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Introduction:  Since the early 1960s the Depart-

ment of Energy (DOE) and its predecessor agencies 
have provided radioisotope power systems (RPSs) to 
NASA as an enabling technology for deep space and 
various planetary missions [1]. They provide reliable 
power in situations where solar and/or battery power 
sources are either untenable or would place an undue 
mass burden on the mission.  The process to provide 
these power systems from a DOE laboratory to a 
NASA center, such as Kennedy Space Center (KSC), 
for launching into space is the focus of this paper.  The 
initial fueling and testing will be discussed with the 
end point of the paper being the final integration with 
the spacecraft at the launch site.  The various behind-
the-scenes aspects that enable the process to proceed 
smoothly will be touched upon as well.  In brief, the 
paper will be divided into sections on: fueling, accep-
tance testing, transportation, processing at KSC, initial 
testing with the spacecraft, final integration and ground 
support functions.  To the extent possible the regulato-
ry framework will be briefly described so that the 
reader will understand the “why” as well as the “how”.  
The following narrative is written in the context of a 
typical Pu-238 fueled RPS unit such as was used for 
the Mars Science Laboratory Rover but would also 
apply for the upcoming Advanced Stirling  Radioistope 
Generator (ASRG) [2]. 

 
Fueling: The process of fueling a RPS unit requires 

encapsulated fuel to be shipped from the Los Alamos 
National Laboratory (LANL) to the Idaho National 
Laboratory (INL).  The quantity of fuel depends on the 
number and type of RPS unit to be deployed for the 
mission.  The preparation of the fuel at LANL typical-
ly begins 3-4 years in advance of the flight date for the 
mission.  The encapsulated fuel is assembled into gen-
eral purpose heat source modules (GPHS) at the INL 
which are then subsequently used to fuel the RPS in an 
inert atmosphere fueling chamber.  The process of as-
sembling the modules and fueling the generator typi-
cally consumes 4-5 months.  This timeframe includes a 
specialized chemical reduction step that prepares the 
plutonium dioxide in an oxygen deficient state.  The 
fueling operations would be complete no later than 10-
12 months prior to launch, although they can be com-
pleted earlier.  Once the fueling is complete the RPS is 
functional and capable of producing power. 
 

Acceptance Testing:  The acceptance tests, which 
are driven by the specific NASA mission being sup-

ported, include: vibrational, mass properties, magnetic 
and thermal vacuum.  The timeframe involved in a 
complete series of tests would be the summation of the 
following: vibrational-3 weeks, mass properties-1 
week, magnetic-1 week and thermal vacuum-3 weeks.  
A total time of approximately 3 months results when 
the test sequence involves the subsequent motions to 
transition the RPS unit in between tests and periodic 
power checks at several intervals.  These durations also 
assume that all equipment, procedures and personnel 
are dedicated and that no interrelated dependencies 
exist. 
 

Transportation:  The use of the RTG type B ship-
ping container has been the standard course of action 
for all RPS units since this item has been certified for 
use in 1996.  It has the ability to be actively cooled 
while in transit from point A to point B.  It and its ded-
icated trailer system, Radioisotope Thermo-electric 
Generator Transportation System (RTGTS), have 
made a dependable and effective tool for the DOE to 
move RPS units to their endpoint for the last 15 years.  
It is necessary to ensure that the cargo is a certified 
payload for the 9904 cask.  This is done via the Certif-
icate of Compliance which is issued by DOE [3].  If it 
is not part of the current list of certified payloads it can 
be added by a thorough analysis and official review by 
DOE environmental management.  This process typi-
cally takes 18-24 months for a new payload and should 
be considered when planning to accommodate a new 
type of RPS unit.  This activity should be undertaken 
approximately 3-4 years prior to launch of a new RPS 
system.   
 

Processing at KSC:  Upon completion of the fuel-
ing and testing sequence and inclusion of the RPS unit 
as a certified payload in the 9904 cask it will be 
shipped to Kennedy Space Center.  Typical pre-launch 
arrival times vary, but 4-6 months prior to launch al-
lows for adequate processing time.  It is necessary for 
the facilities where the RPS is to be stored or handled 
to be compliant with Code of Federal Regulations nuc-
lear safety management requirements 10CFR830 [4].  
This requires among other actions that a documented 
safety analysis (DSA) be written, reviewed, approved 
by DOE and implemented by the INL.  This document 
thoroughly analyzes the safety of the nuclear material 
contained within the RPS unit by taking into consid-
eration the specific environmental conditions presnt in 
the facilities and the planned actions to be performed 
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with the RPS unit.  These actions include any move-
ments between facilities on the KSC site.  All actions 
with the RPS unit are strictly regulated by written pro-
cedures and any changes to those procedures are sub-
ject to an unreviewed safety question (USQ) evalua-
tion.  The writing of this DSA typically ensues approx-
imately 2-3 years prior to launch and should be ap-
proved approximately 8-12 months prior launch to 
allow adequate time for implementation.   

 
Another important activity that interacts with the 

DSA is the activity of a full dress rehersal that is timed 
to approximately 12-18 months prior to launch.  This 
involves all parties that will handle the RPS unit during 
its time at KSC and is frequently “shadowed” by the 
team writing the DSA so that all activities are analysed 
in the DSA.  This rehersal also allows for the interac-
tions between the various agencies, including NASA-
KSC, United Launch Alliance (ULA), Jet Propulsion 
Laboratory (JPL), Applied Physics Laboratory (APL) 
and INL, to be adequately planned for in procedures. 

 
Once the RPS unit is present at KSC it is unloaded 

from the 9904 cask and stored in a facility which has 
been set aside for that purpose.  A wellness check is a 
standard effort that is undertaken as the first order of 
business and usually takes the form of a measurement 
or series of measurements of the output power and any 
other unit specific test desired. 
 

Initial Testing with Spacecraft:  The RPS unit is 
tested with the spacecraft or rover or whatever vehicle 
it has been produced to power.  This is performed in a 
payload processing facility and can be accomplished in 
a few days.  The unit is moved from its storage facility 
to a payload processing facility and integrated with the 
item to be powered.  This ensures that all instruments 
on the item to be powered function as expected and 
that all procedures, tooling and personnel are perform-
ing as expected prior to the final integration with the 
spacecraft or rover which typically occurs when the 
rocket is fully assembled at the respective space launch 
complex at KSC.  A historical exception to this series 
of events was when the satellite bearing the RPS unit 
was launched from the space shuttle (Galileo and Uly-
sess). 
 

Ground Support:  Maintenance of the DSA so that 
all procedures are adequately reviewed and ready for 
use is an ongoing task once the RPS unit arrives at 
KSC.  Additionally, daily checks of the storage facility 
and any periodic servicing activities typically require a 
continual presence at KSC once the RPS arrives up 
through the launch.  Most important are the interac-

tions with the organization managing the mission to 
address any RPS-specific questions regarding physical 
handling, planning for the radiation exclusion zones or 
working the various transition points in procedures. 
 

Final Integration with Spacecraft:  The RPS is 
usually integrated at the space launch complex with the 
spacecraft fairing already seated on the rocket.  This is 
accomplished by transporting the RPS to that building 
and placing it on the correct level to access the hatch 
placed into the fairing for this purpose.  This process is 
accomplished typically in one or two days and the 
hatch sealed.  The DSA covers the transportation of the 
RPS to the spacecraft where the safety analysis for the 
launch then takes over the safety envelope.  This activ-
ity usually occurs 1-2 weeks prior to launch. 

 
Conclusion:  This paper described the various ac-

tivities involved with providing a radioisotope power 
system for a launch into space.  It covered the various 
activities and durations and indicated the overall scope 
of such an endeavor.  In rough terms the undertaking 
starts approximately 4 years prior to launch and ends 
approximately 1-2 weeks before launch when the unit 
is installed onto a spacecraft and the hatch is closed.  
These time intervals do not include any additional time 
involved with designing and or testing a new design of 
RPS.  The entire process is complex but well defined 
and has been executed since the 1960’s by the DOE 
and its contractors together with NASA and its con-
tractors.  Together this team provides for the use of an 
incredibly powerful enabling technology for deep 
space missions. 
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