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HEARING ON NUCLEAR POWER IN SPACE 
SUBCOMNITTEE ON ENERGY RESEARCH AND DEVELOPMENT 

COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY 

September 30, 1989 

Richland, Washington 

INTRODUCTORY TESTIMONY 

John Nolan 

President, Westinghouse Hanford Company 

Members of the Subcommittee, Ladies, Gentlemen, and Members of the Press, 

welcome to the Hanford Site. Dr. Carl Cox will be speaking to you in a few 

moments about development of nuclear power in space, both here at the Hanford 

Site and in the national programs. First, however, I would like to emphasize 

several points for your consideration. 

While enjoying considerable support from the general public, our nation's 

ability to explore space and use it for humanity's benefit has reached a 

plateau and in some areas has actually regressed. Manned activities in 

space are restricted in range and duration by the chemical and solar power 

systems currently employed and launch of future unmanned probes using isotope 

power supplies will not be possible unless the country's isotope production 

capability is reinstated. To move ahead we need reliable power sources that 

support the requirements of an expanded presence in space. We will require 

both the high power levels available only through nuclear reactors and the 

long-term reliability of lower power isotope heat sources to meet these 

needs. It's not a case of one being better than the other. It's a case 

where a unified perspective is needed to support parallel development of 

both systems. 



At the Hanford Site, we are making significant contributions to the 

development of both systems. We are attempting to secure the plutonium-238 

isotope production mission in order to ensure a continued supply and meet 

critical mission needs on a timely basis. We need program approval and 

funding that will allow us to move ahead on the necessary projects by this 

next month. While there is some plutonium-238 inventory remaining from 

production which ended in the early 1980's, it will be depleted by near-term 

mission requirements if we don't start production activities now; the joint 

NASA/European Space Agency Cassini mission to Saturn in 1996 could also be 

impacted. Similarly, the SP-100 ground test at the Hanford Site is being 

impacted by funding issues. Fiscal year 1990 budget reductions for the SP-

100 space reactor program along with uncertain outyear funding commitments 

only increase the overall program cost and continue to delay the startup 

date of the ground test at the Hanford Site. 

We at the Hanford Site strongly support the development of nuclear power for 

space applications. With our space reactor testing capability in the SP-100 

Ground Engineering System test site, our irradiation testing and plutonium-

238 production capability in the Fast Flux Test Facility and the ability to 

manufacture Radioisotope Thermoelectric Generators in the Fuels and Materials 

Examination Facility, we are becoming a key site for development of nuclear 

power for space. I can personally assure you that the Westinghouse Hanford 

Company actively supports and promotes space nuclear power from all levels 

within the company. The Westinghouse Electric Corporation also supports and 

promotes the application of nuclear power in space and encourages these 

programs. 



I'll be turning the remainder of the presentation over to Dr. Cox now. Dr. 

Carl Cox is the manager of the Westinghouse Hanford Company Projects 

Department and, in the space power area, has responsibility for both the 

programs and projects of the Space Isotope Program and the SP-100 Ground 

Engineering System test facility. I hope that we are able to provide you 

with useful information and that your visit here is productive for both of us. 



NUCLEAR POWER IN SPACE 

September 30, 1989 

Richland, Washington 

Dr. C. M. Cox 

Manager, Projects Department 
Westinghouse Hanford Company 

Thank you Mr. Nolan. Members of the Subcommittee, Ladies, Gentlemen, and 

Members of the Press, I would like to speak to you today of America's future 

in space and the national needs and priorities for the programs necessary to 

press forward in this important frontier. 

In nine days we will celebrate Columbus Day. To some extent, as we stand on 

the frontier of space, we share some of the feelings of that brave explorer. 

It is my hope that we can be as successful in gaining support for our 

endeavors as he ultimately was so many years ago. 

The needs for electrical power in space are many, and range from satellites 

orbiting the earth to deep space vehicles for exploration. They encompass 

civilian and military, manned and unmanned missions. 



Nuclear power provides the unique solution to high-power, long-duration 

requirements. It is compact and will be developed for long-term reliability 

and safety. Nuclear power consists of both isotope heat generators and 

nuclear reactors. Nuclear power in space is not a new concept. In the late 

1950's through the 1960's, the Systems for Nuclear Auxiliary Power, or SNAP, 

program developed the first concepts for both reactor and isotope systems 

for the generation of electricity in space. These early programs led to the 

launch and orbit of a fully operational demonstration reactor in 1965 and 

the deployment of many isotope power systems including the power sources for 

instrumentation left on the moon and the Radioisotope Thermoelectric 

Generators that power the Voyager 2 spacecraft, which recently returned such 

spectacular views of Neptune and its moons. To meet future space mission 

requirements, improved reactor technology needs to be developed and 

demonstrated. Higher power levels and reliability coupled with enhanced 

safety that meets the demands of todays society are needed. While current 

isotope power system designs can meet the needs of many future missions, 

supply of the plutonium-238 isotope itself has been interrupted and needs to 

be reestablished soon. 

The Westinghouse Hanford Company is becoming increasingly involved in 

furthering nuclear power in space in both of these areas. For some time 

now, we have been deeply involved in the development of a 100-kilowatt 

electric reactor for space. This national program, called SP-100, is funded 

jointly by the National Aeronautics and Spac« Administration, the Department 

of Energy, and the Department of Defense, specifically the Strategic Defense 

Initiative Office. The program was initiated in 1983 and is targeted for 

the development of a compact nuclear reactor capable of producing electrical 

power in the range of 10 to 1000 kilowatt electric. This is a national 

program with contributions by the Jet Propulsion Laboratory, Los Alamos 



National Laboratory, Oak Ridge National Laboratory, the General Electric 

Company, Westinghouse Hanford Company, and a number of industrial suppliers. 

The current mission of the program is to develop technology to support 

construction of a flight prototype in the mid-1990's. 

We have also been involved in the irradiation testing of fuels and materials 

in the Fast Flux Test Facility for the development of the SP-100 and other 

advanced space reactor designs. These tests have also combined the efforts 

of the national laboratories and industrial suppliers. 

In isotope power, Westinghouse Hanford has examined the use of the Fast Flux 

Test Facility as the United States supplier of plutonium-238 for future 

isotope power generators to be used in space. Coupled with isotope 

production in the Fast Flux Test Facility would be the use of an existing 

fuels and materials laboratory to process the plutonium-238 into product 

forms and assemble the radioisotope thermoelectric generators for space 

vehicles. 

I would like to tell you some details about both of these programs. 

Our role in the SP-100 program has been to prepare an existing Hanford Site 

reactor facility to accommodate the new space reactor for ground testing in 

a simulated space environment. We were selected as the preferred site to 

conduct the test program in November 1985. Since that time we have completed 

environmental and safety review documents showing that subsequent operation 

will be safe and environmentally acceptable. Within the last week this 

analysis has been accepted by the Department of Energy and official site 

selection has now been completed. We have removed unusable equipment from the 

facility, and have assembled an array of usable components from other 



programs to minimize the cost of facility modifications. We have also 

proceeded well into the design and safety analysis activities and have 

initiated several lead procurements. 

Unfortunately, in recent years the SP-100 program has experienced 

inconsistent funding support from the three agencies funding the program, 

which has resulted in stretchouts in the schedule and escalation in the 

costs. The current fiscal year 1990 budget shows another funding reduction. 

The impact of this is still being evaluated but is expected to result in an 

additional delay in the start of reactor testing most recently scheduled for 

January 1994. Moreover, up to 50 engineering, scientific, and clerical 

personnel at General Electric, Westinghouse Hanford, and other laboratories, 

may be affected by this reduction. The SP-100 team members are focusing their 

efforts to efficiently use the available resources so as to minimize schedule 

del ay. 

We are particularly proud of the irradiation testing program being conducted 

to supply the fuels and material irradiation data for reactor components. 

These tests support the national space reactor programs including the SP-100 

reactor and the development of direct electrical conversion thermionic fuel 

elements for advanced reactors. Not only have these tests provided data 

that eliminate lifetime and performance concerns; they also provide a 

conclusive demonstration that the national laboratories and industrial 

participants are effectively cooperating to solve the engineering challenges 

of space nuclear power. As you are aware, the best resources of Los Alamos, 

Oak Ridge, Idaho National Engineering Laboratory, Hanford Site, and industry 

are involved in preparing the specimens for the tests and analyzing the data. 



Our irradiation testing results show that the selection of a sound fuel and 

material system" for further development for space reactors has every 

expectation of success. These achievements are the basis of our plans to 

continue and expand our role in space power fuels and materials testing with 

the Fast Flux Test Facility as the center of our national testing capability. 

Now, turning to the plutonium-238 space power missions, Westinghouse Hanford 

is pursuing programs in three integrated areas that will result in a complete 

capability from isotope production to final assembly of the power system and 

shipment of the assembled system to the user site. The three integrated 

program areas are (1) plutonium-238 production in the Fast Flux Test Facility 

and its chemical processing in the adjacent Fuels and Materials Examination 

Facility, (2) fabrication of the plutonium-238 oxide into iridium-clad pellets 

that form the basic heat source, and (3) assembly of the Radioisotope 

Thermoelectric Generators for flight missions. 

Plutonium-238 isotope production, the first integrated area mentioned, is a 

key role in the future of the Hanford Site and supports continued operation 

of one of the nation's most important technical achievements, the Fast Flux 

Test Facility. The production mission consists of the fabrication of 

neptunium-237 targets, irradiating the targets in the Fast Flux Test Facility 

where plutonium-238 is formed, chemical separation of the plutonium and 

neptunium in a processing facility in the Fuels and Materials Examination 

Facility, and preparation of plutonium oxide powder. The timing for approval 

of this program is critical. If we are able to begin preparations this 

October, we will be able to deliver plutonium-238 oxide powder in March of 

1994 - in time to make heat sources and install them in the power systems 

for the Cassini spacecraft scheduled for launch in April of 1996. 



While this program has not yet been approved, Westinghouse Hanford has 

aggressively pursued it and in a little over one year has moved the proposal 

from an idea to the "front runner" among options to produce plutonium-238. 

A key factor in this advancement is the operational excellence demonstrated 

at the Fast Flux Test Facility. During a recent visit to the Hanford Site, 

this excellence prompted Admiral Watkins to remark about the Fast Flux Test 

Facility, "The machine runs so well because of the culture." We completed 

a crucial experiment in the Fast Flux Test Facility in record time and 

subjected the entire process to peer review to satisfactorily resolve 

production rate and product purity questions. 

The second space isotope program area consists of fabrication of the clad 

heat sources. To date, we have completed conceptual design of the 

modifications to the Fuels and Materials Examination Facility needed to 

perform the operations. Through successful teaming, the previous experience 

in similar heat source fabrication operations at the Savannah River Site and 

Los Alamos National Laboratory were incorporated into this design. This 

conceptual design is being evaluated by the Department of Energy and a 

decision to proceed is also imminent. 

A decision on the selection of the site for future plutonium-238 and heat 

source production is expected very shortly and we are very hopeful that 

Hanford Site will be selected. If that is the case, your support in obtain 

the necessary funding to move the project along at a pace to meet plutonium-

238 delivery requirements will be needed. 

The third area involves modifications to the Fuels and Materials Examination 

Facility for assembling radioisotope generators. The conceptual design was 

completed last year. Department of Energy approval was obtained, and 



definitive design was initiated. Technology transfer from Mound Labs where 

this work was previously done has been very successful. This capability 

will be available in 1992 to support the CRAF, or Comet Rendezvous/Asteroid 

Flyby, mission scheduled for launch in 1995. 

The Westinghouse Hanford Company stands ready to continue our participation 

in both the space reactor and space isotope programs, and to fully support 

the needs of our nation in the exploration of space with our capabilities 

and facilities. With our space reactor testing capability in the SP-100 

Ground Engineering System test site, our irradiation testing and plutonium-

238 production capability in the Fast Flux Test Facility, and the ability to 

manufacture Radioisotope Thermoelectric Generators in the Fuels and Materials 

Engineering Facility, we are becoming the key site for development of nuclear 

power for space. In the process, we are creating a new and positive image 

for the Hanford Site. 

We hope that Congress will join us in our commitment. Thank you for your 

attention. 
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Plutonium-238 Production Brings Long-Term 
Space Mission To Hanford 

The U.S. Department of Energy (DOE) is considering the use of Hanford's 

Fast Flux Test Facility (FFTF) to produce plutonium-238, a heat source for 

thermoelectric power generators that provide electric power for satellites and 

other spacecraft. 

Satellites orbiting earth rely on solar energy, but the formidable distances of 

deep space missions make solar panels impractical. The thermal generators 

called radioisotopic thermoelectric generators (RTGs) - are an effective 

solution. The generators will be fabricated at Hanford's Fuels and Materials 

Examination Facility (FMEF), adjacent to the FFTF. The two-foot long 

generators are composed of layers of general purpose heat source modules 

which contain plutonium-238 pellets. 

Plutonium-238 is a radioactive isotope that gives off heat as it undergoes a 

process known as decay. It is this heat that the generators convert to 

electrical energy. Plutonium-238 decays slowly enough to provide a relatively 

constant power output during the 10 to 20 year lifetime of the spacecraft. 

Radioisotopic thermoelectric generators work on different principles than 

nuclear reactors. The radioactive decay process, as compared to nuclear 

fission in nuclear reactors, is a natural process that does not require any 

control system. They are truly a passive device with no moving parts and can 

be considered "thermal batteries". 

A typical deep space probe, such as NASA's Ulysses, will use a generator 

made up of 18 heat source modules, which will generate 280 watts of 

electricity. Ulysses will be launched to explore the sun. A similar spacecraft, 

Galileo, will explore Jupiter and its moons. 



Both Voyager-1 and Voyager-2 spacecraft used radioisotopic generators. 

Launched in 1977, the spacecraft sent back a wealth of data and photos of 

Jupiter and Saturn. Voyager-2 is still transmitting data from the outer limits of 

our solar system, including its recent rendezvous with Neptune in August. 

The generators can also be used by the Department of Defense as electrical 

generating sources for missions in remote locations on earth. 

The Nations "Space Power Center" 

Plutonium-238 has primarily been produced at the DOE's Savannah River 

Plant. But with Savannah River focusing solely on meeting the nation's tritium 

needs for defense, the FFTF has been identified as a desirable alternative 

producer. Fabrication and assembly of the radioisotopic thermoelectric 

generators is now done at the DOE's Mound, Ohio facility, but this wort̂  is also 

being relocated to Hanford's FMEF. 

With the FFTF-FMEF complex producing both plutonium-238 and the 

generators, Hanford will become a "space power center" for the nation. 

Schedule 

1989 " Demonstration experiment in the FFTF to fine-tune the production 

process and enhance the target assembly design. 

1990 - 1993 ~ Design & Installation of equipment in FMEF to produce 

Radioisotope Thermoelectric Generators including: 

• Chemical separations process to recover Pu-238 from irradiated targets 

• Ceramic process to pelletize & encapsulate Pu-238 oxide powder 

• Assembly process to produce General Purpose Heat Sources & 

Radioisotope Thermoelectric Generators 



Mid-1991 ~ Neptunium targets loaded in the FFTF. Irradiation to produce 

Pu-238 begins. 

Employment 

The new mission will add about 200 positions to the FFTF/FMEF staff, bringing 

the total work force to about 1,100. It will also boost site support positions by 

about 200, for a total of 400 additional jobs. 

Construction work at the FMEF will mean 300 to 350 additional positions at 

the project's peak. 

Cost 

Design and construction ~ approximately $120 million. 

Annual operation - $125 to $130 million, including FFTF operation. 

Production Process 

The targets will be made from the isotope neptunium-237. Neptunium-237 is 

a byproduct of spent reactor fuel processing. Savannah River will provide the 

required neptunium. 

Each target assembly will be a bundle of stainless steel tubes containing 

neptunium oxide pellets. These tubes will be packed into a hexagonal duct, 

which is inserted into the perimeter of the reactor core. Between 20 and 24 

target assemblies will be simultaneously exposed to neutron radiation in the 

outer portions of the core. The neptunium slowly absorbs neutrons and is 

converted to plutonium-238. After two years of irradiation, the targets will be 

removed and chemically processed to extract the plutonium-238. The 

remaining neptunium will be recycled into fresh targets. 



Each year, about 15 kilograms of plutonium-238 will be produced. This yearly 

amount will be enough to meet projected needs for the next decade. 

Future Missions For FFTF 

This new mission ensures that the Fast Flux Test Facility will continue to be 

the nation's premier iradiation test reactor. It is the lead facility for developing 

nuclear fuels and materials technology, including advanced reactors, fusion, 

and space power systems. The plutonium-238 mission does not impact the 

FFTF's ongoing test missions, but rather increases use of the reactor core, 

spreading the cost of operating the reactor over several programs. 

With this major new mission, the FFTF is likely to take part in many other 

missions, such as: 

G Developing an advanced concept for nuclear waste disposal. 

• A power addition to the FFTF as a utility-owned facility to generate electric 

power. 

G Expanded international programs to conduct major irradiation tests for 

European countries and Japan. 

Q A steam generator test station in cooperation with Japan. 

Q An expanded role as an irradiation test facility for domestic programs. 

09229A 



What is Pu-238? 
• Heat generating thermal isotope of plutonium 

• Used to generate small amounts (about one kilowatt) of electric power 
for deep space NASA satellites 

• Essential to some non-weapons DOD applications 

• Not a weapons material as is Pu-239, another isotope of plutonium 

How Is Pu-238 Used in Space? 
• Pu-238 oxide powder is hot pressed into ceramic pellets and clad In 

irridium metal to make a Pu-238 fueled clad 

Fueled clads are assembled In a graphite assembly called a General 
Purpose Heat Source (GPHS) 

• General Purposed Heat Sources are assembled into Radioisotope 
Thermal Electric Generators (RTGs) 

• Radioisotope Thermal Electric Generators are the thermal batteries that 
provide electricity to instrumentation on NASA deep space probes, such 
as Galileo, CRAF and Cassini, and also for terrestrial applications 

38909121.2 
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General Purpose Heat Sources/ 
Radioisotope Thermoelectric 
Generator Facts 

• Fueled Clad 
- 151 grams PUO2 (132 Pu) (112 Pu-238) 
- Approximately 1.0 inch x 1.0 inch 
- 62.5 watts thermal 

• General Purpose Heat Source 
- 4 fueled clads 
- 250 watts thermal 

• Radioisotope Thermoelectric Generator 
- For Galileo approximately 4000 watts thermal 
- 6% efficiency 
- Approximately 240 watts electric 
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Hanford's Role in Near Term 
NASA Missions 

• Comet Rendezvous / Asteroid Flyby (CRAF) 
- Launch date April 1995 
- Close range flyby of Key Asteroids October 1997 
- Rendezvous with comet and launch of instrumented 

probe into Comet Nucleus June 2002 

• Cassini 
- Joint NASA/European mission to be launched 

April 1996 
- Study Saturn and its Moons 
- Launch probe to the Moon Titan January 2003 

• Hanford's Contribution: 
- Build Heat Sources and Radioisotope Thermo

electric Generators for both missions 
38909121.4 
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THE CRAF MISSION 

MISSION DESCRIPTION AND SIGNIFICANCE 

THE COMET RENDEZVOUS ASTEROID FLYBY (CRAF) MISSION WILL SEND A SPACECRAFT TO 
STUDY A MAIN BELT ASTEROID AND A PERIODIC COMET. 

THE CRAF MISSION WILL OBTAIN NEW INFORMATION ABOUT THE EVOLUTION OF THE 
SOLAR SYSTEM AND WILL PROVIDE AN OPPORTUNITY TO EXPLORE TWO OF THE SOLAR 
SYSTEM'S PRIMITIVE BODIES, AN ASTEROID AND A COMET. 

WHILE OTHER SPACECRAFT HAVE OBSERVED COMETS, CRAF WILL BE THE FIRST MISSION 
TO DEPLOY AN INSTRUMENTED PENETRATOR PROBE INTO A COMET. 

PRIMARY OBJECTIVES 

STUDY THE SURFACE COMPOSITION AND STRUCTURE OF THE SELECTED ASTEROID 

RENDEZVOUS WITH THE SELECTED PERIODIC COMET 

0 SAMPLE AND ANALYZE THE COMET'S CORE MATERIAL 

0 MAP THE COMET'S ENTIRE SURFACE AT CLOSE RANGE 

0 OBSERVE THE COMET'S ACTIVITY AS IT NEARS THE SUN 

0 SAMPLE AND ANALYZE DUST GRAINS FROM THE COMET'S TAIL 

SPACECRAFT DESCRIPTION 

FIRST MISSION TO EMPLOY THE NEW MARINER MARK-II SPACECRAFT WHICH HAS A 
MODULAR DESIGN TO FACILITATE A VARIETY OF MISSIONS BEYOND MARS 

0 LESS EXPENSIVE AND COMPLEX THAN GALILEO MISSION SPACECRAFT 

0 URGE COMMUNICATION DISH 

0 LONG FRONT MOUNTED INSTRUMENT BOOM 

0 SHORTER SIDE MOUNTED INSTRUMENT BOOMS 

0 INCLUDES A COMBINATION OF STANDARD MODULAR INSTRUMENTS AND 
DEDICATED SCIENTIFIC INSTRUMENT PACKAGES 

0 REAR MOUNTED DUAL RADIOISOTOPE THERMOELECTRIC GENERATORS (RTGs) 

INCLUDES A UNIQUE COMET PENETRATION PROBE 

0 DESIGNED TO STRIKE THE COMET AT 90 MPH AND LODGE IN THE COMET'S 
ICE, GIVEN A LARGE RANGE OF ICE HARDNESS AND DENSITY 

0 WILL DIRECTLY SAMPLE AND ANALYZE THE COMET'S CORE MATERIAL 



Cont. 
THE CRAF MISSION 

MISSION OVERVIEW AND SCHEDULE 

LAUNCH VIA TITAN IV ROCKET 

INJECTION INTO ORBIT TOWARD OUTER SOLAR SYSTEM VIA A COMBINATION OF 
THRUST AND GRAVITY ASSIST MANEUVERS 

APPROACH THE SELECTED ASTEROID TO WITHIN 10,000 KILOMETERS AND CONDUCT 
VISUAL AND INFRARED IMAGING INVESTIGATIONS OF ITS SURFACE COMPOSITION 
AND STRUCTURE 

RENDEZVOUS WITH THE SELECTED COMET AS IT APPROACHES THE INNER SOLAR 
SYSTEM (AT LEAST 1000 DAYS BEFORE COMET'S CLOSEST APPROACH TO SUN) 

0 OBSERVE COMET FROM A DISTANCE OF ABOUT 50 KILOMETERS WITH A 
VARIETY OF INSTRUMENTS FOR ABOUT 1 YEAR BEFORE IT IS AFFECTED BY 
THE SUN 

0 DEPLOY A PENETRATION PROBE INTO THE NUCLEUS OF THE COMET 

0 PROBE TRANSMITS CHEMICAL AND PHYSICAL PROPERTIES DATA TO 
SPACECRAFT FOR ABOUT 1 WEEK 

0 MOVE AROUND AND ABOUT THE COMET AND THROUGH ITS INCREASINGLY 
ACTIVE TAIL OVER THE NEXT 15 MONTHS TO MAP ITS ENTIRE SURFACE, 
COLLECT DUST GRAINS FROM ITS TAIL, AND OBSERVE ITS SURFACE 
ACTIVITY AS IT NEARS THE SUN 

0 CONTINUE ALONGSIDE THE COMET FOR SEVERAL MONTHS COLLECTING 
ADDITIONAL DATA AS IT LEAVES THE INNER SOLAR SYSTEM 



Comet Rendezvous/Asteroid Fly-by (CRAF) Orbit 
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THE CASSINI MISSION 

MISSION DESCRIPTION AND SIGNIFICANCE 

NAMED AFTER THE ASTRONOMER GIOVANNI CASSINI, WHO DISCOVERED SEVERAL OF 
SATURN'S MOONS AND THE GAP IN SATURN'S RINGS, CASSINI IS A JOINT MISSION BY 
NASA AND THE EUROPEAN SPACE ADMINSTRATION (ESA) TO SEND A SPACECRAFT TO 
STUDY SATURN AND ITS MOONS, PARTICULARLY THE LARGEST MOON, TITAN. 

"TITAN IS AN ESPECIALLY INTERESTING TARGET FOR EXPLORATION BECAUSE THE 
ORGANIC CHEMISTRY NOW TAKING PUCE THERE PROVIDES THE ONLY PLANETARY-SCALE 
LABORATORY FOR STUDYING PROCESSES THAT MAY HAVE BEEN IMPORTANT IN THE 
PREBIOTIC TERRESTRIAL ATMOSPHERE."-SALLY K. RIDE 

PRIMARY OBJECTIVES 

INVESTIGATE SATURN, ITS 16 MOONS (INCLUDING TITAN), ITS RING SYSTEM, 
AND ITS MAGNETOSPHERE VIA AN ORBITAL SPACECRAFT 

DEPLOY A DESCENT PROBE TO INVESTIGATE TITAN'S ATMOSPHERE AND ITS 
SURFACE, WHICH MAY BE HARD OR SOFT, ROUGH OR SMOOTH, OR EVEN LIQUID 

SPACECRAFT DESCRIPTION 

SECOND MISSION TO EMPLOY THE NEW MARINER MARK-II SPACECRAFT WHICH HAS A 
MODULAR DESIGN TO FACILITATE A VARIETY OF MISSIONS BEYOND MARS 

0 LESS EXPENSIVE AND COMPLEX THAN GALILEO MISSION SPACECRAFT 

0 LARGE COMMUNICATION DISH 

0 LONG FRONT MOUNTED INSTRUMENT BOOM 

0 SHORTER SIDE MOUNTED INSTRUMENT BOOMS 

0 INCLUDES A COMBINATION OF STANDARD MODULAR INSTRUMENTS AND 
DEDICATED SCIENTIFIC INSTRUMENT PACKAGES 

0 REAR MOUNTED DUAL RADIOISOTOPE THERMOELECTRIC GENERATORS (RTGs) 

DETAIL DESIGN OF THE ATMOSPHERIC DESCENT PROBE HAS NOT BEEN COMPLETED 
AVAILABLE INFORMATION INDICATES THE FOLLOWING: 

0 PROVIDED BY THE ESA AND NAMED AFTER THE ASTRONOMER CHRISTIAAN 
HUYGENS, WHO DISCOVERED TITAN AND SATURN'S RINGS 

0 HEAT SHIELD PROTECTED CONCEPT WITH PARACHUTE SIMILAR TO THE 
GALILEO DESCENT PROBE 

0 CARRIES INSTRUMENTS TO STUDY TITAN'S ATMOSPHERE AND ITS SURFACE, 
INCLUDING INSTRUMENTS TO EVALUATE THE SURFACE BASED ON FORCE OF 
IMPACT AND A CAMERA TO "TRANSMIT PICTURES OF THE SURFACE 



Cont. 
THE CASSINI MISSION 

MISSION OVERVIEW AND SCHEDULE 

LAUNCH VIA TITAN/CENTAUR ROCKET (APRIL 1996) 

PERFORM A SERIES OF GRAVITY ASSIST FLYBY MANEUVERS AROUND VENUS AND/OR 
OTHER INNER PLANETS SIMILAR TO THOSE DESIGNED FOR THE GALILEO MISSION 

POSSIBLE RENDEZVOUS WITH AN ASTEROID ENROUTE TO SATURN 

ESTABLISH ORBIT AROUND SATURN (OCTOBER 2002) 

DEPLOY TITAN PROBE (JANUARY 2003) 

HEAT SHIELD PROTECTS TITAN PROBE DURING FIRST FEW MINUTES OF ENTRY 
PRIOR TO DEPLOYMENT OF PARACHUTE 

RECEIVE ATMOSPHERIC DATA FROM TITAN PROBE FOR 3 HOURS AS IT SLOWLY 
DESCENDS THROUGH TITAN'S THICK ATMOSPHERE 

RECEIVE DATA AND POSSIBLE PICTURES OF TITAN'S SURFACE DURING THE FEW 
INSTANTS PRIOR TO AND DURING PROBE'S 5 METER/SEC IMPACT WITH TITAN'S 
SURFACE 

CONTINUE TO RECEIVE DATA REGARDING TITAN'S SURFACE FROM THE PROBE IF 
THE 5 METER SECOND DESCENT RATE ALLOWS THE PROBE TO SURVIVE IMPACT 

REMAIN IN ORBIT AROUND SATURN FOR UP TO FOUR YEARS PERFORMING FLYBYS OF 
SATURN'S 16 MOONS, STUDYING ITS RING SYSTEM, AND INVESTIGATING ITS 
MAGNETOSPHERE 



ini Orbit 

Launch 
Apr 1996 

Eartli Flyby 
June 1998 

Saturn Arrival 
Oct 2002 

Maneuver 
Feb 1997 

Jupiter Flyby 
Feb 2000 
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What is the Need for New Pu-238? 
• Steady-state need is 15-20 kg per year, 1995 through 2010 

• Essential to deep space NASA missions 
- Currently used by Voyager, and the soon-to-be-launched Galileo 

and Ulysses satellites 
- New Pu-238 electric generators needed for: 

- Comet Rendezvous, Asteroid Fly-by (CRAF) mission 
- Mars Rover mission 
- Cassini mission 
- Numerous other NASA missions through 2010 

• Essential to high priority on-going DOD applications 

• Current Pu-238 reserves will be depleted by the early 1990's 

Current Pu-238 Production Status? 
• Pu-238 currently In use was produced at Savannah River (SRP) 

through 1982 

• SRP Pu-238 production, processing and target fabrication facilities 
are not currently operational 

38909121.5 



Pu-238 Isotope Requirements 
Nuclear Weapons Council Preliminary Assessment 

Probable User Requirements 
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Why Produce Pu-238 at Hanford? 

• FFTF is DOE'S newest reactor and its only 
reactor subjected to NRC licensing review 

• FMEF is the nation's most modern nuclear 
material handling facility meeting all current 
safety, environmental and security criteria 

• FFTF/FMEF complex is capable of meeting 
firm requirements for Pu-238 production 

• Pu-238 production is compatible with existing 
FFTF/FMEF missions 

38909121.6 
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FFTF Provides Low Risk Option for Production of Pu-238 

• DOE'S newest reactor 
- Reactor startup In 1982 
- Reviewed by Nuclear Regulatory Commission 

• The Fast Flux Test Facility reactor has demonstrated excellence in operation 
- High capacity factors (78% in 1988) 
- No outstanding operational issues 

• Pu-238 production is compatibie with current irradiation test missions 

FMEF was Constructed to Current Safety, Environmental 
and 
Security Criteria for Nuclear Material Handling Facilities 

• Meets all requirements of DOE 6430.1 A 
- Tornado hardened/seismicaily qualified 
- Has necessary safety equipment redundancy 
- Monitors all effluents and lab radiation levels 

• Meets all federal and state environmental requirements 
- Documentation for the original facility missions are in place 
- National environmental policy act actions for new missions are underway 
- State permitting actions initiated 

• Security system meets current DOE 5632.1 A requirements 
- intergral to the facility as constructed 

38909121.7 



Pu-238 Production at Hanford Will 
Incorporate Contemporary Approach 
to Nuclear Waste 

• All effluent streams will meet current regulatory 
requirements 
- All gas streams meet federal, state, and local 

clean air requirements 
- All liquid streams are volume reduced and 

converted to stable solid forms 
- All solid wastes are processed for long term 

storage or disposal 

• Process design places major emphasis on effluent 
minimization 

38909121.8 



Pu-238 Production Wastes 

Waste Source 

High Heat Liquid 

Low Heat 
Liquid Waste 

Low Level 
Liquid Waste 

Solid Waste 

stabilization 
Process 

Vitrification at Hanford 
Waste Vitrification Facility 

Cemented in Drums 
for Disposal 

Cemented in Drums 
for Disposal 

Packaged in Drums 
for storage or Disposal 

Nominal Annual 
Volume 

12 Cubic Feet 
Encapsulated 
Glass 

50 Drums 

15 Drums 

5 Drums 



Pu-238 Process at Hanford 

Pu-238 Oxide 
Production 

Established Capability/ || || 
Approved Project ' ' 

Future Capability o 

Neptunium Feed 

Target Fabrication 

Facility 

Pi^238 
Oxide 

Conversion 

T 
Fueled Clad 
Fabrication 

l 
Radioisotope 

Thermoelectric 
Generator 
Fabrication 

Fiiels & Materials 
Examination F^ility 

Fast Rux 
Test Facility 

Fuels & Materials 
Examination facility 

Fuels & Materials 
Examination Facility 

Fuels & Materials 
Examination Facility 

Fuels & Mat«-ials 
Examination Facility 
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Production of Pu-238 at Hanford 
6-01-89 

38905133.18 

- - - - Critical Path 
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What has Hanford Accomplished? 

• Pu-238 production feasibility has been evaluated 
- Hanford can support firm commitments for Pu-238 
- Production costs are reasonable 
- No significant safety or environmental concerns 
- Compliments current Fast Flux Test Facility 

missions 

• Pu-238 support facility conceptual designs completed 
- Pu-238 processing facilities 
- Fast Flux Test Facility target designs 

• FFTF Pu-238 production capability evaluated 
- Confirms FFTF*s capability to make quality Pu-238 

• Current Status 
- Hanford is ready to proceed with facility 

modifications to produce Pu-238 
38909121.10 



What are the Advantages of Pu-238 
Consolidation at Hanford? 

• Optimizes productivity 
- Single site operation permits cross utilization of 

staff and equipment 

• Reduces environmental concerns 
- Consolidates Pu-238 infrastructure including 

training, QA, safety evaluation, operational methods 
- Brings total process within full environmental 

compliance 
- Minimizes radionuclide shipments 

• Fully modernizes Pu-238 production 
- Facilities meet current new facility safety 

requirements 
- Nuclear wastes minimized and completely 

dispositioned within current requirements 
38909121.11 



What Support Does Hanford Require 
for Pu-238 Production? 

Delay in support would cause a Pu-238 short-fall for 
projected DOE commitments 

Funding for Pu-238 production at Hanford is not in the 
current FY-90 congressional budget 

Funding Requirements ($M) 

• Pu-238 Production 

• Fueled Clad Production 

• Radioisotope Thermoelectric 
Generator Production 

• FFTF Operation 

FY-90 FY-91 FY-92 FY-93 

31.1 40.1 

11.8 

16.0 

100.4 

6.4 

24.5 

104.9 

25.3 14.1 

6.7 

12.9 

84.0 

6.5 

13.6 

84.0 

Currently unfunded requirements 
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SP-100 
Potential 
Missions 
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SP-100 Space Reactor Ground Test 

Background 

SP-100 is a nuclear-powered electrical generating system being developed for 
use in space following extensive ground testing at Hanford. The SP-100 space 
reactor system is being developed to meet the large electric power 
requirements of civilian and military space missions planned for the 1990's and 
beyond. 

Past U.S. space missions have used batteries, fuel cells, solar cells or nuclear 
isotope power sources. These power systems have met the needs of the space 
program to date and will continue to do so as long as the power requirements 
remain low. However, fuller exploration and use of space is limited by the 
amount of available electrical power. 

SP-100 will convert heat generated within a compact nuclear reactor into 
electricity. The 2.5 megawatt reactor core is about one cubic foot - the size of a 
5-gallon can. While the first system is designed at 100 kilowatts of electrical 
power, SP-100 technology will meet space power requirements ranging from 
10 to 1,000 kilowatts. 

A SP-100 prototype is now being designed. Technical development is being 
done in support of the design at a number of national laboratories. The Fast 
Flux Test Facility at Hanford is being used to test fuels and materials for the 
reactor. The prototypic reactor itself will be tested at Hanford in a space 
environment simulation. The reactor test will be conducted in an existing 
reactor containment dome at the Hanford Site. Besides the reactor, other 
critical system components will be tested separately using a non-nuclear heat 
source at General Electric in Valley Forge, PA. 

SP-100 Safety 

An important safety feature of SP-100 is that it contains no radioactive fission 
products when launched and will remain inactive until reaching orbit. Other 



features keep the reactor from operating even if an accident occurs during 
launch. Once its mission is complete, the reactor will automatically shut down. 

Alternatives being considered after its useful life include leaving it in its 
operating orbit, raising it to a higher orb.it, or sending it out of the earth's orbit 
entirely. If reentry occurs after centuries in space, most of the reactor's 
radioactivity will have decayed. Nevertheless, the system will be designed to 
accommodate accidental reentry. The reactor will remain inoperable, surviving 
the intense heat and aerodynamic forces of reentry, and burying itself on impact 
in water, soil, or pavement. 

History 

In 1983, the Department of Energy, the Department of Defense, and the 
National Aeronautics and Space Administration initiated a three-phase SP-100 
development program. In 1985, the present design concept was selected for 
further engineering development and testing. Also in 1985, Hanford was 
selected as the preferred site. 

In the current phase of the program, 1986 -1995, an SP-100 prototype is being 
designed by General Electric Corporation and will be tested in a simulated 
environment at the Hanford Site. 

DOE environmental and safety review processes have been initiated in 
preparation for the start of site construction in 1991. 

http://orb.it


SP-100 Program Review 
Calendar Year 

83 84 85 86 

System Studies! 

Concept 
Selection 

Mission 
Requirements 

and Technology 
Assesment 

{ 

87 88 89 90 91 92 93 94 

Ground Engineering System (GES) 

Phase 

\ Design 

Component Development and Test \ 

Fabricate Subsystems"! 

Flight Option 

95 96 

\ 

Begin Subsystem Test ^ ^ ^ ^ ^ ^ | 

DOD/DOE/NASA'S SP-100 program will provide 
a full power range for future U.S. space missions 
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SP'IOO Major 
Project Elements 

Project Office 
Laboratory 

Management Team 

•JPL 
• Los Alamos 

Technology Development 

Fuels 
Development 

& Nuclear 
Safety 

(LANL) 

Systems 
Development 

& Testing 

(NASA, ETEC) 

Irradiation 
Testing & 
Evaluation 

CWHC) 

Refractory 
Materials 

Test & Eval. 

(ORNL) 

Reactor Design 
and Testing 

System 
Contractor 

(General 
Electric) 

Test Site 
Operations 

(WHO) 
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SP-100 GES TEST SITE 

Containment 
Building 

Vacuum 

Control Room Reactor 
& Auxiliaries 

Dump Heat 
Exchanger 
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Space Power Teclinology Contributions 
Westinghouse Hanford Company 

December 1984 First U.S. fast reactor test of high 
temperature refractory alloy clad fuel pins 

December 1984 First fast reactor test of structural 
materials at temperatures prototypic 
of SP-100 

June 1985 First fuel and materials data available 

September 1986 First instrumented, temperature-
controlled irradiation test of space 
power (thermionic) materials in FFTF 

February 1987 Fuel pin burnup at 2/3 SP-100 goal burnup 

November 1987 First instrumented, temperature-

controlled SP-100 materials test in FFTF 

February 1988 First SP-100 fuel pin test in FFTF 

September 1988 Fuel pins at goal SP-100 burnup 
38807117.1M 
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Hanford Visitor Examines 
Irradiation Test Specimens 



INSERTION OF FIRST SPACE REACTOR FUELS TEST 
(FSP-1) IN THE FAST FLUX TEST FACILITY 



SP-100 Test Site Accomplisliments 

Site Selected 

Conceptual Design Completed 

Complete Internal Facility Cleanup 

Preliminary Design Completed 

Approved Functions and Requirements Issued 

Environmental Assessment Submitted to DOE 

Complete FFTF Equipment Refurbishment 

Control System Order Placed 

Electrical Substation Order Placed 

Preliminary Safety Analysis Report Submitted 
for Construction Authorization 

Finding of no significant impact published by DOE 
- Site selection process complete 

November 1985 

March 1987 

July 1987 

October 1987 

April 1988 

August 1988 

March 1989 

March 1989 

June 1989 

July 1989 

September 1989 

38909121.13 



SP-100 Funding Reduction Impacts 

Program reduced from $78l\/l to $60l\/l for FY 1990 

• Impact: 
- Delay in test startup 
- Increased program costs for escalation in 

construction and operation 
- Extended staffing and design costs 
- In program scope and technical requirements 

cutbacks likely 

• Other Funding Issues 
- DOE reviewing outyear commitment FY-91 

and beyond 

38909121.14 



SP-100 Future Plans and Alternatives 

• Cost reduction task force initiated at GE/WHC/KEH 

• Major changes may be needed to meet reduced 
funding profiles 

• No real alternative to nuclear reactors for highest 
electrical power requirements 

38909121.15 



SP-100 FUNDING REQUIREMENTS 
TEST SITE PROGRAM 

300 

200 
00 

O 

t a 

PRIOR YEARS 90 91 92 93 94 95 

FISCAL YEARS 

TOTAL PROGRAM 260.7 78.0 100.0 112.0 117.5 120.0 69.7 
TEST SITE 32.8 10.0 21.7 22.2 13.3 9.3 5.2 


