Terms

Table D-2 ~ Summary of Mean Radiological Consequences

Table D-3 ~ Summary of 5-th Percentile Radiological Consequences

Table D-4  Summary of 50-th Percentile Radiological Consequences

Table D-5 Summary of 95-th Percentile Radiological Consequences

Table D-6 Summary of 99-th Percentile Radiological Consequences

Table D-7  Summary of Mission Risks

Table D-8  Summary of Average Individual Risks

Table D-9  Summary of GPHS-RTG Uncertainty Analysis Results
Table D-10 summarizes the information sources for the results presented in Tables D-1 through
D-9, along with notes related to values extracted from the information sources and any
calculations performed in summarizing the results. In summarizing the results from the safety
analyses in Tables D-1 through D-9, slight differences occur when compared to the source
documents due primarily to roundoff.
For a given mission segment result type reported in Tables D-1 through D-9, results for the
GPHS-RTG and LWRHU are first reported separately and then combined. The combined result
represents a probability weighting of the separate results for the GPHS-RTG and the LWRHU.
As an example of this procedure, consider the results for the mean health effects (without de

minimis) for a VVEJGA inadvertent reentry, presented in Table D-2 as 13 health effects for the
LWRHU at a total probability of release of 8.0x107 and 140 health effects for the GPHS-RTG
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at a total probability of 6.3x10-7. The combined result is calculated as follows:
Combined (rounded): 120 = [ 13(8.0x107) + 140(6.3x10-7) ] /8.0x10-7

The results of 140 health effects for the GPHS-RTG and 13 health effects for the LWRHU cannot
be simply added. The difference in the total probabilities of 8.0x107 for the LWRHU and 6.3x10-7
GPH-RTG reflects the situation that given a VVEJGA inadvertent reentry with a probability
of 8.0x107, there is a conditional probability of 1.0 that there would be a radiological consequence
from the LWRHU and a conditional probability of (6.3x10-7/8.0x10-7) = 0.79 that there would be
a consequence from the GPHS-RTG. This difference in conditional probabilities is associated

with the larger number of LWRHUSs (157 considered in the analysis) compared to the number
of GPHS modules (54) that reenter.

This probability weighting procedure has been followed in Tables D-1 through D-6, always
normalizing to the higher of the two (GPHS-RTG or LWRHU) total release probabilities in each
case. One exception to this approach to combining results occurs when the risk values in Tables
D-7 and D-8 are combined. In this case, the risk is additive. Thus, the GPHS-RTG risk is added
to the LWRHU risk to determine the combined risk, because the probablhtles are already
imbedded in the risk values. :
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Table D-1 Summary of Accident Source Terms (Page 1 of 2)

Initiating Mean
Mission Mission Source Term Accident Conditional Total Source
Segment Phase Contribution Probabilitya Probabilityb Probability® Term, Ci
Pre-Launch 0 GPHS-RTG 6.7x10° | 7.8x10" 52x 107 468 x 10"
LWRHU@ 6.7 x 10° 1.6 x 10™ 1.1x10° 9.6x 10"
Combined 6.7x10° | 76x10" 5.1x10° 4.7 x 10"
Early Launch 1 GPHS-RTG 6.2x10° | 1.1x10" 6.7x 10" 1.76 x 10°
LWRHU@ 6.2x 107 2.9 x 107 1.8x10™ 2.12x 10
Combined 6.2x 10" 1.1x 10" 6.7x 10" 1.76 x 10°
Late Launch 38 | GPHS-RTG 2.1x 107 1.0x 10" 2.1x10° 2.61x 10°
LWRHU@ 2.1 x 107 1.9x107 3.9x10° 1.54 x 10
Combined 2.1x 1072 1.0x 10" 21x10° 2.61x10°
VVEJGA - GPHS-RTG 8.0x 107 7.9x 10" 6.3x 107 3.20 x 10*
LWRHU'® 8.0x 107 1.0 x 10° 8.0x 107 6.22 x 10°
Combined 8.0x107 1.0 x 10° 8.0x 107 2.58 x 10*
a. Initiating accident probability associated with launch-vehicle or space-vehicle related failures.
b. Conditional probability associated with accident environment sequence and fuel release conditions.
c. Product of initiating accident probability and conditional probability.
d. The LWRHU analysis used an earlier estimate of the initiating probability of Phase 0 accidents.
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Table D-1 Summary of Accident Source Terms (Page 2 of 2)

Source Term, Ci

Mission Mission Source Term Total Percentile Level
Segment Phase Contribution Probability® Mean 5-th 50-th 95-th 99-th
Pre-Launch 0 GPHS-RTG 52x10° | 468x10" | 3.20x10" | 520x10° | 259x10" | 283x10°
LWRHU 1.1x10° | 9.57x10" b b b b
Combined 52x10° | 470x10' | 320x10" | 529x10° | 2.59x 10" 2.83 x 10°
Early Launch 1 GPHS-RTG 6.7x10" | 1.76x10° | 3.47x10" | 4.86x10° | 634x10®> | 4.32x10°
LWRHU 1.8x10" | 212x10" | 1.63x10" | 245x102 | 160x10" | 5209x10°
Combined 6.7x10* | 1.76x10° | 391x10" | 4.87x10° | 634x10° | 4.32x10°
Late Launch 3-8 | GPHS-RTG 21x10° | 261x10° | 231x10" | 158x10° | 830x10° | 1.54x 10’
LWRHU 3.9x10° | 1.54x10* c c c c
Combined 21x10° | 261x10° | 231x10" | 158x10° | 830x10° | 1.54x 10"
VVEJGA - GPHS-RTG 63x107 | 320x10* | 616x10" | 1.48x10* | 1.19x10° | 1.48x10°
LWRHU 8.0x107 | 6.22x10° | 234x10° | 396x10° | 260x10° | 2.88x10°
Combined 8.0x107 | 258x10* | 234x10° | 121x10* | 963x10* | 1.19x10°
a. Product of initiating accident and conditional probabilities.
b. No statistics generated because only four source terms were identified.
c. No statistics generated because the source term is either zero or 1.54 x 10™ Ci.




Table D-2 Summary of Mean Radiological Consequences

Collective Dose, person-rem® Health Effects® Maximum Land Area
Mission Mission | Consequence /o De Minimi De Minimi /o De Minimi De Minimi Individual Contaminated,
Segment Phase Contribution wi/o De mnimis w e vitnimis w/0 be vlinimis w be Minimis DOSG, remb km2
Pre-Launch 0 GPHS-RTG 1.3x 10" 9.6 x 10 6.6 x 107 5.3x 107 1.3 x 107 1.5 x 10°
LWRHU 3.8 x 10 - 1.9x 10" - 25x10° -
Combined 2.1x10° 9.6x 10" 1.1x 10" 5.3 x 107 1.4 x 107 1.5x 10°
Early 1 GPHS-RTG 1.4 x 10° 9.6 x 10" 7.1x10° 4.8 x 107 2.1x10% 1.6 x 10°
Launch 1 2 4
LWRHU 8.4 x 10 - 42x10 - 5.6x 10 -
Combined 1.6 x 10° 9.6 x 10 8.2x 107 4.8x107 2.1x 107 1.6 x 10°
Late 3-8 | GPHS-RTG 8.8x 10" 7.9x 10" 4.4x10% 3.9x10% 1.1x10° 5.7 x 10
Launch 3 % B
LWRHU 48x10 - 2.4 x 10 - 7.7 x 10 -
Combined 8.8 x10" 7.9x 10’ 4.4 %107 3.9x 107 1.1x 10° 5.7 x 107
VVEJGA - GPHS-RTG 2.6x10° 3.7 x 10* 1.4 x 10° 2.6x10" 6.5 x 10 1.9x10"
LWRHU 2.6 x 10* 5.0x 10" 1.3x 10" 2.5x 107 2.1 x 102 1.7 x 10"
Combined 23x10° 2.9x 10* 1.2 x 10° 2.0x 10" 5.1 x 10° 1.5x 10"
Overall - GPHS-RTG 1.6 x 10° 9.2x 10" 8.2x 107 47x10" 9.7x 10" 45x10"
Mission 2 ‘ X - 4 4 4
LWRHU 2.1x10 2.1x10 1.0x 10 1.0x 10 7.6 x 10 7.1x10
Combined 1.7 x 10° 9.2 x 10" 8.9 x 1072 4.7 x 10" 9.7x 10" 45x10"
a. Collective dose and health effects reported with and without a de minimis dose level of 0.001 rem per year applied.
'; b Maximally exposed individual dose.
o




Table D-3 Summary of 5-th Percentile Radiological Consequences

ST

Collective Dose, person-rem® Health Effects” Maximum Land Area
Mission Mission | Consequence /0 De Minimi De Minimi /0 De Minimi De Minimi Individual Contamir21ated,
Segment Phase Contribution W 0 e Minimis w be vilnimis w/o De Minimis w e Mintmis DOSG, remb km
Pre-Launch 0 GPHS-RTG 6.6 x 102 - 3.3x10° - 2.5x 107 5.1x10°
LWRHU 3.3x 10" - 1.6 x 107 - 1.0x 107 -
Combined 7.0 x 10° - 3.4x10° - 2.7 x10° 5.1x10°
Early 1 GPHS-RTG 8.4x 107 - 42x10° - 43x10° 8.9x10*
Launch 0 4 5
LWRHU 16x10 - 8.1x 10 - 1.0x 10 -
Combined 5.1x 10" - 2.6x10™ - 46x10° 8.9x 10
Late 38 | GPHS-RTG 6.2x 10" 4.9x10" 3.1x10* 2.4x10™ 2.6 x 107 -
Launch
LWRHU c - c - c c
Combined 6.2x 10" 4.9x10" 3.1x 10 24x10" 26x 107 -
VVEJGA - GPHS-RTG 6.7 x 10° - 4.0x 10° - 4.4x10° -
LWRHU 8.5x 10° d 43x10° d 1.8x10° 1.3x10™"
Combined 1.4x10* - 7.4 % 10° - 3.6x10° 1.3x10™
Overall - GPHS-RTG 2.0 x 10° 3.9x 10" 1.1x10° 1.8x 10 1.9x 107 3.1 x 10™
Mission 1 2 5 4
LWRHU 3.9x10 - 2.0x10 - 1.0 x 10 5.4 x 10
Combined 46x10° 3.9x 10" 25x10° 1.8x 10 1.9x 102 35x 10"
a. Collective dose and health effects reported with and without a de minimis dose level of 0.001 rem per year applied.
b. Maximally exposed individual dose.
c. No statistics generated due to low probability of release and small source term.
d. No statistics generated due to few cases above de minimis.
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Table D-4 Summary of 50-th Percentile Radiological Consequences

9T/

Collective Dose, person-rem® Health Effects® Maximum Land Area
Mission Mission | Consequence /6 De Minimi De Minimi /0 De Minimi De Minimi Iindividual Contaminated,
Segment Phase Contribution w/0 Ue vlinimis w be Minimis w/0 e Miinimis w e vliinimis DOSG, remb ka
Pre-Launch 0 GPHS-RTG 5.6 x 10° - 2.8x10° - 5.0x 10™ 6.6 x10”
LWRHU 3.4 x 102 - 1.7 x 107 - 1.2x10™ -
Combined 7.8x 10" - 6.4 x 10> - 53x10™ 6.6 x 10"
Early 1 GPHS-RTG 1.2x 10" 5.3x 10 6.2x 107 2.6x107 1.5x10° 5.0 x 107
Launch 1 3 5
LWRHU 1.2x 10 - 5.8 x 10 - 1.8 x 10 -
Combined 15x 10" 53x 107 7.8x10° 26x107 15x10° 5.0x 10"
Late 38 | GPHS-RTG 1.6 x 10" 1.4x 10" 8.2x10° 7.3x10° 48x10" 3.0x 107
Launch
LWRHU c - c - C -
Combined 1.6x 10" 1.4x10" 8.2x10° 7.3x10° 4.8x10" 3.0x 107
VVEJGA . GPHS-RTG 1.9x10° - 1.1 x 10° - 3.0x 107 :
LWRHU 15x 10* d 7.4 x 10° d 40x10° 1.7x 10"
Combined 1.6 x 10° - 9.4 x 10" . 24x10™ 1.7x10™
Overall - GPHS-RTG 5.7 x 10" 1.0x 10" 3.2x10° 56x10° 36x10" 1.5x 10"
Mission 1 2 5 4
LWRHU 9.3x 10 - 3.7x 10 - 2.4x10 7.1x10
Combined 6.3 x 10" 1.0x 10" 3.5x 107 56x 107 3.6x10" 1.5x 10"
a. Collective dose and health effects reported with and without a de minimis dose level of 0.001 rem per year applied.
b. Maximally exposed individual dose.
c. No statistics generated due to low probability of release and small source term.
d. No statistics generated due to few cases above de minimis.
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Table D-5 Summary of 95-th Percentile Radiological Consequences

(T

Collective Dose, person-rem® Health Effects’ Maximum Land Area
Mission Mission | Consequence /o De Minimi De Minimi /o De Minimi De Minimi Individual Contaminated,
Segment Phase Contribution w/o e Minimis w e Mintmis w/0 e Miinimis w De vliinimis DOSG, remb km2
Pre-Launch 0 GPHS-RTG 1.1 x 10 6.1 x 10° 5.7 x 102 3.0x10° 5.0x10° 5.5x 10°
LWRHU 4.4 x10° . 2.2x 10" - 5.8x10° -
Combined 2.0 x 10° 6.1x 10° 1.0x 10™ 3.0x10° 6.2x 107 5.5 x 10°
Early 1 GPHS-RTG 3.4 x 10° 1.2 x 10 1.7 x10™ 6.0 x 107 57x10° 6.1 x 10°
Launch 1 2 4
LWRHU 8.8 x 10 - 4.4x10 - 8.3x 10 -
Combined 3.6 x 10° 1.2 x 10° 1.8x 10" 6.0 x 107 57x10° 6.1 x 10°
Late 38 | GPHS-RTG 4.6 x 10° 3.9 x 10 23x10" 2.0x 10" 4.1x10° 24x10"
Launch
LWRHU c - c - [ (o]
Combined 4.6 x 10° 3.9 x 10 2.3x 10" 2.0x10" 4.1x10° 24x10"
VVEJGA - GPHS-RTG 6.6 x 10° 1.8 x 10° 3.6 x 10> 1.3 x 10° 3.3x10° 4.6x10'
LWRHU 7.9 x 10 d 3.9x 10" d 6.3x107° 2.9x 10"
Combined 6.0 x 10° 1.8x10° 3.2x 102 1.3 x 10 25x10° 3.7 x 10"
Overall - GPHS-RTG 5.7 x 10° 3.6 x 10 2.9x10" 1.9x10™" 3.8x10° 1.7 x 10°
Mission 2 A 3 3
LWRHU 4.4 x10 - 2.2x10 - 1.1x 10 1.2x 10
Combined 6.0 x 10> 3.6 x 10° 3.0x 10" 1.9x10™" 3.8x10° 1.7 x 10°
a. Collective dose and health effects reported with and without a de minimis dose level of 0.001 rem per year applied.
b. Maximally exposed individual dose.
C. No statistics generated due to low probability of release and small source term.
d. No statistics generated due to few cases above de minimis.
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Table D-6 Summary of 99-th Percentile Radiological Consequences

Collective Dose, person-rem® Health Effects’ Maximum Land Area
Mission Mission | Consequence /0 De Minimi De Minimi /0 De Minimi De Minimi Individual Contaminated,
Segment Phase Contribution WwW/0 be INntMIs w e Miinimis w/0 e Minimis w be viinimis DOSG, remb km2
Pre-Launch 0 GPHS-RTG 3.6 x 10? 4.1x10" 1.8x 10" 2.1x107 1.6 x 1072 8.6 x 10°
LWRHU 8.2x10° - 4.1 x10° - 2.7 x 10° -
Combined 2.1x10° 4.1x10" 1.0 x 10° 2.1x 107 2.2x 107 8.6 x 10°
Early 1 | GPHS-RTG 2.3x10° 1.7 x10° 1.2x10° 8.3x10” 3.1x 10" 2.0x 10’
Launch 3 0 2
LWRHU 25x10 - 1.3x 10 - 9.7 x 10 .
Combined 3.0x10° 1.7 x 10° 1.5x 10° 8.3x 10 3.4x10™" 2.0x 10"
Late 38 | GPHS-RTG 1.1x10° 9.6 x 10° 55x 10" 9.3x10™" 7.1 x 10° 3.4x10™"
Launch .
LWRHU c - c - c c
Combined 1.1x10° 9.6 x 10° 55x10" 9.3x 10" 7.1 x 10° 34x10"
VVEJGA - GPHS-RTG 8.9 x 10° 3.9x10° 4.8 x 10 2.7 x 102 4.9x10° 7.0x 10"
LWRHU 1.4 x 10° d 7.0 x 10" d 2.0x 10" 2.9x10”
Combined 8.4 x 10° 3.9x10° 4.5 x 10° 2.7 x 10 3.9x10° 55x 10"
Overall - GPHS-RTG 1.6 x 10° 1.2x10° 8.0x10™ 9.5x10™" 6.4 x 10° 5.2 x 10°
Mission 3 0 2 -3
LWRHU 3.4x10 - 1.7x10 - 9.3x10 1.2x10
Combined 1.8x10° 1.2x10° 9.2x 10 9.5x 10" 6.4 x 10° 5.2 x 10°
a. Collective dose and health effects reported with and without a de minimis dose level of 0.001 rem per year applied.
b. Maximally exposed individual dose.
c. No statistics generated due to low probability of release and small source term.
d. No statistics generated due to few cases above de minimis.
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Table D-7 Summary of Mission Risks

Mission Mission Total Health Effects b Mission Risks °
N . . Y : |
Segment | Phase “C”frft'ggu?fr’: Probability” | |/ e Minimis | w De Minimis | wio De Minimis | w De Minimis
Pre-Launch 0 GPHS-RTG 5.2x 107 6.6 x 102 5.3x 102 3.4x10° 2.8x10°
LWRHU 1.1x10° 1.9x 10" . 2.1x10° -
Combined 5.2 x10° 1.1x107 5.3 x 107 55x10° 2.8x10°
Early 1 GPHS-RTG 6.7 x10™ 7.0x 102 48x10° 4.7 x 10° 3.2x10°
Launch 4 ’ 2 6
LWRHU 1.8 x 10 4.2x10 - 7.6 x 10 -
Combined 6.7 x 10 8.1 x 1072 48x107 5.5x 107 3.2x 107
Late 3-8 | GPHS-RTG 2.1x10° 4.4x107 3.9x 102 9.2x10° 8.2x10°
Launch 9 5 15
LWRHU 3.9x10 2.4x10 - 8.9x 10 -
Combined 2.1x10° 4.4 x 107 3.9 x 107 9.2x 107 8.2x 107
VVEJGA . GPHS-RTG 6.3x 107 1.4 x 10 2.6 x 10" 8.8 x 107 16x 107
LWRHU 8.0x107 1.3x10" 2.5x 107 1.0x10° 2.0x10°
Combined 8.0x 107 1.2 x 10° 2.0x 10" 9.8x 107 1.6x10°
Overall - GPHS-RTG 28x10° 8.2 x 107 47 x 107 23x10™ 13x10™
Mission 4 1 4 -5 -8
LWRHU 1.9x 10 1.0x 10 1.1x10 2.0x 10 2.0x10
Combined 2.8x10° 8.9 x 107 4.7 x 107 25x 107 1.3x10™
a. Total source term probability.
b. Health effects reported as excess cancer fatalities with and without a de minimis dose level of 0.001 rem per year applied.
C.

Risk calculated as the total probability times health effects.
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Table D-8 Summary of Average Individual Risks

Average Individual Risks®
s'\glgzlzzt I\nglsc;n Mission Risk Contribution w/o De Minimis | w De Minimis

Pre-Launch | 0 GPHS-RTG 34x10™" 2.8x10™"
LWRHU 2.1x10™" -

Combined 5.5x 107" 2.8 x 10"

Early 1 GPHS-RTG 4.7x10"° 3.2x10"°
Launch LWRHU 7.6x 107" -

Combined 5.5x 107" 3.2x107°

Late 3-8 | GPHS-RTG 1.8x10° 1.6x10°
Launch LWRHU 16x 107 -

Combined 1.8x 10 1.6x 10°

VVEJGA - GPHS-RTG 4.6x10™ 26x10™

LWRHU 40x10™" 4.0x10™®

Combined 50x10™ 2.6x10™

- a. Avefage individual risk equals mission risk contribution from Table D-7 divided by an

order of magnitude estimate of the population receiving most of the collective dose,
(Pre-Launch, Early-launch = 10° persons; Late Launch = 5x1 0 persons; VVEJGA =

5X10° persons).




oV
~

Table D-9 Summary of GPHS-RTG Uncertainty Analysis Results

Mission 5% Confidence | 50% Confidence | 95% Confidence

Segment Mean Risk Level Level Level
Pre-Launch 3.4x10° 7.6x10° 6.0 x 10° 4.2 x10™*
Early Launch | 4.7 x10° 5.1 %107 6.2x10° 7.9x 10"
Late Launch | 9.2x10° 4.1x 107 7.3x10° 1.3x 107
VVEJGA 8.8 x 10° 1.2x10° 7.5x10° 46x10°
Overall 2.3x10™ 8.3x10° 2.2x 10" 1.9x 107
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Table D-10 Summary of Information Source and Notes (Page 1 of 3)

1.  Table D-1 Summary of Accident Source Terms
GPHS-RTG  a. Pre-Launch, Early Launch (accident scenarios 1.1, 1.3, 1.10 and 1.13), Late Launch, and VEEJGA: LMM&S
1997}, Table 4, p. 19. Early launch (accident scenarios 1.2, 1.4, 1.5, 1.6, 1.7, 1.8, and 1.9): LMM&S 1997g,
Table D.3-1, p. D-16. The referenced RTG FSAR tables reported source terms in grams, which were converted to
curies (Ci) in Table D-1 using a specific activity of 12.31 Cl/g The probability of release (POR) for Early Launch
accident scenario 1.10 was changed from 2. 1x107 to 2. 1 10 to be consistent with all other relevant information in
LMM&S 1997h.
b. Results for Early and Late Launch were probability weighted using the total probability of release (POR) for each
" accident scenario form LMM&S 1997h Table 4.2-3, p. 4-13. In the latter table, the POR for accident scenario 1.1
was changed from 4. 4x10™ to 4.5x10™ (to be consistent with all other related information in LMM&S 1997h),
resulting in a change in the POR for Early Launch from 6.6x10™ to 6.7x10™.
LWRHU c. EG&G 1997, Table VII-3, p. VII-4. The referenced LWRHU FSAR table reported source terms in becquerel (Bg),
which were converted to Ci in Table D-1 by dividing the Bq by 3. 7x10° Bq/C|
d. Results for Early and Late Launch were probability weighted using the POR for each accident scenario from
EGG&G, Table 9-3, p. 9-5.
2. TableD-2 Summary of Mean Radiological Consequences
GPHS-RTG  a. LMM&S 1997h, Table 3.3-4, p. 3-15
b. Note 1.b applies.
LWRHU o EGG&G 1997h:
Collective dose (w de minimis):  Table VII-9, p. VII-11
Health effect (w/o de mininis): Table VII-10, p. ViI-12
" Maximum individual dose: Table ViI-11, p. VIil-13
Land contamination: Table ViI-12, p. VII-14
d. Note 1.d applies.
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Table D-10 Summary of Information Source and Notes (Page 2 of 3)

Table D-3 Summary of 5-th Percentile Radiological Consequences
GPHS-RTG  a. LMM&S 1997h, Table 3.3-5, p. 3-16.

b. Note 1.b above applies.
LWRHU C. Note 1.d and 2.c above apply.
Table D-4 Summary of 50-th Percentile Radiological Consequences
GPHS-RTG a. LMM&S 1997h, Table 3.3-6, p. 3-17.

b. Note 1.b above applies.
LWRHU C. Note 1.d and 2.c above apply.
Table D-5 Summary of 85-th Percentile Radiological Consequences
GPHS-RTG  a. LMM&S 1997h, Table 3.3-7, p. 3-18.

b. Note 1.b above applies.
LWRHU C. Note 1.d ahd 2.c above apply.
Table D-5 Summary of 99-th Percentile Radiological Consequences )
GPHS-RTG  a. LMM&S 1997h, Table 3.3-8, p. 3-19.

b. Note 1.b above applies.
LWRHU C. Note 1,d and 2.c above apply.
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Table D-10 Summary of Information Source and Notes (Page 3 of 3)

Table D-7 Summary of Mission Risks
a. Total probabilities: Table D-1 of this appendix
b. Health effects (w and w/o de minimis): Table D-2 of this appendix

GPHS-RTG . The mission risk values (w/o de minimis) for Late Launch (9. 2x10'5) and VVEJGA (8. 8x10'5) are calculated in Table
D-7 as the porduct of the total probability times mean health effects. LMM&S 1997 h and j report these values as
9.4x10”° and 8.6x10°° for the same total probabilities and mean health effects as presented in Table D-7.

Table D-8 Summary of Average Individual Risks
a. Mission risks from Table D-7 of this appendix
b. Note 7.c above applies.

Table D-9 Summary of Uncertainty analysis Results for GPHS-RTG
a. Note 7.c above applies.

b. 5%confidence level: LMM&S 1997h, Table 2.5-4, p. 2-35
50%confidence level: LMM&S 1997h, Table 2.5-5, p. 2-36
95%confidence level: LMM&S 1997h, Table 2.5-6, p. 2-37
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APPENDIX E
RESPONSES TO PUBLIC REVIEW COMMENTS

The US. Environmental Protection Agency (EPA) published a ' Notice of
Availability (NOA) for the Draft Supplemental Environmental Impact Statement
(DSEIS) for the Cassini mission in the Federal Register on April 11, 1997 (62 F.R. 17810).
The DSEIS was distributed by NASA, along with supporting documentation (HNUS
1997), to over 150 potentially interested Federal, State and local agencies, organizations,
and individuals. The public review and comment period closed on May 27, 1997. A total
of 16 comment letters were received; 3 from Federal agencies, 1 from an organization,

and 12 from individuals.

This appendix provides specific responses to the comments received from the
agencies, the organization, and the individuals listed in Table E-1. Copies of the
comment letters are presented in the following pages. The relevant issues in each
comment letter are marked and numbered for identification along with the National
Aeronautics and Space Administration’s (NASA) response to each issue. Where a
comment resulted in a change in the text of the SEIS, it is so noted in the response.

The comments received address a number of issues, including, but not
necessarily limited to:

the use of solar technology for the Cassini mission
the properties of plutonium (e.g. , toxicity)

the ability of the RTGs to survive reentry
emergency response plans

availability of baseline assumptions and analyses

In addition, for those commentors requesting more in-depth background
information on the analyses, NASA has forwarded a copy of the Final SEIS and a copy of
the recently available Safety Analysis Reports (SARs). The SARs provide an in-depth
discussion of the assumptions and methodologies used to develop the. consequences
reported in this SEIS. ‘
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Table E-1 Agencies and Individuals Providing Comments

Commentor Date of Organization Individual Presenting
Number Comment Comment
A 5/8/97 Department of the Air Olin C. Miller
Force
B 5/20/97 Department of the Interior James H. Lee
C 5/27/97 Environmental Protection | Richard E. Sanderson
Agency
1 4/14/97 Private Citizen Dr. MaryAnn Lawrence
2 5/23/97 Private Citizen Russell D. Hoffman
3 5/21/97 Private Citizen Gary L. Bennett
4 5/21/97 Private Citizens Anthony Ehrlich and
Harvey Baker
5 5/24/97 Private Citizen John Robert Lehman
6 5/21/97 Private Citizen Marc M. Cohen
7 5/23/97 Private Citizen Thomas W. Chao
8 5/22/97 Private Citizen Victoria Nichols
9 5/3/97 Private Citizen Dorothy Scott Smith
10 5/19/97 Private Citizen Jeanna D. Vicini
11 5/23/97 Private Citizen Margaret N. Spallone
12 4/11/97 Private Citizen Edward D. Ramsberger
13 4/29/97 Florida Southwest Peace Malcolm Chubb
Education Coalition




Commentor A: Department of the Air Force

DEPARTMENT OF THE AIR FORCE

5TH SPACE WING (APSPC)

MEMORANDUM FOR CODE SD . ,
ATTN: Mr. MARK R. DAHL
NASA HEADQUARTERS
WASHINGTON DC 20548 -0001

FROM: 45 CES/CEV
1224 Jupiter Street MS 9125
Patrick AFB FL 32925-3343

SUBJECT: WW@NMWWW
suml(EIS)MhNASA'sPrWCASSINIMbb
Launched from Caneveral Air Station :

1. The attached review comments (Atch 1) for the subject Draft Suppiemental EIS are
provided for your action. We have requested additional copies of the subject document
mmmm.mwmmwhmsmm(«s\msm
Office and Radiation Office. Therefore, you may receive additional comments at a later
date. Mmmmmmm-mmmmmah
future documents to 45 CES/CEV at the above address. Pisase retum a copy of all
comment sheats showing the action taken on each comment received.

2 mmmnm.m&nﬁswm&wmmm
mmPM(AMZ)“wNEPAWWMM(MS).
The point of contact for the National Environmental Polics Act at the 45 SW is

‘ YA

OLINC. MILLER
Chief, Environmental Flight

|

1. Review Comments
2. 45 CES/C Ltr, 28 Jan §7
3. 45 CES/CEV LY, 12 Jul 96

f

NASA/MD-MED-P94-142 wo »7<L
NASA/DE-EMO w0 =l

45 SW/XP wo atch

LBSC 5055 wo atch

Golden Legacy, Boundless Future. .. Your Nation's Air Force

/90




Commentor A: Department of the Air Force

PROJECT REVIZW CO.'Q.ﬂ.‘lTS

ucz_l__or__l_]

—X 33X |_PRCJECT WO
e PROJECT NAYETUR THE CASSINI MISSION™ 7
_PINAL T REVIEAER GINEUY CYEUYEYE S(CyATARL %‘g%___
orr sYq TITELSTCIV ™ pqqyg 4O —
1224 JupTTET ST, PRITYTek AFE,“TC-S292S33%T
[(0aG N
oR ITeN CONENTS ACTTOY
PACE %O NO cooe
na 1 This document shoud be revieved and appraved by 4Sth

Space Wing (SW) Safety and Radiationm as they have launch

approval control.

Information from the recent Delta failurs should be in-
.¢luded in your evaluation.

The claanup costs do not include cost
the aon-availsbility of the area. -

impacts dus to

ACTLON FA-Approved

C-Chack

oot | 3-Oisapproved

I Y-

|A-l

|n-

|a-3

/]




Commentor A: Department of the Air Force

Johnson Controls Workd Serwvices inc.
Launch Base Suppon Project

Cape Canaveral Air Station

Post Office Box 1228

Cape Canaveral, FL 32920-1228

JAHNSON
conTRE S o W

45 CES/CEV '
1224 Jupiter Street
Patrick AFB, FL 32925-3343

SUBIECT: CONFRACTPO“SM—CMM&W“&GMSW
Mission From Cape Canaveral Air Station (CCAS), Florida (CDRL 063A2)

REFERENCE: Written Request From Ms. Ginger Crawford 45 CES/CEV Dated 8April 1997,
Review of the Draft Supplemental Environmental Impact Statement (DSEIS)
for the Proposed Cassini Mission from Cape Canaveral Air Station
(CCAS), Florids (CDRL 063A2)

mLBSEnvhmmennloﬁcehlsmicwedﬂnDnRSnppbmamlEnvirmmqmllmm
mmsm)wummwmﬁm»uwmcmcmwauu
Station (CCAS), as requested by reference. Our reviewers find the DSEIS to be complete and
adequate with regards to addressing the potential for radiological contamination caused by a
catastrophic mission accident that results in the release of plutonium dioxide (PuO5). This
office would like to offer the following suggestions for consideration by the proponent.

1) The last sentence in section 4.1.2.2 states a probability of less than 1 in 53 million
of incurring cancer due to exposure from an accidental PuO; release. Some other A4
cancer probabilities, such as exposure to second-hand cigarette smoke, listed for
comparison, may fusther interpreting the low probability/insignificance of this
potential impact, and

2) based upon the new information recently made availabie from updated mission
safety analysis, the proponent might consider revising the Record of Decision
(ROD) included as Appendix A of the DSEIS. . .

|H 2




Commentor A: Department of the Air Force B

Questions or requests for additional information regarding the review of the subject DSEIS
should be directed to Mr. Don George, 853-6578.

Hal EGUSR~

Mark P. Chatelain .
Manager, Environmental Compliance

DG/Ib/853-6578/FAX 853-6543

Attachments: a/s

cc: Environmental Superintendent
Director, Technical Assurance
LBS 5055 (D. George)
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RESPONSES TO COMMENTS
Commentor A: Department of the Air Force

Comment Number A-1

Additional copies of the Draft Supplemental EIS were provided to the 45th Space
Wing for use by its Safety Office and Radiation Office.

Comment Number A-2

The safety analysis conducted for the Cassini mission encompasses all the
accident environments that were present during the Delta failure. Scenarios related to
launch pad accidents took into consideration the observed dispersal plumes associated
with the Delta solid rocket motor propellant fires.

Comment Number A-3

A Phase 0 and Phase 1 accident could potentially affect CCAS and its ability to
launch Department of Defense (DOD) missions. This eventuality is addressed in the
contingency planning process for the Cassini mission and in CCAS—specific
radiological protection plans. In the unlikely event of such an accident, the
contamination levels would be assessed and the appropriate cleanup response
measures initiated to restore the affected portions of CCAS to mission-capable status in
a timely fashion.

Comment Number A-4

The June 1995 Cassini EIS provided a table (Table 4-20) which is useful in
comparing Cassini mission risks with various fatality risks in the U.S.

Comment Number A-5

A Record of Decision will be issued at the completion of the NEPA process with
the Final SEIS serving as a primary input document.
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RESPONSES TO COMMENTS
Commentor A: Department of the Air Force
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Commentor B: United States Department of the Interior

United States Department of the Interior

OFFICE OF THE SECRETARY
OFFICE OF ENVIRONMENTAL POLICY AND COMPLIANC
Richard B. Russell Federal Building :

75 Spring Strest, 8.W.
Atlanta, Georgia 30303

May 20, 1997
ER-97/229%9

Mark R. Dahl

Progran Executive, Cassini

Mission and Payload Development Div.
Office of Space Science

Code SD, NASA Headquarters
Washington, DC 3330546-0001

Dear Mr. Dahl:

The Department of the Interior has reviewed the Draft Supplemental
Environmental Impact Statement (EIS) for the NASA's Cassini
Mission, as requested. We have no comments to offer.

Thank you for the opportunity to review this environmental impact
statenment. '

Sincerely,
James H. Lee
Regional Environmental Officer

- 1YL




RESPONSES TO COMMENTS
Commentor B: United States Department of the Interior

Thank you for your letter.
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Commentor C: United States Environmental Protection Agency

\ED 574
& Ve
fn UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
M g | WASHINGTON, D.C. 20460
. u.cﬁ"(‘f

COMPLIANCE ASSURANCE

Mr. Mark Dahl

Office of Space Science (Code SD)
NASA Headquarters

Washington, DC 20546-0001

Dear Mr. Dahl:

The Environmental Protection Agency (EPA) has reviewed the
National Aeronautics and Space Administration (NASA) draft
supplemental environmental impact statement (EIS) for the Cassini
Mission. This review was conducted in accordance with our
responsibilities under section 309 of the Clean Air Act and the
National Environmental Policy Act (NEPA). We have classified
this draft EIS as EC-2 (environmental concerns, insufficient
information).

EPA is concerned that the radiological dose estimates were
presented in the document without sufficient information
regarding the key underlying assumptions used toc make those
estimates. The documentation should have provided population
distribution information used to develop the radiological
collective dose and health effect information. Additional
information regarding the methods used to verify, validate or
benchmark the computer models used to perform these calculations
should be provided to the decision-maker and the public as well.

Additionally, EPA does not believe that the information
presented in the EIS sufficiently addresses the needs of
emergency response planning and activities. The consegquences
from a full range of scenarios, including the worst case source
terms for both launch and reentry scenarics, should be calculated
and included in the final supplemental EIS. The use of
statistically derived worst case scenarios downplays the level of
risk which could occur in the worst case.

Recycled/Recyciable « Printed with Vegetable Of Based inks on 100% Recycied Paper (40% Postconsumer)

E43

C-4

=A%




Commentor C: United States Environmental Protection Agency

To illustrate our concern for this issue, a set of
calculations for .releases of radioactivity from accidents during
the early launch phase of the Cassini Mission have been performed
by EPA’'s Center for Risk Modeling and Emergency Response. While
EPA recognizes that such an event has a very low likelihood of
occurring, EPA thinks it is important to consider such
occurrences for emergency response planning purposes. In
general, these equations estimate that higher doses may exist
miles downwind if the full inventory of radiocactivity were
released near the ground. In contrast, the worst case scenario
in the supplemental EIS results in lower offsite doses than EPA’'s
calculations because it is weighted by the probability of such an
occurrence. The equations and assumptions used to make these
calculations are enclosed.

Thank you for the opportunity to comment on this

supplemental EIS. If you have any questions regarding these
comments or the ratings, please contact Patricia Haman of my

staff at 202-564-7152.
Slncerely,
/Cu//& el

Richard E. Sanderson
Director.
Office of Federal Activities

Enclosure




Commentor C: United States Environmental Protection Agency

Radiological Dose In Turbulent Shear Environment, T. Marguiis, EPA

0 ya Ep(-20- y,)’] (zz,) - P~
YAI(X - Xp) 4X-X)b(2+a-P)(x-x)
_a(z;""p-o-z’z"‘ﬂ) .

b(2 + & - B (x - x)

Exp

2a (zz, Y&+ e-pn
U B(2+ @ - PY(x - 1)

X = ZB(!)dt

2 y

(1 - )
Z+a-P)

A
= az* K, = bz? K = B@x)z'

B = l-a v=

Concentration calculstions in a turbulent wind shear environment have been solved for the case of constant
" _conditions Wlieil the vertical wiiid proflle, the hotizontal diffusivity, and vertical diffusivity can be represented

by power law functions of the vertical axis z. This relationship provides the concentration versus locativa
(x,y,2) available to hypothethetical Individuals outdoors. This informstion has been combined with a source of
radioactivity, adult weighted breathing rate (2.66 10* m%s), and dose factor information (1.04 10% Sv/Bq) to
estimate the inhalation pathway contribation to dose. Formulas for the concentration X are shown above to

- obtain the concentration field from a source at ( x,, ¥,, z). I-v Is 8 modifled Besse! function of the first kind of
order -v. This was cakulated In a program fur accidental releases of plutonium-238 with a decay rate of 87.75
years to estimate doses versus distance . The release term assumed was 4360 curies at 10 meters, during neutral -

weather conditions. The 50-year dose commitments are shown below.
Distance(ml.) Dose (Remi )

R TR ' 24028
s . 1886
10 474
15 236
20 144
25 98

a=61; b=113; a=.145; P=.855; z=1; B=1.65 x*(0.667); z,=10; z=1; Q=4360
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RESPONSES TO COMMENTS
Commentor C: United States Environmental Protection Agency

Comment Number C-1

The recently available Cassini Mission Safety Analysis Reports (SARs) (LMM&S
a-; EG&G 1997) have been forwarded to the commentor. The SARs provide detailed
descriptions of the suite of atmospheric transport and diffusion models, the modeling
assumptions, and the methodology implemented for the nuclear safety analysis. This

information can be found in the Nuclear Risk Analysis Document Appendices, Volume
111, Book 2 (LMM&S e):

Appendix F: SATRAP Model Description
Appendix G: GEOTRAP Model Description
Appendix H: HIAD Model Description
Appendix I: PARDOS Model Description
Appendix J: PUFF Plume Rise Model

The population data for the KSC/CCAS region, defined by a 200 kmx200 km
grid centered between LC-40 and LC-41 at CCAS, includes information for on-site and
off-site spectator, on-site worker, and off-site residential population groups as well as
surface type data (dry land, water, swamp, and ocean) at a 1 kmx1 km resolution.
Other launch area data bases used in the risk analysis include pasture land, crop land,
citrus farms, ground cover, and land usage information. Beyond the launch area grid,
population distribution information is provided in a worldwide data base, which
provides surface type and population density distributions by surface type in 720 equal
area cells. See the RTG SAR, Volume III, Book 2, Appendices D and E (LMM&S e) for
additional information.

- Comment Number C-2

The KSC/CCAS regional and worldwide population and land use data bases
used for these analyses are also presented in the document cited in C-1 above:

'Appendix D: Site-Specific Demographic/Land Usage Data Description
Appendix E: Worldwide Demographic, Surface Type, and Meteorological Data

Comment Number C-3 . - -

Available verification of the modeling is contained in the SAR Volume III, Book 2,
Appendices F, G, Hand ], (LMM&S e).

Comment Number C-4

It should be noted, at the outset, that the EPA’s Office of Radiation and Indoor
Air is a participant in emergency planning for the Cassini mission. Radiological
contingency plans are being developed by NASA/KSC and USAF/CCAS in accordance
with the Federal Radiological Emergency Response Plan (FRERP) to address specifically

EA6 15




RESPONSES TO COMMENTS
Commentor C: United States Environmental Protection Agency

the initial response that would be required in the unlikely event of an accident affecting
the launch site. Similar plans already exist at the State and county (Brevard) levels in
Florida, and are in the process of being updated for the Cassini mission. The
NASA/USAF and State of Florida plans are also being closely coordinated with the
USDOE, which maintains its own set of emergency response instructions for
radiological accidents of many kinds, to ensure a coordinated initial response to any
accident.

In addition NASA /KSC and the DOE are coordinating closely with the State of
Florida on development of recommended protective actions that could be implemented
in the unlikely event of a release of radioactive material, both for the launch site and for
public areas. Because there is a large range of variables influencing the outcome of
potential accident situations, the range of protective actions can be similarly large.
Protective actions for the general public would be announced by the State of Florida in
consideration of the specific circumstances accompanying any accident.

Further, in coordination with other Federal agencies, all contingency plans will
be in place prior to launch of the mission. In those plans the concept of operations for
longer-term actions such as recovery of the radioactive material and facilities are also
considered. Long-term actions will depend on all the circumstances surrounding an
accident, and cannot be fully developed until all such circumstances have been taken
into account. The details of the emergency response plans are independent of the
NEPA documentation for the mission.

The objective of a probabilistic risk assessment is to determine the likelihood of
potential radiological consequences for the full range of possible pre-launch, launch,
and inadvertent EGA reentry release accidents, and to communicate the associated risks
to the decision makers and the public. The information presented in the draft SEIS and
the accompanying HNUS technical support document (HNUS-97-0010) provides
radiological consequence results for the mean and 5-th, 50-th, 95-th, and 99-th percentile
levels. These calculated source terms and radiological consequences are conditional on
the occurrence of a plutonium dioxide release accident, and the information
summarized by mission segment were developed from individual accident case
simulation results given in Appendix A of HNUS-97-0010. These source term and
radiological consequence results represent credible accident outcomes determined by
the detailed modeling, and any credible worst case scenario is implicit in these results.

Comment Number C-5

The difference between the SEIS and EPA early launch accident calculations is
unrelated to a probability weighting of the results, but rather arises from the fact that
the EPA calculations do not properly account for the particle size characteristics or
vertical distribution of the plutonium dioxide release. The hypothetical accident
scenario used in the EPA calculations involved the 99-th percentile GPHS-RTG source
term (4360 Ci) for the early launch mission segment as presented in HNUS-97-0010, and
the assumption that the total plutonium dioxide release was entirely in the form of
submicron, respirable plutonium dioxide in a puff at 10 meters. These are not credible
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early launch accident plutonium dioxide release conditions. The relevant information
on the early launch accident particle size distributions and the vertical plume -
configurations are now presented in the SAR Addendum (LMM&S g).

As noted in the response to Comment C-4, the 99-th percentile radiological
consequences presented in Table 6-5 of HNUS-97-0010 apply given the occurrence of
the accident release. The calculated collective dose value at the 99-th percentile level
was 7500 person-rem for early launch accidents, while the corresponding maximum
individual dose for this mission segment showed that the dose received by any
individual in the exposed population was no more than 2.2 rem. The probability of
exceeding this radiological consequence outcome was and is 0.01 given an early launch
plutonium dioxide release accident, and the total probability was 6.3x10- to observe
this radiological consequence outcome during the early launch mission segment. The
SAR Addendum provides updated and additional information, in the form of
complementary cumulative distribution functions, to estimate the possible radiological
consequence outcomes of early launch accidents at lower probabilities of occurrence,
but there are no credible accident outcomes that resemble the conditions of the
hypothetical scenario used in the EPA calculations. Additional information is provided
in Table D-6 of Appendix D.
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Commentor 1: MaryAnn Lawrence
vz, 1 of 2 pgs.
: 5951 S.W. 45th way
Ft. Lauderdale, Fl. 33314
April 14, 1997

Mr. Mark R. Dahl

Program Executive, Cassini

Mission and Payload Develovment Division
Office of Space Science :

Natidnal Aeronautics and Space Administration
Headquarters :

Wwashington, D,C. 20546-0001

res Cassini Mission - EIS dated 2/92, FEIS dated 6/95,
Nuclear Safety Analysis dated 4/97 and DSEIS dated

L/97

' Dear Mr. Dahl,

Thank you for the opportunity to review and comment.

The people have spoken with overwhelming comments
in FEIS, reiterating that that the public doean't want
NASA to put deadly plutonium in space, The creator
gave man a natural life system, which holds the earth
together. When the air is destroyed, man will be
destroyed and there will be no future except death for
mankind., No government or industry owns the air and has
the right to send deadly plutonium into the air, with a
potential capability to fall to earth and kill millions
of people., It 18 likely that much smaller amounts
of plutonium releases have already occurred at different
times tn the past, resulting in increased rates of lung
cancer worldwide. ’

An important questidn to ask is:s Why is NASA
taking such a big risk when there is evidence that
Cassini could be performed safely with solar power?

It has been common practice in the past for the
government to collaborate with big industry on

- environmental 1ssues, using a'good old boy' policy,

often allowing industry to set up government procedures
and rules for mutual perks and benefits. One cannot
help but wonder 'who is benefiting' by NASA insistence
on go2ing ahead with a program which could have such
damaging results., Never before, in the history of
mankind, has such a large amount of plutonium (73 1lbs),
been sent up in space,

And all this is costing the taxpayers over three(3)
billion dollars.
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Commentor 1: MaryAnn Lawrence

Pg. 2 of 2 pgs,

Could it just be that this S8o-called peaceful
mission of NASA, in combined cooperation with the
European and Italian Space Agencies, to explore
Saturn and 1its environment, is, in realityv, a frantic
race by the industrial/military complex to develop
technology for control of nuclear militarization of
Space?

I close with a short prayer I mades

Oh great creator of the Universe

Maker of the natural systems of life '
Giver of the sweet air we breathe and fresh water we
drink

Let not the little men of greed, power and money
destroy our mother earth

Turning it from heaven into a living hell .

Don't the little men know that, just as in the past,
Sooner or later, a nuclear accident will occur, and
their manipulated statistical charts will become
meaningless o

Don't the little men know that they will perish right

along with millions of others - whosge rights they have

trampled upon

ML:ml

ncerely,
BTl olgronee




RESPONSES TO COMMENTS
Commentor I: MaryAnn Lawrence

Comment No. 1-1

It is not correct, as the commentor asserts, that the Cassini mission involves a
“big” risk. The recently available Safety Analysis Reports (LMM&S a-j; EG&G 1997)
indicate that the risks are low.

The Jet Propulsion Laboratory conducted for NASA an in-depth analysis of the
available electrical power systems, including many different solar, battery, and long life
fuel cell power sources and hybrid systems to identify the most appropriate power
source for the Cassini mission (see JPL 1994, Supporting Studies Volume 2). This study
concluded that RTGs are the only technically feasible and available power source for the
mission. Subsequent to this study, JPL conducted a further assessment of the new
high-efficiency cells under development by the European Space Agency, which
reaffirmed JPL’s previous finding that solar power is not a viable option for the Cassini
mission to Saturn. For more details please refer to Section 2.1.4 of this Final
Supplemental Environmental Impact Statement (FSEIS).

Comment No. 1-2

Cassini is an international scientific mission for peaceful purposes to benefit all
humankind. It is not “nuclear militarization of space” as the commentor contends.
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Commentor 2: Russell D. Hoffman

From: Russell D. Hoffman
P.O. Box 188006
Carisbad CA 92009-0801

To:  Mark R. Dahl
Program Executive
Cassini Mission and Payload Development Division
Office of Space Science, Code SD
NASA
Washington DC 20546-0001

Ce:  Earle K. Huckins Il
g;fsuty Associate Administrator for Space Science
A .
Washington DC 20546-0001

Ce:  The White House, various other interested parties

Date: May 23rd, 1997

Re:  Final submission of 36-point commentary on NASA DSEIS for the Cassini Mission.
Dear Sir:

Enclosed please find one copy of my comments to NASA regarding the DRAFT
SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT FOR THE CASSINI
MISSION. As stated in a letter from Mr. Huckins dated May 14th, 1997, I understand that
NASAwiHbepubﬁclyaddresingtheitmsinthiseanmenmyinthcupcoming 1997 “Final”

This document replaces the version of my answer marked “draft™ and sent to you approximately
one month ago and sent to NASA Administrator Daniel Goldin and President Clinton and others
somewhat more recently. Iam sending this final version via overnight courier service to ensure
it’s receipt at your office prior to the May 27th (4:30 pm EDT) submissicn deadline.

The most significant change is an additional paragraph (¥#3) in item #8. There is also some
addiﬁmﬂcomenmwhmebegimhg.mdafewmhmmcﬁmsmmmemoﬁhe
document. -

IlookforwudtormdinghowNASAintendstoanswetthiscdmmemary. However, I must
make clear my feeling that the correct action on NASA’s part would be to throw out the entire
EIS procedures and redo the document based on better science.

In any event, thank you again for sending me the DSEIS and for your assistance in the matter of
gemggth:smhmxsyonmtothesystem. If I can be of any service please do not hesitate to
contact me. _

Si ly,
ussell D.
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Commentor 2: Russeli D. Hoffman

Sedlei 3R Ll o4rd
Wb = A YTE AR gpa

Mr. Russall D. Hoffman .
P.O. Box 188006
Carlsbad, CA 9%2009-0801

Dear Nr. Hoffman:

Thank you for your letter and printed version of your web
site dated April 26, 1997, to NASA Muinistrator Danlel s.
Coldin concerning the Cassini mission te Saturn. Your-
Raterials vere forvarded to me for a response .

We appreciate your concern in taking the time to read and
Comment on all our informational materfai. However, I would
like to emphasize that the infarmation cantained and : :
referenced in our Environmental Impact Statsmsnts, fact
sheats, and wab site are the best available, factual
information relating to risks associated with the Cassini
sission. Your 1¢ points commanting on the Casasini
Suppleasntal Environsental Ispact Statement will be
addressed in the Cassini Pina} Supplemantal Enviromsental =
Impact ‘Statement and made available to the public. -

Additionally, before launching FASA spacacraft with R1Gs,
thorough and detailed safety teats and analyses of the
consequences of potential accidents are conducted. The ,
nuclear safety analysee for a mission underge independent
evaluations by nationslly or internationally recognized '
experts. Knowledgeable representatives. froa Qther Federal. .
agencies who have special expartise i{n nuclear materials ;
also evaluate these analyses. These eviluations are
presented to and censidered dy the NASA Administrator prior
ta 8 decision to launch.

Sincerely, . . .
“7'4 = '\VA / | »
;H . -. - ‘Aéfﬂ-‘- . u‘c - - ) A : .f_-_ - . - R . . LT -

/Barle K. Muckins IIX . : .
‘Deputy Associate Administrator
for Space Science R,
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Commentor 2: Russell D. Hoffman

Laugh, Cry, Be Angry, Do Something.'..

Draft Supplemental Environmental Impact Statement
for the Cassini Mission

Analysis of NASA Procedures (Final Version)
by Russell D. Hoffman Copyright (c) 1997

First published online Saturday, April 12th, 1997

On Monday, April 6th, 1997, NASA sent me, via Certified Mail, Return Receipt Requested, a copy of the
DRAFT SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT FOR THE CASSINI

MISSION (DSEIS) and an accompanying document called NUCLEAR SAFETY ANALYSES FOR
CASSINI MISSION ENVIRONMENTAL IMPACT STATEMENT PROCESS.

These two NASA documents are not good science. They are not even science. They are nothing more
than a biased review of selected data, and very little real data is actually presented.

I found my name on the back pages of the DSEIS, along with about 80 other individuals, 30
environmental, peace, and other groups, and about 30 Federal, state, and local government organizations.
A quick look where my name appears might lead you to think (as it did some of my friends) that I
endorse this DSEIS, or that I have at least been consulted. I have not been consulted and I do not
endorse these documents!

A US EPA Notice of Availability (NOA) regarding the DSEIS was published in the Federal Register on
April 11, 1997.

On May 17th, 1997 I received a letter from Mr. Earle K. Huckins ITII, NASA Deputy Associate
Administrator for Space Science, stating that this 36-point commentary "will be addressed in the Cassini
Final Supplemental Environmental Impact Statement and made available to the public". Fat lot of good
that's going to do! NASA should be THROWING OUT the EIS and redoing it with good science based

on the work of people such as Dr. Sternglass, Dr. Gofman, Dr. Morgan, Dr. Gould, Dr. Caldicott, and
many many others. Merely answering my questions can only go so far...

After receiving the documents, I called a former director of the:Health Physics.Division of Oak Ridge
‘National Laboratories, Dr. Karl Z. Morgan. Dr. Morgan is referred to as "the father of H&alth
Physics" and stands in staunch opposition to NASA's nuclear space policies. ) :

I started to ask him about some of the claims NASA makes in the document, but he stopped me and said =

it all doesn't really matter, because "it's a serious mistake to carry out such 'research™ and that all such
calculations "are a bit absurd".

What plutonium particles can do:

5/28/97 10:01 AM
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Commentor 2: Russell D. Hoffman

Dr. Morgan explained to me that the way plutonium works is basically like this: when a particle of
plutonium lodges in the body, the localized radiation dose to the nearby living cells from one of the "fine
particles" can be 1000's of REM per year if the plutonium stays fixed in one place. If it moves around in
the body, the dose will be spread out among the cells it is in close proximity to.

At that high level of radiation, nearby cells will die, but ones a little further away will survive -- and be
irradiated, and possibly mutate into a cancerous form.

Dr. Morgan also explained that the incineration of an RTG would produce "a spectrum of sizes" and he
added "any one of them -- they could all be inhaled. I hope our government will be more cautious in using
plutonium."”

This is one of the many learned scientists whom NASA is ignoring. This is someone with the facts that
NASA would rather pretend not to know.

Next, I read the DSEIS documents.

These documents supplement the original "FINAL" ENVIRONMENTAL IMPACT STATEMENT FOR
THE CASSINI MISSION. In that original document, some of the items in these two documents are more
thoroughly discussed, but generally it is still a shallow review of the overall mission risks.

These documents are missing a lot of important information. I came up with a list of items that I think
should be considered, included, or fixed. Some are major, and I suppose some are minor. But all of them
should be considered, every single one, and none should be left unconsidered. I think many of the reasons
can stand alone as a reason not to use nuclear power in space and not to fly the Cassini mission. Taken
together, I believe NASA's position is utterly indefensible.

Cassini can be stopped any time before the FINAL 