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PREFACE

This document disseminates information on the development and application of radioisctope thermoslectric 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, sumnmarize 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 mode! of RTG in the Navy’s
inventory.
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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 the Naval Nuclear Power Unit zre provided. A table is presented which
lists ATGs in the Navy's inventory that are not presently assigned to missions and are available for loan.
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Suggestions forimproving the effectiveness of this publication and the Navy’s RTG Program will be welcomed, as will
requests for more information or additionai 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)

982-6323 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
RADIC!SOTOPE THERMOELECTRIC GENERATORS

1.1 RADIOISOTOPE THERMOELECTRIC GENERATORS. Nuclear energy usually calls to mind
large concrete-domed reactors capable of generating hundreds of megawatts of electncal power for the utihity indus-
try. in just the last 20 years, however, the atom has beer put to a much more modest use in a type of electrica!
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 & : 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 neat
source, therial 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 matenial 1s 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 emplioying 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 personne! protection. The low voltage produced by the thermoelectric converter is normally

transfermed 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 Strontium-90 and
Plutonium-238. Differences in their radiation, half-lives, and cost result in significant differences in their application.
Plutonium-238 has been used extensively in space applications because of its relatively longer half-life (86.4 years
versus 27.7 years), its minimum shielding requirements, and consequent light generator weight. Because of its fong
half-life and radiation characteristics, Plutonium-238 is also used irn biomedical applications such as the miniature
nuclear bztteries in heart pacemakers. Strontium-90, because it can be obtained more economically, is used in terres-
triat applications even though heavy shielding is required due to bremsstrahlung production.

1.3 RTG APPLICATIONS. Many advantages can accrue through the use cf RTGs in lieu of conventional
power generating devices when special requirements arise, RTGs provide reliable, long term unattended operation
ideal for remote or inaccessible areas such as outer or dark space, the ocean floor, the arctic and antarctic 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 {Systems for Nuclear Auxiliary Power) series of RTGs is being used exten-
sively to power navigational and weather satellites, deep space probes such as the two Viking Landers which rest on
Mars, and scientific equipment such as the Apolio Lunar Surface Experiment Package which remained on the moon.
Terrestrial applications such as remote weather facilities 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.
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CHAPTER TWO
APPLICATIONS OF RADIOISOTOPE THERMOELECTRIC GENERATORS

21 GENERAL APPLICATIONS

211 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, chemicaliy non-polluting, high energy den-
sity (compact size), extreme safety and high adaptability to harsh environments. These characteristics give RTGs
many advantages over conventional power generating devices in many situations, some of which are described below.

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-vear 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 mgnning of systems
is inspractical or impossible, or where replace, 1 systems is difficult, or dangerous, or costly. Examples of such
areas include: outer space; remote terrestrial loc +ons such as islands, mountainous areas, and polar regions; under-
sea locations; sea surface locations; and inside the human body. Typical uses of RTGs in such remote locations in-
clude power for meteoroiogical and oceanographic sensors and data collection systems, communications systems,
navigational aids, and undersea surveillance 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 Aicmic Eneryy Agency and the Nutlear Regulaiory Commission.
This insures the safety of personnel during normal conditions of transport and handiing and also under certain hypo-
thetical accident conditions which may occur during shipment or implant. For example, RTGs designed for undersea
use include a pressure 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 detrimentatiy affected by exposure to a corrosive atmosphere, there is no effzct on the
RTG because it is a sealed system.

215 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 iife-cycle cost, the use of RTGs in long-term missions is often more cost effective than any
other type of power source.
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2.2 RECENT APPLICATIONS AND CURRE™T MISSIONS

221 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 fight 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-DC converted 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 fength of this narrow
mountain pass. It is now possible for 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 these five stations has con-
frirmed the suitability and reliabihty of RTGs for remote, unmanned communications stations: as a result, fuiure FAA

plans call for RTG-powered stations to replace the remaining two criginal repeater stations presently powered by
propane-fired thermoelectrics.

2.2,1.2 RTG Powers Oceanographic Sensors at Fairway Rock, Alaska. A 25-watt Sentinel-256A RTG (formerly
designatea LCG-25A) was installed on 11 August 1866 on Fairway Rock, an island in the eastern part of the Bering
Strait {Figure 2-3), to provide power for oceanrographic 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 reliability 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.

Figure 2-1. Lake Clark Pas: iooking Southwest from

Figure 2-2, Commvanicstions Relsy Station Five with
Relay Station Five.

Sentinel-25F RTG (Undemeath Structure).
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Figure 2-3. Fairway Rock; RTG is Located on

the Platsau on top of the Rock

of Operation. Original Telemetry Antenna
has been Replaced; Okd Propane Tanks in
Background were part of Power System
Replaced by the RTG.

Figure 2.5, The RTG After Several Years

Figure 2-4. Original Installation of the
RTG Deployad in its Shipping Container;
Antennaon Left is for Telemetry of Data.
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2.2.2 ANTARCTIC MISSIONS
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RTG Powers tnfrasonic Research Station ot Windiess 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 lce Shelf
on 23 November 1976, see rigures 2-6 and 2-7. A Navy 10-watt SNAP-21 RTG not only provides 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.
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The Natinral Science Foundation and University of Alaska deployed this research station as part of an effort to
understand the complex interaction becween 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.

Figure 2.6, Erecting Prefabricated Building Around the RTG; Nodwell Vehicle is in Hole Dug to Facilitate
Unloading of RTG.




