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PREFACE

Ihis document disseminates information on the development and application of radioisotope thermoelectric genera-
tors (RTGs) within the Navy. A chapter is included which describes what an RTG is, how it operates, and generally
when it can be used. Other chapters examine potential applications in more depth, summarize current RTG missions,
and describe the Navy's latest development effort, the half-watt RTG. A chapter is also devoted to providing technical
information such as electrical power output and current/voltage characteristics for each model of RTG in the Navy's
inventory.

For those engineers and scientists in search of a long life, reliable power source, instructions on how to obtain an
RTG and a listing of services available from thc Naval Nuclear Power Unit are provided. A table is presented which
li;ts RTGs in the Navy's inventory that are not presently assigned to missions and are available for loan.

Suggestions for improving the effectiveness of this publication and the Navy's RTG Program will be welcomed, as will
requests for more information or additional copies of this document. All correspondence and inquiries should be
addressed to the Officer-in-Charge, Code 70, Naval Nuclear Power Unit, Port Hueneme, CA 93043, commercial (805)
982-5323 or AUTOVON 360-5323. A pre-addressed post card is attached to the rear cover for your added
convenience.
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CHAPTER ONE

RADIO!SOTOPE THERMOELECTRIC GENERATORS

1.1 RADIOISOTOPE THERMOELECTRIC GENERATORS. Nuclear energy usually calls to mind
large conrete-domed reactors capable of generating hundreds of megawatts of electrical power for the utility indus-
try. In just the last 20 years, however, the atom has been put to a much more modest use in a type of electrical
power source known as a radioisotope thermoelectric generator (RTG). These devices typically generate a relatively
small amount of power - from fractions of a watt to several hundred watts. In this power range, these devices have
an interesting and unique advantage over other power sources: they can be designed to operate continuously for
periods of time in excess of 10 years without surveillance or a external energy source. Thus there is no need for such
things as fossil fuels, umbilicals, power lines, or even routine maintenance.

A radioisotope thermoelectric generator consists basically of five components: an encapsulated radioisotope heat
source, thermal insulation, a thermoelectric converter, a voltage converter, and a biological radiation shield. The
physical arrangement of these components is illustrated in Figure 1-1, a cross section of a typical deep-ocean RTG.

Thermal energy generated within the heat source by decay particles colliding with the isotope material is transformed
into low-voltage DC electrical power by the thermoelectric converter. Figure 1-2, a schematic diagram of RTG com-
ponents, shows the detailed interconnection of n and p-type semiconductor thermoelements within the thermo-
electric converter. Thermal losses are reduced by employing insulation to channel the heat flow through the tnermo-
elements. Radiation originating in the heat source from the radioactive decay process usually requires the provision
of a biological shield for personnel protection. The low voltage produced by the thermoelectric converter is normally
transformed to a higher potential by power conditioning equipment in order to match the power requirement of the
electrical load.

1.2 RADIOISOTOPE FUELS. The principal radioisotope fuels used in RTGs are Strcntium-90 and
Pittonium-238. Differences in their radiation, half-lives, and cost result in significant differences in their application.
Plutonium-238 has been used extensivel,, in space applications because of its re!atively longer half-life (86.4 years
versus 27.7 years), its minimum shielding requirements, and consequent light generator weight. Because of its long
half-life and radiation characteristics. Plutonium-238 is also used in biomedical applications such as the miniature
nuclear batteries in heart pacemakers. Strontium-90, because it can be obtained more economically, is used in terres-
trial applications even though heavy shielding is required due to bremsstrahlung production.

1.3 R'I G APPLICATIONS. rviany advantages can accrue through the use of RTGs in lieu of conventional
power generating devices when special requirements arise. RTG provide reliable, long term unattended operation
ideal for remote or inaccessible areas such as outer or dark space, the ocean floor, the arctic and Pntarctic regions,

and the interior of the human body. Their use frees the designer from the constraints normally imposed by the limited
availability of electrical power lines, the limited life of chemical batteries and other similar energy storage devices
and the limited availability of sunlight for photovoltaics. Radioisotope thermoelectric generators have proven to be
ideal for many applications. The SNAP (Systerm for Nuclear Auxiliary Power) series of RTGs is being used exten-
sively to power navigational and weather satellites, deep space probcs such as the two Viking Landers which rest onMars, and scientific equipment such as the Apollo Lunar Surface Experiment Package which remained on thermoon.

Terrestrial applications such as remote weather facifities in the antarctic region or isolated microwave repeater stations
are also well suited projects for the maintenance-free RTG. Other terrestrial uses include powering navigational
buoys, meteorological or oceanographic data collection systems, and undersea surveillance systems.

_ r ' -- ----- ----=-- ° "--- ------ ... ...= - - ---- -
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CHAPTEfl TWO

APPLICATIONS OF RADIOISOTOPE THERMOELECTRIC GENERATORS

2.1 GENERAL APPLICATIONS

2.1.1 RTGs ARE SPECIAL-PURPOSE POWER SOURCES It must be recognized that RTGs are designed to pro-
vide electrical power in situations involving special requirements or unique operating conditions. Some characteristics
of RTGs which permit them to meet these special requirements or unique operating conditions include long life,
continuous power, no maintenance, silent operation, low life-cycle cost, chemically non-polluting, high energy den-
sity (compact size), extreme safety and high adaptability to harsh environments. These characteristics give RTGs
many 3dvantages over conventional power generating devices in many situations, some of which are described below.A

2.1.2 RTGs PROVIDE RELIABLE, CONTINUOUS POWER FOR LONG PERIODS. Navy RTGs are usually
designed for lifetimes of at least five years. Ten years of continuous operation is not unusual and Navy RTGs with a
15-year life have been developed. Manufacturers are working toward 20-25 year lifetimes for cardiac pacemaker
RTGs. Since the RTGs provide power continuously, the duty cycle of supported electronics need not be severely
constrained to conserve power.

2.1.3 RTGs ARE SELF-CONTAINED, REQUIRE NO REFUELING, AND NO MAINTENANCE. This makes
them ideal for remote areas where manning o: -s is undesirable, or inaccessible areas where mirnning of systems
is impractical or impossible, or where replace,. i systems is difficult, or dangerous, or costly. Examples of such
areas include: outer space; remote terrestrial lo, ,ons such as islands, mountainous areas, and polar regions; under-
sea locations; sea surface locations; and inside the human body. Typical usez of RTGs in such remote locations in-
clude power for meteorological and oceanographic sensors and data collection systems, communications systems,
navigational aids, and undersea surveillarTce systems.

2.1.4 RTGs ARE SAFE AND HIGHLY ADAPTABLE TO HARSH ENVIRONMENTS. Navy RTGs are constructed
to meet the design criteria of the International Akmic Energy Pency and the NL'dear Regulatory Commission.
This insures the safety of personnel during normal conditions of transport and handling and also under certain hypo-
thetical accident conditions which may occur during shipment or implant. For example, RTGs designed for undersea
use include a presure hull suitable for the depths involved; those for deep ocean use are designed for pressures of
10,000 - 15,000 psi. Whereas conventional batteries lose considerable power at extremely low environmental temp-
eratures, RTGs gain power and operate more efficiently as the ambient temperature decreases. Also, where conven-

tional power sources may be detrimentahly affected by exposure to a corrosive atmosphere, there is no effect on the
RTG because it is a sealed system.

2.1.5 RTGs HAVE A RELATIVELY LOW LIFE-CYCLE COST. At first look, it appears that RTGs are relatively
expensive. It is recognized that the initial relative cost may be fairly high; however, since RTGs require no mainte-
nance, their use in long-term missions can reduce considerably the total cost of a mission. When viewed from the
standpoint of system life-cycle cost, the use of RTGs in long-term missions is often more cost effective than any
other type of power source.

3



2.2 RECENT APPLICATIONS AND CUIRE"T MISSIONS

2.2.1 ARCTIC MISSIONS

2.2.1.1 RTGs Power Communication Stations in Lake Clark Pass, Alaska. Five RTG-powered UHF relay stations
were installed in October 1977 as part of FAA's Lake Clark Communication Link Project to provide communications
for light aircraft flying through Lake Clark Pass; see Figure 2-1. The relay stations are located at altitudes ranging
from 2400 to 3650 feet. The power system for each station consists of a Navy RTG and a nickel-cadmium battery
pack. At each of four stations a Sentinel-25F RTG provides from 28 to 30 watts of raw power at 2.8 to 3.1 volts;
this output is DC-DCconverted to recharge the 14-volt battery packs, see Figure 2-2. At the fifth station a SNAP-23A
RTG provides 45 to 50 watts of power at 18 volts; this is used through a voltage limiter to recharge a 14-volt battery
pack.

The Alaskan Region Office of the Federal Aviation Administration (FAA) deployed these five relay stations to ex-
tend the previously established air-to-ground communications network throughout the entire length of this narrow
mountain pass. It is now possible fo- pilots anywhere in the pass to communicate with the flight service station at
Kenai Municipal Airport to obtain vital weather information. The successful operation of ,riese five stations has con-
firmed the suitability and reliability of RTGs for remote, unmanned communications stations: as a result, future FAA
plans call for RTG-powered stations to replace the remaining two original repeater stations presently powered by
propane-fired thermoelectrics.

2.2,1.2 RTG Powers Oceanographic Sensors at Fairway Rock, Alaska. A 25-watt Sentinel-25A RTG (formerly
designateo LCG-25A) was installed on 11 August 1966 on Fairway Rock, an island in the eastern part of the Bering
Strait (Figure 2-3). to provide power for oceanographic sensors which measure water temperature, salinity and veloc-
ity; see Figures 2-4 and 2-5. This five-year design life RTG has proven its high rel;ability by successfully powering the
the sensors and related telemetry equipment for more than 11 years.

Since the output power of an RTG decreases gradually as the radioactive fuel decays, it will be necessary to replace
this generator in the near future; discussions to plan for its replacement will commence this year.

0 A-
Figure 2-1. Lake Clark Pas. Looking Southwest from Figure 2-2. Comnrwnicstions Relay Station Five with
Relay Station Five. Sentinel-25F RTG (Underneath Structure).
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Figure 2-3. Fairway Rock, RTG is Located on
the Plateau on top of the Rock.

Figure 2-4. Origina Installation of the

- RTG Deployed in its Shipping Container;

Antenna on Left is for Telemetry of Data.

144

Figure 2-5. The RTG After Several Years
of Operation. OrinaIl Telemetry Antenna
has been Replaced; Old Propane Tanks in
Background were part of Power System
Replaced by the RTG.
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2.2.2 ANTARCTIC MISSIONS

2.42.1 RTG Powers Infrasonic Research Station dt Windless Bight, Antarctica. An infrasonic research station con-
sisting of an array of sensors and related telemetry equipment was installed at Windless Bight on the Ross Ice Shelf
on 23 November 1976, see Figures 2-6 and 2-7. A Navy 10-watt SNAP-21 RTG not only proiides power for the
sensors and the telemetry, but also piovides waste heat from the RTG to keep the electronics at an acceptable oper-
ating temperature; see Figure 2-8.

The Natioral Science Foundation and University of Alaska deployed this research station as part of an effort to
understand the complex interaction between the earth's magnetosphere and its ionosphere. The RTG and the station
are performing satisfactorily, and approval of the RTG's use on this mission has been extended to January 1980.
The reliable operation of this RTG and the success of the project has further shown that an RTG is an ideal power
source for remote operations in polar regions.

iMTV

Figure 2-6. Erecting Prefabricated Building Around the RTG; Nodwell Vehicle is in Hole Dug to Facilitate
Unloading of RTG.
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Figure 2-8. Dr. C.R. Wilson of the University of Alaska with RTG and Electronics at Windless Bight, Antarctica.
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2.2.2.2 RTG Powers Automatic Weather Station at Marble Point, Antarctica. The National Science Foundation
(NSF) and Stanford University installed a PrototvPe Automatic Weather St3tion (AWS) at Marble Po.nt, Antarctic-,
on 15 January 1976; see Figure 2-9. The AWS transmitted weather and operational data to the NIMBUS F satellite
for readout in the USA. A Navy URIPS-8 RTG provided more than eight watts of continuous power during the
operational life of the station; see Figure 2-10.

The AWS funct-oned perfectly for more than six months. Then, on 20 July 1976, the weather sensor data as received
were unusable. The data continued to come in unusable until 5 May 1977 when transmissions from this AWS ceased.
The nature of unusable data received prior to total failure of the station tended to indicate that the failure was in the
AWS equipment.

On 13 October 1977, a team visited the site and inspected the station, no physical damage was found. On 30 October
1977. the AWS and the RTG were recovered by helicopter and returned to McMurdo Station for storage. The RTG
was still operating normally. The electronics package from the AWS was returned to Stanford University for evalua-
tion; the electronics failure was traced to the failure of two integrated circuits which control the timing of the RF
transmitter circuits.

Ih

Figure 2-9. RTG (in Shipping Container) on Special Figure 2-10. URIPS-8 RTG.
Sled Being Lowered by Helicopter to Marble Point
Site.

9



This same RTG-powered AWS operated successfully at the South Pole (Figure 2-11) from 20 January 1975 to 7 De-
cember 1975 when it was moved to McMurdo Station for redeployment to Marble Point. This earlier success, and the

.. ...... y of the RTG throughout the Mwacibl PumL deployment has again proven the suitability of RTGS
for remote polar operations. As a result, plans are in process for deploying seven advanced model AWSs in

Antarctica during the 1978-1979 Austral Summer. Teitetively, five of these stations will be located in the McMurdo

area and two at Byrd Station. The five AWSs in the McMurdo area will include one at Marble Point and one at
Mnna Bluff. Besides the URIPS-8 RTG which is now in storage at McMurdo, six additional RTGs will be deployed
to Antarctica to power these new AWSs; these six additional RTGs will include three 8-watt URIPS-8 RTGs andthree 10-watt SNAP-21 RTGs.

2.2.2.3 RTG Powers Polar Automatic We.,ther Station at Minna Bluff, Antarctica. In December 1975, the National
Science Foundation and the Naval Research Laboratory shipped a prototype Polar Automatic Weather Station
(PAWS) and related RTG to Antarctica; see Figure 2-12. Due to shipp;ng delays enroute, the PAWS and RTG arrived
too late for local deployment during that Austral Summer, both were subsequently stored temporarily at McMurdo
Station.

Figure 2-11. RTG-Powered Automatic Weather Station at South Pole.
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The prototype PAWS, with a Navy 25-watt Sentinel-25 RTG installed (Figure 2-13), was transported by helicopter
to Minna Bluff on 26 December 1976. The RTC was operating satisfactorily, but the P/.WS system was inrpprative
after the implant. The PAWS system also suffered storm damage during the period 7 - 9 inL.,ry 1977. ATtt. tield
repairs were unsuccessful in rendern the PAINS system opeliionai, the system with RTG was recovered and re-
turned to McMurdo Station on 20 January 1977. The 25-watt RTG was still operating normally and was returned to
ti RTG Surveillance Facility at Point Mugu, California, in March 1978. Plans are in process for placement of a
different type of RTG-powered automatic weather station at Minna Bluff during the 1978 - 1979 Austral Summer
(see paragraph 2.2.2.2). 2Bw
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2.2.3 UNDERSEA MISSIONS

2.2.3. 1 RT. P,.ide .?-,e. fr Unde.s.e Strcture ofi ;--If =-a C .z,.. A 10 -watt SN, AP 21 RTG was installed III
-00 feet of water in the Santa Monica Basin on 29 August 19 4, in support of the SEAL.ON II project. The Navy's

,vN; Engineering Laboratory built an undersea experimental three-leggtJ cable structure a half mile high and more
than a mile wide to evaluate structure response to changing ocean currents; see Figure 2-14. Two of the three moor-
ing legs were secured to the sea floor by deep water explosive embedment anchors. The third leg was secured by an
8-ton dead weight clump anchor which also doubled as a container for the RTG and a 48-volt lead-acid backup
battery.

The main source of data on structure response was an acoustic positioning system consisting of acoustic projectors
on the sea floor and hydrophones at key locations on the structure. Sensors for measuring cable tensions and water
depths at key locations completed the structure response measurement system. All sensors were controlled and data
were recorded on magnetic tape by an electronics package located in a crown buoy 50 feet below the ocean surface.
A current measurement system detected the magnitude and direction of the ocean currents which moved the
stiucture about.

IN

IL

Figure 2-14. General Plan of SEACON Ii System.
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I
The success of the project depended upon reliabie power for the sensors and data recording system. The selected

power system combined the use of central and distributed energy elements as shown in Figure 2-15. The central

power un;t consisted of a SiNt-, RTG, bee Figure 2-i6. Tne RTG provided 12.5 watts of raw power at 4.99 volts;

this was DC-DC converted to 48 volts to operate the three acoustic proiectors and to trickle-charge the nickel-

cadmium battery pack used to operate the electronic equipment in the crown buoy. Each of the seven distril-uted

electronic packages on the structure was powered with non-rechirgeable primary mercury battery packs.

After almost two years of successful operation and achievement of project objectives, the SEACON II project was

terminated and the RTG was recovered on 22 July 1976. This project showed that RTGs are rhable power sources

for remote undersea operations.

A AC She NOO 80tIter

(RTEo Charged)

0 0
PROJECTOR NO I i | CePOclteoee

PRJECTOR NO 2 Sjrg

PROJECTOR NO 5 (RTC Cho3*411

CLUMP ANCHOR CHARGING SYSTEM

Radioisotope ThernMoeectrIC Generotor
Lead-Acid Battery Bank

Figure 2-15. SEACON II Power System.

Figure 2.16. SNJAP-21 RTG Used in SEACON

I I System.
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2.2.3.2 RTG Powers Undersea Experiment on Pacific Seamount. A 25-watt Sentinel-25C1 RTG (formed/ desig-
nated LCG-25C1). was installed 3 June 1969 at a depth of 2200 feet on the San Juan Seamount, 180 miles WNW of
San Diego. The RTG (Figure 2-17) provided power for an Inter-Seamount Acousti. Range (ISAR) transmitter con-
sisting of a string of acoustic projectors used for sending periodic acoustic pulses over a long deep-water path to a re-
ceiver facility l-cated 190 miles distant at the Westfall Seamount.

The system operated satisfactorily and the experiment was completed in 1973. The -coustic system continued to
operate satis factorily for approximately 5.6 years; system failure wbs reported 31 January 1975.

Recovery of the system was made difficult because of earlier events which took place during deployment of th-
system. Unknown factors caused premature firing of acoustic release mechanisms while the recovery system was still
on board the deployment vessel, this resulted in deletion of the acoustic release mechanisms and related parts of the

recovery system. Two attempts to recover the system in the summer of 1973 were aborted due to weather and recov-
ery vehicle problems. Recovery attempts during July 1974 were unsuccessful and were aborted due to weather. No
recovery attempts were made in 1975. Recovery of the system and the RTG was finally effected 28 April 1976. This
five year design life RTG was stil! operating normally after almost seven years submersion at a depth of 2200 feet.

DWI-

Figure 2-17. Sentinel-25C1 RTG Standing Beside Platform on Which it was
Mounted for Mission.
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2.2.3.3 RTGs Power Deep Ocean Transponder Systems on Air Force Eastern Test Fta -)n 2'7 ebrtuary and
1 March 1977, two Millibatt-1000 RTGs were installed on the Air Force Eastern T-.s. Rar le (A -ET!I) for, ad in the
South Atlantic; see Figure 2-18. These ten-year design life RTGs had been mated v.tt. .oeep ocecn tra- ponder svs-
tems designed to sprve along - "eitn transponder systems as permanent geodetic efic.re. 'ETR missile
impact location arrays. Figure 2.19 shows one of the RTGs with the transponder system .~,roi aunching. Un-
fortunately this system failed to respond to intertogation sho. tly after implant. An analysis of th~e implant showed
that the fre(-falling RTG-powered system descended at a velocity greater than previously calculated, 4nd failed be-
cause of ey.essive deceleration when it impacted on the ocean bottom at a depth of about 10,5W0 feet.

U

Figure 2-19. Millibatt-1000 RTG and Deep Ocean Transponder System Ready
for Launching.
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The second system was modified to eliminate this problem. After implantment, this system responded successfully,
but exhibited an Abnormal directional pattern with operating ranges unacceptably low in certain azimuths and higher

than normal in other azimuths. Its abnormal directional pattern is believed to be related to the transponder or to
failue in the connecting sdngbr~d!.- =Saemby btween the transponder and RTG rather than to the RTG itself- see
Figure 2-20. Because at tthese problems, plans for implanting four additional RTG-powered systems during the same
mission were cancelled.

N.I LIFITNG SLIN

lii - RASOOVE

EL ECTRICAL CARLE

~--_CONNECIN6 SLIN

RTS

Fgure 2-20X Deep Ocean Traponder SstM.
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2.2.4 SEA SURFACE MISSIONS.

2.2.4.1 RTGs Power Wave Gage System in Gulf of Mexico. Three Sentinel-25D RTGs were installed on a Texas-
Tower-type platform known as the Stage I Tower located approximately 11.25 miles off-shore from Panama City
Beach, Flo da, on 22 June 1973; Figure 2-21 shows the Stage Tower. Th RTGs power an array of surface wave
gages and a microwave telemeteriig system for transmitting wave data from the tower to shore; on shore the data are
subjected to computer analysis and used for operational planning purposes by the Naval Coastal Systems Center,
Panama City, Florida.

In this mission three RTGs were placed in series in order to provide the 60 watts of conditioned power required; see
Figure 2-22. The 2.9 - 3.0 volt output of the RTG is DC-DC converted to voltages required by the wave gages and
telemetry equipment. These 5-year design life RTGs are now more than eight years old and are performing reiiably.
This project has shown the feasibility of connecting compatible RTGs in series to meet a power requirement for which
a single RTG is inadequate; it has Also shown that RTGs are reliable power snurces for remote sea surface missions.

Figute 2-21. Stag I Tower in Gulf of Mexico.

Figure 2-22. Three Sentinei-25D RTGs Electrically Connected in Series.
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Figure 2.23. SEA ROBIN IV BUOY and Mooring Configuration.
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2.2.4.2 RTG Powers Spar-Type Data Buoy off Bahamas. A 10-watt SNAP-21 RTG on a spar-type data buoy system
(SEA ROBIN IV) was successfully installed with deep ocean mooring east of Eleuthera Island, Bahamds. on 15 Jan-
uary 1976; see Figures 2-23 and 2-24. The RTG provided about 13 watts of power at a raw output voltage of 4.96
volts; this was DC-DC converted to the 24 volts required by the telemetry system and to other voltages for otlier
elements of the system. The RTG continuously charged auxiliary nickel-cadmium battery packs which prov.,'led 12V
and 28V power for periodic peak loads and emergency power for limited operation in the event of RTG tf:!uic.

The system performance was satisfactory until 17 March 1976, when the buoy and the mooring system separated,
communication with the buoy was lost, and the buoy was adrift. After commercial ship sightings of the buoy on
20 March, no further sightings were reported until 28 March when a Navy P-3 search aircraft made radar contact. Ship
control of the buoy was regained on 28 March, and the buoy with RTG was recovered on 29 March 1976. Failuie of

the mooring was determined to be the result of iiuadequate design and faulty construction of the cantilevered fairlead
interface between the buoy and the mooring. RTG perfo-mance and reliability were not affected. Th.5 project
showed that an RTG is a satisfactory power source for a surface buoy, bu: extreme care must be exercised in design-
ing and manufacturing the buoy mooring system.

Figure 2-24. SEA ROBIN IV Buoy Being Lowered Into Water During Deployment; RTG is in Cage at Left End
of Buoy.
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2.2.4.3 RTG Powers Drum-Type Data Buoy off Bahamas. A 25-watt Sentinel-25F RTG on a drum-type data buoy

system (BEAR Buoy) was successfully installed with a deep ocean mooring east of Eleutheid Island, Baha,,ias, on

12 February 1976, see Figures 2-25 and 2-26. The RTG (Figure 2-27) provided about 32.9 watts of power it a raw
output voltage of 2.79 volts, this was DC-DC converted to the 30 - 32 volts needed to continuously chaig- d 28-volt
lead-acid battery park which provided direct power for the telemetry system.

The system performance was satisfactory until 7 May 1976, when the telemetered data from the buoy were garbled.
The problem was erroneously assumed to be in the system on board the buoy (it was later found to have been in the
land-based receiving station), and after unsuccessful attempts to solve the assumed electronicsi'cornmunrcatIons
problem remotely, Lhe RTG and electronics capsule were removed ft, the buoy and returned to Miami, Florida, on
28 May 1976 for test and repair of the electronics. RTG performances and reliability were not affected.

Due to various factors the RTG and electronics were not reinstalled uii the buoy which remained on station. In Aug-
ust 1976 the buoy was subjected to the forces of 20 to 30 foot waves and 60 - 73 knot winds during Hurricane
Belle. The ipper 30 feet of mooring cable and termination fittings were inspected by a diver on 3 Decembei 1976

and found to be in good condition. Sometime later, probably in the middle to end of January 1977, the mooiing
broke in the thermistor cable at a distance of about 800 - 1200 feet below the buoy. The drifting buoy was taken
under tow about two or three weeks later, and was towed into port on Andios Island.

__ --

--- F . .. ....

" r

Figure 2-26. The BEAR Buoy Deployed. Figure 2-27. Sentinel-25F RTG
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2.2.5 OTHER TERRESTRIAL MISSIONS.

2.2.5.1 RTG Provides No-Break Power Source for Data Systems in Bahamas. The Navy's highest powered RTG, a
100-watt Sentinel-100F was successfully installed at the Naval Facility on Eleuthera Island, Bahamas, on 13 Decem-
ber 1974; see Figures 2-28 and 2-29. The RTG provides about 125 watts of raw power at 9 volts; this is DC-DC con-
verted to 24V to provide a no-break power source for a quartz crystal clock timing system for the shore-based data
acquisition system. The data system supports Office of Naval Research programs on the Bermuda-Eleuthera Acousti-
cal Range.

Th~s five-year design life RTG (Figure 2-30) has been previding power continuously for more thap three years. Plans
are presently in process to move this RTG to an undersea habitat experiment near St. Croix, Virgin Islands, in the
summer of 1978. where it will serve as an emergency power supply for life-suppoit equipment.

Figure 2-28. Sentinel-11OOF RITG Being Lowered Into Concrete Lined Well
Adjacent to Communications Building.
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Figure 2-29. Sentinel-1OF RTG After Three Years of Operation.

Figure 2-30. Sentinet-lOOF RTG.

25



2.2.5.2 RTG Powers Automatic Meteorological Data Collection Station. An 8-watt Sentinel-8 RTG was successfully

installed at a site 794 feet above sea level on San Miguel Island off the coast of California on 20 November 1970; see
Figures 2-31 and 2-32. The RTG continuously charges a 15-volt nickel-cadmium battery which provides power for
the ne teo ro logical data collection system; the data are transmitted to Naval Air Station, Point Mugu, California, for

use in Pacific Missile Test Center operations.

The location of the system and RTG on the island was changed once in 1,76. There have been several failures of bat-

throughout that period.
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Figure 2-32. Sentinel-8 RTG in FG-r- wound With MeuiorOlOgical Station in Background.
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2.2.5.3 RTG Provides Power for Experimental Research and Development Projects. One of the Navy's oldest RTGs,

a SNAP-'E. was installed at the Naval Avionics Center, Indianapolis, Indiana, on 12 November 1970; see Figure 2-33.
This RTG provides about three watts of electrical power for testing low-powered experimental weather stations, te-
lemetry systems, and electronic components. The RTG performance has been reliable throughout the past seven
years of operation.

I

i - -.

Figure 2-33. Checking SNAP-7E RTG for Radiation Level After Unloading at Naval Avionics Center, Indianapolis.
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2.3 FUTURE APPLICATIONS.

2.3.1 EFFECTS OF TRENDS IN ELECTRONICS. Improvements in integrated circuits and miniaturization of
components has resulted in more compact electronics with reduced power requirements. Because RTGs are essentially
low-power devices, the RTGs are now able to meet the power requiremenfts of a wider range of electronic svstems,
and the miniature electronic systems are finding a wider range of applications. Thus RTGs are becoming qualified
for an increasing number of potential applications.

Likewise, the number of communications satellites is increasing; this reduces the power requirements for communi-
cations stations which can transmit directly to such satellites. This makes transmitting stations (meteorciogical and
seismic sensoring) ff, - attractive for coverage of remote areas; RTGs are ideal for powering such sensors and tran
mitters.

New developments in fiber optics have opened new fields of activity in the area of communications cables. The re-
quirements for repeater stations has generated increased interest in RTGs as possible power sources for remote appli-
cations.

2.3.2 EFFECTS OF TRENDS IN RTGs. All of the present applications of RTGs described in paragraph 2.2 above
have involved the use of RTGs using strontium-90 as the radioactive fuel for the heat source. Strontium-90 requires
considerable biological shielding material in the RTG; this, tcgether with a pressure hull for undersea applications,
gives the RTG substantial bulk and weight. The Navy is presently testing RTG- fueled with plutonium-238, which,
in small quantities, does not require shielding; see Chapter Three. This permits the construction of RTGs of rela-
tively small size and makes them more attractive where small size, low weight, and ease of handling are essential to
an application. The availability of these small RTGs has stimulated interest in the use of RTGs in Lables and small
electronic systems.

IN

IN
IN
IN
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CHAPTER THREE

THE NAVY SUPERBATTERY

3.1 GENERAL DESCRIPTION.

3.1.1 CHARACTERISTICS. The Navy superbattery is a half-watt RTG using a heat source fueled with
plutonium-238. In configuration the RTG is a right circular cylinder about 2 inches in diameter and from 5 to 6
inches long; this is about the size of a conventional two-cell flashlight; see Figure 3-1. Functionally, the generator,
when connected to a fixed resistive electrical load of about 85 ohms, provides a minimum power output of 0.5 watt
for a minimum period of 15 years. The voltage throughout the life of the generator is designed to be in the range of
6.0 to 8.5 volts, with 8.0 volts being a desired maximum. This equates to 65,700 watt-hours of electricity over the
15-year life of the RTG. This is as much power as would be produced by standard lead-acid automobile batteriesweighing about 3.5 tons. Considering that the weight of each RTG is about two pounds, the energy density of the
RTG computes to 32,850 watt-hours per pound.

CN

NN

Figure 3-1. Typical Half-Watt RTG
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3.1.2 DESIGN. In principle, the half-watt RTG is a rather simple electrical device; see Figure 3-2. The heart of
the device coribists of a thermoelectric converter, a plutonium-fueled heat source which keeps one side of the con-
verter hot, and an outer case which functions as c container and provides the heat sink to keep the other side of the
converter cool. Two electrical leads conduct the DC electricity out of the converter, and thermal insulation helps to
confine the flow of heat through the thermoelectric converter. An adapter stabilizes the heat source alignment and
presses the heat source against the thermoelectric converter. The pressure plate distributes the spring pressure over
the end surface of the adapter. The spling provides the force which maintains pressure between the heat source and
thermoelectric converter and between the thermoelectric converter and the heat sink. The plug provides access to
the interior of the RTG for evacuation and for backfilling with gas.

ELECTRICAL
FEED- ThRU

THERMOELECTRIC
CONVERTER

' I / TERMAL

* INSULATON

, 1.* HEAT SOURCE

L

ADAPTER

, PRESSURE PLATE

i SPING

k . PL U09

Figure 3-2. Cutaway View of Half-Watt RTG
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3.2 APPLICATIONS.

3.2.1 POTENTIAL USES. The Navy superbattery was originally ,rocured as a special-purpose power source for
use in cables in undersea surveillance systems. As procurement progressed, it became obvious that this design is suit-
able for any use where small, long-life, distributed or point power sources of high reliability are required. Numerous
potential applications of this power source are anticipated, such as in fiber-optic cables, remote point sensors (meteo-
rological, seismic, and other), remote communications stations, and navigation beacons.

3.2.2 DESIGN FLEXIBILITY. Potential users of the superbattery need not be constrained by its size or its out-
put power characteristics, as both can be tailored to fit the requi.ements of supported systems. Studies have shown
that a half-watt superbattery using the present heat source design could be constructed with a minimum diameter as
small as 1.6 inches and a minimum length of 4 inches. For power requirements !ess than one-half watt, further reduc-
tions in size would be possible with a new heat source design.

For power requirements greater than one-half watt, present units could be used in multiples. by increasing size some-
=what, the output power of a sngle RTG could be increased to several watts.

For voltage requirements greater than 6 to 8 volts, supported systems can provide power conditioning in their cir-
cuitry. By changing the design of the thermoelectric converter, direct output vo!taqes as high as 20 - 24 vots are be-I lieved to be attainable without the use of any power conditioning equipment.

I
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CHAPTER FOUR

RADIOISOTOPE THERMOELECTRIC GENERATOR INVENTORY
AND TECHNICAL SPECIFICATIONS

4.1 INTRODUCTION. This chapter summarizes the electrical and physical characteristics of RTGs in the

Navy's inventory. RTGs are grouped by model and models are arranged alphabetically.

Whenever possible, two pages have been devoted to each RTG model. The first page contains pertinent physical char-

acteristics and a sketch of the model. The facing page prcsents electrical performance data and fueling information

typical of all RTGs of that model. The plot of voltage versus equilibrium current results from a quaeratic least

squares fit of the illustrated data points. The smooth plut of power versus eqilibrium current was then obtained by
multiplying the equation for the voltage versus current curve by current. Located in the upper block on the same

page are the equations, with associated coefficients, that describe these curves.

In those instances whe-e all RTGs, of a particular model were deployed and therefore unavailable for testing, physical

characteristics, fueling information, r:evious electrical performance data, and d sketch of the model ar- provided on

a single page.

Numerical information is presented in exponential notation, i.e., 1.00 E 02 100 or 1.00 E - .02 = .01.

Fit=

If=

PA-
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RTE-TFO00 P RFOFRMHNCE EDHTR
123 FEB 7E3

R4MBI ENT TEMP: 3. 60 IC

V A*9 1 + L3*i C f9 H. 03E 0

P f9~* *I + B*! I + Cip I C I .31E Ell
MRX POWER. .. . . .. . .S I I E-211 WA1TTS
V r'!L-H~ GR 1T MAX PCIWER... G.2 002 VOJLTS
CURREMT N1T MHX PO E . . 7 .9 E- 02 HMPSE

ITHEP'jRIL OUT~i.T C 4PTTS).I J.72E 01

iK.00.L HC II. CRES . .0E0

o.0 0. l

b. lam 0.00

9 to Is a isa
CURRENT ( 1) mps
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PMPPLJCSBLE RTE NOS5: MRTII

PHYS I CAL CHRACTER IST ICs,
WEIG~HT CPMUNOS) ........ SZM21
PRESSURE HULL RRTING CPSI) ... TERRESTRiRL
PRESSURE HULL MATERIAL.......... TRNTFILUM
THERVIDELECTR IC MATER IAFL........ BITE
FUJEL TYPE......................... PU-231

2.66" 
.5
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IRTI3-MRT~i RERFOJRMHNCE EDHTR
2S JAN 78

1M IENT TEMP S OC

V R* I*I +E1*I + C ]R =SSIE eI
P FH*I*I*i + B*l*I + C* C 2HE0

MAIX PWE .......... 3.M0 WFRTTS
VOJLTAGE AT MAIX POWER .... 1.0 00~ VOILTS
CURRENT FiT MAX POWER .... 2.SZ-02 AIMPS
POWNER CONDITINIG.... NOINE

THERMAL OJUTPUT CWRTTSI.. 1.13E 00 FE 7
FUJEL AICTIVITY CCURIES).. 3.S Of

VOLTFIGE %:V) POWER (P)
V13LTS WRTTS

2.00

1..0a

CURRENT (1I) fimps
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MILLISRTT-1000

APPL ICRELE RTIG NCJS~ 03-4

PHYS ICAIL CHA~RACTER IST ICS:

WEIGHT CPt1UNDS) .................
PRESSURE HULL RA~TING CPSI) 04E
PRESSURE HULL MATERIAL........TEEL
THERMOELECTRIC MAITERIAIL.........BEITE:
FUEL TYPE......................... R9

ar
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RTS-339 PERFORMRNCE DHTH
I1 JRN 78

RMBIENT TEMP: 20. SC

V = R*!*I + B1! + C ]R = N/R

B = N/1

P = Rl*l**! + 8*1*l + C* C = N/R

MAX P WER ............... 1 .27E 0 NATTS'
VOLTAGE AT MAX PONER .... 2.Y7E 01 VOLTS
CURRENT AT MAX POWER .... E. ISE-02 RMP
POWER CONDITIONING .... 2H VDC REGULATED
THERMRL OUTPUT (WRTTS).. E.30E 01 FEE 72

FUEL RCTIViTY CCURIES).. 7.7SE 0

VQLTAI3E CV) PWER Cp)
V13LTS WFRTTS

I 00 .. 20

10..9m

IS

191. Zi - I.

oz 10.210

is N 00t

CURRENT C I iuups
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SENTINEL-9

APPLICABLE RTS NOS, 02H

PHYSICAL CHRRRCTER I ST I CS:

WEIGHT CPOUNDS) .... 3ma 
PRESSURE HULL RATI G CPSI ... 1.67E 03
PRESSURE HULL MMTERIAL ........ STEEL
THERMOELECTRIC MATERIAL ....... PBTE

FUELING INFORMAITION:

FUEL TYPE . . .....................SR-
FUELING DATE ................. DEC S1
FUELED THERMAL WATTS ......... 2.E 0
FIJELED CURIES .... E................. E H

ELECTRICAL CHRRRCTERITICS: AS OF DEC 77

MAXIMUM POWER ...... ........... 7.3E 9
VOLTABE AT MRXIMUM POWER ..... .HBE 0
CURRENT AT MAXIMUM POWER ..... S.3SE 0

00 

60

0 O

24"
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9ENT INEL-2EH

RPPL I CHALE RTIG NIS: 00

PHYS ICAL CHARACTER IST ICS,

WEIGHT CPtJUNDS) ........ .ME2:
PRESSURE HULL RATIAL........... TEETIA
PRESSURE HULL RATEIAL ...I).... STEETIA
THERMOELECTRIC MATERIAL......... PBTE

FUE~L I NG I NrORMR:T I ON:

FUEL TYPE.........................SR0

i PUELI.NI DATE.......................tJUN 66
FUELED~ THERMAL WATTS ............7. 1SE 02
FUELED~ CUR IES......................I 1.S OS

ELECTRICRL CHARACTERISTICS, FIS OF JiUN 75

MAXIMUM POWER...................... I.IE 01
VOLTAGE AT MAXIMUM POWER......H-tE 00
CURRENT AT MAXIMUM POWER........ .L71E 00

29.9"

Ti29

I K___
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oINSULATION
OINNER SHIELD

o FUL CAPSULE

OD RADIOISOTOPIC FUEL

OTHERMOELECTRIC COUPLE ASSEMBLY

*RADIATOR FINS (ALUMINUM PLATEV
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5ENT INEL-2SC I

FPPLICABLE RTIS NOS: 00

PHYS ICAL CHRACTERI1STIjCS:
WJEIG5HT (POUNDS5) ........ .O:0
PRESSURE HULL RATIN3 CPSI) ... E0 3
PRESSURE HULL MATERIAL.........LUMINUM
THERMOELECTRIC MATERIAL......... P1TE

FUEL TYPE.......................... SR-SO

Ic
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FTG-0E0 PERFORMHNCE DRTA
10 dRN 7@

AMBIENT TEMP: 2I.H 9C

V =R*I*I + *i + C ]R 3.29E-0
B =-'3.2HE-OI

P =A**1*1 + B*II + C*I K.37E 00

MAX POWER ............... 2.HSE 11 WA9TTS
VOLTAGE RT MAX POWER.... 2.$3E 00 VOLTS
CURRENT AT MRX POWER .... 9.70E 00 RMPS
POWER CONDITIONING ...... NONE

THERMAL OUTPUT CWRTTS). . 7.H3E 02 SEP 57
FUEL ACTIVITY (CURIES).. I.OSE OS

VOLTRLGE CV) POWER CP)
VOLTS NRTT5

• T I •*

H.222 4 22.222

22.2222P CURRENT C I ) Ris 2.22
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EENT INEL-2ECJ

19PPLICHBLE RTIS NOS: 01H

PHYS I CAL CHFIRHCTER IST ICSs
WEIGHT C.POUNDS) ........ 12E0
FE5SUfRE HULL RAINGW CPS[)..SIE0

PRESSURE HULL MATERIAL ... RLUMINUM
THERMOELECTRIC MATERIAL......... PBTE
FUEL TYPE......................... R9

hivv
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RT-0 H PERFERMFNCE DHH
23 DEC 77

RMBIENT TEMP: 21.7 IC

V=R*1*1 + s*I + C . -

21= -3. G7E-oI
P = *1*11 + *I~l+ C* C = .77E 00 A

MRX POWER ............... 2.SIE fI NRTT5
VOLTRGE ST MRX PONER .... 2.72E 00 VOLTS
CURRENT RT MRX POWER .... S.2:E 0 RMPS
PONER CONDITIONING ...... NONE N

THERMRL OUTPUT CWRTTS).. 7.20E 02
FUEL RCTIV:TY (CURIES).. I1.0E M JE

VOLTRGE CV) PONER CP)

VOILTS WFITTS

'T i

rN~ IN

CURRENT CI s
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SENTINEL-2ED

APPLICABLE RTG NISt MOS-010

PHYSICAL CHRHCTERITICSt

WEIGHT CPOUNDS) . .............. 3.120E 03
PRESSURE HULL RATING (PSI) I.OiE 03
PRESSURE HULL MATERIAL ........ STEEL
THERMOELECTRIC MATERIAL ....... PBTE

FUELING INFORMATION,

FUFL. TYPE .................... SR-SW
FUELING DATE ................. OCT B6
FUELEC THERMAL WATTS ............7.2IE 02
FUELED CURIES..................I.06E VI

ELECTRICRL C4ARACTERISTICS, HS OF JRN 73

MRXIMUM POWER .... ............... 3.5EE of
VOLTP,5E AT MAXIMUM POWER ....... .SE 01
CURRENT rjT MAX!MUM POWER ..... I .23E 0

I
II

('JNJ

I 29.9"

0
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SENT I NEL-2EE

RPPLICRBLE RTG NOS, i1-013

PHYSICRIL CHRRACTERISTICS,
WEIGHT CPOIUNDS) .............. H.I7E I13
PRESSURE HULL RATING C PSI) ... .00E MH
PRESSURE HULL MRTERIRL ......... TEEL
THERMIELECTRIC MRTERIRL ....... PBTE
FUEL TYPE .................... SR-90

II

E-i lll.!! I 1 1
I-I

1- 27.0"

25.6"
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RTG-012 PERH'RMRNCE DRTR
* 12 DEC 77

RMBIENT TEMP-" 20. C

V =R*I~i + 8*I + C I =F I .3i3E-03
B -2.8HE-mi

P =R*1*I$1 + B*I ! + C*I C = E.HIE 00

MRX POWER ............... 2.71E 01 NRTTS
VOLTRIBE HT MRX POWER .... 2.83E 0 VOLTS
CURRENT RT MRX POWER .... 1.03E M RMPS
POWER CONDITIONING ...... NONE

THERMRL OUTPUT CWRTTE).. 7.I9E 02
PUEL RCTIVITY CCURIES).. I.08SE 0E

VOLTAGE CV) PONER (P)
V13LTS WRTT9

S; .00 30.910

0.010 0. ti

I2I
m W--0.00a a

CURRENT C I) FMmp
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SENT INEL-2SE

PPLICI9BLE RTI3 NOS: 02-3

PHYS ICRL CHRRRCTEN I T ICS,

WEIGHT CPIUNDS) ........ 9.17E 03
PRESSURE HULL RRTING (PSI) ... I,00E QH
PRESSURE HULL MFITERIHL ... STEEL
THERMOELECTRIC MPITEIRL......... P3'
FUEL TYPE......................... Ro

25.6"
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j T 1- Z:3I FPIRFORMHNCE DTT
1 9 DYEC 77

RMBIENT TEMP: 21. 1C

V A*I*l +21*1 + C 1] R 7.32E-OH

P *I*I*l + 13*1*1 + C*lC 7.2HE 00

MH)( PWER~ ........ 3 EE Of NRTT E
VEILTRGE AT MFI) POWNER.. 3.B 00 VOLTS
CURRENT AT MA)C POWER.. 1 .r0E: 01 RMPS
POWER CONDITIOlNING.........NONE

THERMAL OUTPUT (WRTT) 7.19E 02 PR7
FUEL ACTIVITY (CULRIE) I.MEE OS II

VOLTHIEE CV) POWER CP)
V3LTS WATTS

6.03 :a .vi

H.1 t im

61 lit

CURRENT Cl I) mts
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EENT I NEL-2EF

FIIPL I CFABLE RTE NIEI : 1 9-023

PHYSICFL CHIRACTER ISETI CE'

NEIEHT CPEUNDE) . I.H0E 03
PRE=EEURE HULL RRTING (P5I) ... 5.00E 02!
PRE55URE HULL MATERIRL ......... LUMINUM
THERMOELECTRIC MATERI.L ...... PBTE
FUEL TYPE .................... SR- 0

233.0

. L ,

19.8

56



RTG-02i3 PERFQRMRNCE DI9TH
26 MAY 77

AMB[ENT TEMP, 2.S OC

V A*1*f + B*I +C A= -. sE-oHIP = *1*1*1 + B* + ]*I J = .S 2
MRX PWER ............... 2.SBE 01 NATTS
VOLTRE AT MAX PONER .... 2.M0E 00 VOLTS
CURRENT AT MAX PONER .... I .ME 01 AMPS
PONER CONDITIONIN1 ...... NONE

,THERMAL OUTPUT CNRTTS).. 7.3EE 02 ]D 70
rUEL ACTIVITY (CURIES).. I.MBE ME E

VOLTRHE CV) PONER CP)
VOLTS Wf9TTS

m I

I.A 1

CURRENT ( I) ew
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SENT INEL-1I00F

HPPL ICABLE RTI3 NE35 OH I

PHYS ICAL CHARACTER IST ICS,

WEIGHT CPOUNDS) ........ 2.2 9
PRESSURE HULL RATING CPSI) 5.0 02
PRESSURE HULL MATERIAL.......... SLUMINUM
THERMOELECTRIC MATERIAL......... PBTE

FUEL ING I NFORMATIN

FUEL TYPE...........................SR-90
FUEL ING DATE.......................MAY 72
FUELEDY THERMAL WATTS............~ ;3.E0
FUELEDY CUR IES.....................~ 3-3E0

ELECTRICAL- CHARACTERISTICS: AS OF OCT 73

MAXIMUM POWER..................... I.HkoE 02
VO3LTAGE AT MAXIMUM POWER....... 9. 5E 00
CURRENT AT MAXI-MUM POWER..... 1.53E Of

58



59



~SNRP-7E

RPPLICRBLE RTS NOS, S7E

PHY5ICHL CHRRnCTERI'TIC,'
WS:IGHT CPOUNDS) ....... .. . H.SZE 0]3

PRESSURE HULL RRTING (PEi) ... .OE OH
PRESSURE HULL MHTERIRL ....... STEEL
THERMOELECTRIC MRTERIRL ...... PBTE

FUELING INFORMRTION

frUEL TYPE ..................... SR-i FUELING DRTE ................. MHR 15
FUELED THERMRL WRTTS ......... Z.1IE MFUELED CURIES ................ 3. IZE IZHL

ELECTRICRL CHRRRCTERISTICS: HS OF JRN 71

MRXIAUM POWER .... ............... 3.BE 00
VOLTRE HT MRXIMUM POWER ..... 3.50E 0
CURRENT RT MRXIMUM PMWER I.!IE 00

i °g

oN

Llk

IJ

IA
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ENHP-2 I

SPPL I CF1LE: RTIS NO3S: SP I -PH 02, 043I

IPHYS ICHL CHRRRCTERIJST ICS,

WEIGHT CPOUNDS) ........ G.S 0
PRESSURE HULL. RSTING CPS1) [. .ZOE V
PRESSURE HULL MRTERIFIL ... BERYLC[
THERMOlELECTRIC MRTERIRL .. PBTE
FULEL TYPE ........... SR-SM
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RTIE-0HB3 F'RFOERMHNCE DHTH
IZI DEC 77

AMBIEN~T TEMPt 20.S sC

V R*l*I + B3*I + C *1]A = I .L3E-0 I

A *l*I*I + B*I*I + C*CI 12.03E Of

MAX PO WE........ I .06F' 01 WATTS
VOL-TFIGE AT MRX POWER .... H.7HE 00 VOLTS
CURRENT ATr MAX POWER .... 2.23E 00 AMPS
POWER CONDITIONINE.. NONE

THERMAL OUTPUT CWATTS).. 2.IEE 02
PUEL ACTIVITY (CURIES).. 3.8 0Hj AY7

VOLTRi3E CV) POWER CP)
VOLTS WRTTS

12 In

-90 N9 min

CURRENT C 1) iqms
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SNRP-23IH

MPPL:CFILE RTS NOS, 14H

PYI CFL CHRRHCTE~iS T ICS,

PRES. HuILL RIT I NG C PS I) ... TEIRRESTRIPIL
PRESSURZ HULL MSTERiFIL..........INCtONEL
THERMIJELECTtR!C MRTERiM ......... PBTE

FUELI NG I NFDRMRT ION2

FUEL TYPE........................SR0
FUEL ING DSTE......................N13V SS
FUELED~ THERMEIL WRTTS............. 1.13E 03
FUELED~ CUR IES..................... I.EEE OS

ELECTRICIL CdFiRMCTERISTICS' RS OF JUN 77
MRXJMUM POWER ................... H.EIE of
VOLTRGE FIT MRXIMUM POWER......... [.SSE 01
CURRENT STi MFSXIMUM P~OWER......2.7SE 00

24"
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FIPPL ICABLE RTtG N13S 1[-0 18

PHY I CFIL CHFIRFICTERI STI CS:
WEIGHT CPDUNI'S) ........ aHEEZ
PRESSLRE HULL RRTIN3 CF'SI) ... 1.0 OH
PRESURE HULL MRTERIRL.......... CU-NI

-tTHERMOlELECTRIC MPITERIMIL.........SITE
FUEL- TYPE.........................SR0
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RTE-017 PERFORMRNCE DRTRii~1 ftI JFN 7S
AMBIENT TEMPt 1 . IC
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CHAPTER FIVEI RADIOISOTOPE THERMOELECTRIC GENERATORS AVAILABLE FOR LOAN

5.1 INTRODUCTION. The Navy has in its inventory a number of RTGs that can be provided on a loan
basis to federal agencies for worthwhile Pr.jiects. Electrical character-stics of the currently available generators are
listed below. Should none of these RTGs suit your project requirements, other solutions are possible. Series-paallel
combinations of various generators, use of power conditioning equipment, and/or procurement of different models
provide a wide range of voltage and po"'er. For additional information or technical assistance in determining suit-
ability to your special application, contact the Naval Nuclear Power Unit, Port Hueneme, CA. Telephone

-T (805) 982-5323 or ALJTOVON 360.5323.

5.2 RTGs AVAILABLE FOR LOAN.

Power Voltage
(watts) (volts) Model RTG No.

0.31 1.22 IMPS MRTG 1
0.53 6.51 Half-Watt GPOO03
0.41 5.73 Half-Watt GPOO04
0.51 6.42 Half-Watt TPOO05
0.42 7.04 Half-Watt NP0007
0.41 8.1t5 Half-Watt NP0008
0.98 1.14 URl'S-P1 017
1.27 24.7 Millibatt-1000 033
1.27 24.7 Millibatt-1000 034
1.27 24.7 Millibatt-1000 035
1.27 24.7 Millibatt-1000 036I.2 4.7 Miiat-10 3
1.27 24.7 Millibatt-1000 039

1.7 2.73 Menilt-100 040

35.4 3.10 Sentinel-25F 020
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CHAPTER SIX

OBTAINING A RADIOISOTOPE THERMOELECTRIC GENERATOR

6.1 PROCEDURE. Requests for RTGs should be forwarded to the Officer in Charge (Code 70) Naval
Nuclear Power Unit, Port Hueneme, CA 93043. The request should include information describing the system to be
powered by the RTG(s), its pe- 'r and voltage requirements, the length of the mission, the location of the mission,
the ambient pressure and temperature, and any weight or size limitations which may exist.

6.2 SERVICES PROVIDED BY THE NAVAL NUCLEAR POWER UNIT (NAVNUPWRU)

6.2.1 NAVY CUSTOMERS.

6.2.1.1 Procurement. NAVNUPWRU will provide RTGs from the Navy's existing inventory or assist the User in
writing specifications for new RTG(s) and contract for procurement with funds provided by the User.

6.2.1.2 Shipping. NAVNUPWRU will coordinate and schedule all RTG shipments.

6.2.1.3 Training. NAVNUPWRU will provide radiological safety training for personnel who will use and be respon-
sible for the RTG(s).

6.2.1.4 RTG Operation and Safety Plan Preparation. NAVNUPWRU will assist the User in preparing this plan.

6.2.1.5 Radiological Safety Support. NAVNUPWRU will provide all, or part of the support required to assure
radiological safety during the implant mission, depending upon the capabilities of the User.

6.2.2 OTHER FEDERAL GOVERNMENT CUSTOMERS.

6.2.2.1 Procurement. NAVNUPWRU will loan RTGs to other federal agencies so long as the loan does not interfere
with Navy requirements and the proper Nuclear Regulatory Commission License iias been obtained. If satisfactory
RTGs do not exist in the Navy's inventory, NAVNUPWRU will provide basic procurement guidance to the agency
desiring RTGs.

6.2.2.2 Shipping. NAVNUPWRU will assist users in coordinating and scheduling RTG shipments.

6.2.2.3 Training. NAVNUPWRU will provide radiological safety training to user personnel on a cost reimbursable
basis.

6.2.2.4 NRC Licence Application. NAVNUPWRU will provide basic instructions on the preparation of the NRC
license application.

6.2.2.5 Radiological Safety Support. NAVNUPWRU will provide the support required to assure radiological safety
during the implant mission on a cost reimbursable basis.

6.3 COST.

6.3.1 NAVY CUSTOMERS. Users must pay for hardware required to mate the RTG(s) to the system it will power
and transportation charges for shipments outside the limits of the Continental United States.

6.3.2 OTHER FEDERAL GOVERNMENT CUSTOMERS. Users must pay for hardware required to mate the
RTG(s) to the system it will power and all shipping charges.
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