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There are a variety of space applications for
radi oactive materials, both on spacecraft and on
| aunch vehi cl es. These applications range from
power generation to the use of radioactive sources
for radiation neasurenent references, instrunent
calibration, irradiation experinents, electronic
circuit conponents, or for structural purposes,
usual ly as ball ast. The key characteristics of safety interest
which differentiate these applications are the types and anounts of
radi oactive source material they use and the |levels of radiation
i nvol ved.

These materials emt ionizing radiation (as by-products of the
process of radioactive decay) of different types and at different
rates, according to the type, anount, and usage of the source.
This radi ation may, therefore, be relatively benign, or may pose a
potential health hazard, or may be capabl e of damagi ng or affecting
the operation of sonme types of equipnment. 1In the extrenme, and in
sufficient quantities, certain of these materials can sustain the
critical or even super-critical reactions which result in neltdown
or detonation.

Applicants for a |license to conduct commercial |aunch activities
i nvol ving radioactive materials (radionuclides) nust conply with
regul atory requirenents concerning their use. As the regulatory
agency assigned the overall responsibility for ensuring public
safety from hazards associated wwth U S. comercial space |aunch
activities, OCST nust oversee that conpliance. Li censees using
Federal ranges wll have to conply with established Range Safety
procedures related to both regulatory and safety requirenents. |f
such a launch is to be conducted froma commercial facility, OCST
wi Il have to provide nore detailed oversight.

As an aid to assessing and preparing for that oversight role,
t hi s docunent addresses:

. A Techni cal and Term nol ogy Revi ew

= Typi cal Applications Rel evant to Space or Space Launches
= Cl assifications of Radioactive Sources

= Agenci es Involved in the Nucl ear Safety Process

= Publ i ¢ Concerns and | ssues Rai sed Regardi ng Past Launches

of Payl oads Using Radi oactive Materials

= Key Safety |Issues, as Perceived by the National Ranges



TECHNI CAL AND TERM NOLOGY REVI EW

The following is a brief review of the physical nechanisns and
techni cal term nol ogy associated with the subject, wth which the
reader may not have maintained currency. VWiile not a detailed
primer on nucl ear physics, it is intended to address the subject in
sufficient depth to convey an understandi ng of the inplications of
nucl ear materials use in comercial space vehicles.

At om ¢ Nunber: the nunber of protons in the nucleus of an atom of
a given chemcal elenent (as listed on the Periodic Chart);
its val ue establishes the basic characteristics of an el enent.

Atom c Weight: roughly, the total nunber of protons and neutrons
(which are of equal mass) in an el enent's nucl eus;

| sot ope: one of several forns of an el enent, having the sane atom c
nunber but slightly different atom c weights;

Nucl ear Reaction: a reaction that alters the energy, conposition,
or structure of an atom c nucl eus;

Nucl i de: an atom c nucl eus specified by atom ¢ nunber, atom c nass,
and energy state; "Radionuclides" are radioactive nuclides;

Nucl ear Di sintegration: natural
or induced _transforrration of
atomc nuclei froma nore to a

less mas-sive configuration, Relative Penetration Capability
rel easing one or nore |onizing of a, 8, and Y Radiation

Radi ation type: alpha (a) or
beta (pB) particles and in sone ,
cases, gamma (y) rays. a i .

particles are positively charged . short range, easily stopy
hel i umnuclei, while (3 are high-

speed el ectrons or positrons; a B - several meters of air or a
stream of either type may al so

be called a ray. y rays are

el ectro-magnetic radiation of T-  long range, will penet

very short wavel ength. O the
three types, vy rays pose the
nost severe hazard, followed by
B and a, respectively. The L i :
rel ati ve penetr ati ng power of Fi gur e 1 Rel ative Penetration
each type is shown in Figure 1. Capability

| oni zi ng Radi ation: radiation which can produce ions (atons/groups
of atonms with a net negative or positive charge due to gain or |oss
of an electron) in electrically neutral target material;

Radi oactivity: em ssion and propagati on of rays or particles from
unst abl e atom ¢ nuclei (see Radioactive Decay) or as a result of a
nucl ear reaction; inert materials may becone radioactive when
exposed to this ionizing radiation.
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Radi oactive Decay: decrease in the radiation intensity of a radio-
active material over tine, generally acconpani ed by em ssion
o or B particles and/or vy radiation;

Radi ot oxi city: poisoning effects of exposure to radioactivity; the
direct effects on humans, call ed Radi ati on Si ckness, vary with
the intensity and duration of the exposure. They may progress
fromfatigue, nausea, vomting, headache, and di arrhea shortly
after exposure, to loss of hair and teeth, reduction in both
red and white bl ood cell count, inability to resist infection,
henmorrhagi ng, prostration, sterility, and death. The secondary
ef fects of exposure include increased occurrence of cancer.

The early clinical effects of acute radiation doses, i.e.
received within a period of about one day, over the whol e body
(as they m ght be in an accident or the explosion of a nuclear
weapon) are summarized in Figure 2. Because the effects from
a gi ven dose of radiation vary according to the individual and
the circunmstances, the figure shows five dosage ranges where
the effects are sonewhat simlar. For doses up to about 1,000
rads, the blood-form ng systemis nost affected by radiation;
for larger doses, first the gastrointestinal tract and then
the central nervous system suffer major danmge.?

ACUTE DOSE
| N RADS PROBABLE CLI NI CAL EFFECT

0to 25 No observabl e effects.

25 to 100 Slight bl ood changes; no other observable effect
100 to 200 Vomting in 5to 50%wthin 3 hours; fatigue and
appetite | oss. Mdderate bl ood changes, but
ot herwi se recover within a few weeks.

200 to 600 Vomting, etc. in 50 to 100% w thin 3 hours. For
doses over 300, effects in 100% w thin 2 hours.
Hair | oss after 2 weeks. Severe bl ood changes,
henorrhagi ng, infection; death in 0 to 80% w t h-
in 2 nonths. Survivors recover in from1 nonth
to a year.

600 to 1,000 Vomting within 1 hour. Severe bl ood changes,
henorrhagi ng, infection, and | oss of hair.

Death of 80 to 100% within 2 nonths; survivors
conval escent over a | ong period.

Figure 2: Early Effects of Acute Wol e-Body Radi ati on Doses

Rad: a unit of absorbed radi ati on equal to 100 ergs/gram(see Rep);

Radi oacti ve | sotope or Radi oi sotope: an unstabl e i sot ope, produced
either naturally or artificially, which is subject to decay by

nucl ear disintegration, thereby releasing ionizing radiation
(particles, rays) and/or energy in the formof heat;



Fission: the splitting of atom c nuclei, usually into two fragnments
of conparabl e mass, rel easi ng heat energy and neutrons. It is
comonly induced by the inpact of slow neutrons, thenselves

rel eased by fission. Fi ssion produces additional highly
active radioi sotopes, and if uncontrolled, nmay reach a super-
critical level, leading to a neltdown or nucl ear expl osion.

Controll ed Fission: a self-sustaining chain reaction controlled at
sone desired level, as to generate heat in a nucl ear reactor.
The packagi ng of a reactor incorporates means to both noderate
(sl owthe speed) and control (limt or regul ate their nunbers)
t he neutrons rel eased.

Critical _Mss: the mninmum nass of a given fissionable materia
needed to achieve a self-sustaining chain reaction;

Units of Measure

Several neasures are used to express the quantity of radi oactive
material (by its mass or weight, usually in metric units) and/or
t he anobunt of radiation emanating fromit (by the nunber of nucl ear
di sintegrations per unit time which will yieldionizing radiation):

Curie: that quantity of a radioactive material which will undergo
3.7 x 10 disintegrations per second. Since this is a very
high |l evel of activity, either MIllicurie (1/1,000 curie) or
Mcrocurie (1/1,000,000 curie) are nore often encountered.

Half-life: the time required for the nunber of radioactive atons

of an isotope (in a sanple) to decay to one-half that nunber.
Each radi oi sotope has a characteristic, exponential rate of
decay, and thus a unique half-life (ranging fromm/l|liseconds
to many t housands of years for different radi oi sotopes) which
must be considered in safety requirenments, especially those
for long-termstorage. The radi oactive decay process produces
a radi oactive series of isotopes, successively lower in atomc
wei ght, the last or "lightest" of which wll be stable.

Specific Activity: the relative intensity of the radioactivity of
a source, expressed in curies per gramof the material. For a
pur e radi onucl i de, specific activity isinversely proportional
to the product of the isotope's” half-life and nass nunber.
The benchmark material for this nmeasurenent i s Radi um (ggRa%?®);
its specific activity has been assigned the val ue of unity?
as its calculated activity is close to 1.

* The specific activity may be cal culated using the follow ng
rel ati onshi p:
1.13 x 10%
Specific Activity = (curies/gram
TA
where T = half-life (years, m nutes, seconds, etc.)
and A = atom c nass



Roent gen: that quantity of ionizing radiation (X-rays or y rays)
that will produce one electrostatic unit (esu or statcoul onb)
of charge in one cubic centinmeter of dry air, at standard
t emperature and pressure.

Rem (roentgen-equivalent-man): that quantity of radiation which,
when absorbed by a human, w Il produce the sane effect as
absorption of one roentgen of high-voltage X-rays.

Rep (roentgen-equival ent-physical): neasure of the nunber of ion
pai rs produced, per unit volunme of target nmaterial, per unit
time. In tissue, one rep is equivalent to the absorption of
93 ergs (energy) per gramof the target material.

SPACE APPL| CATI ONS COF RADI QACTI VE SOURCES

Radi oacti ve sources have a variety of uses in space, ranging from
power generation to instrunentation. The follow ng are exanpl es of
typi cal space applications:

React or Power Systens use the heat energy fromcontrolled fission
to drive some formof electric power generator. The U. S. flight-
tested a reactor in 19653 with the | aunch of the SNAP- 10A ( Systens
for Nuclear Auxiliary Power) device aboard an Atl as- Agena vehi cl e,
the only such launch to date, while the U S.S.R has | aunched over
twenty reactors. The SP-100 wll be the first test unit under the
Mul ti-Megawatt Reactor program a joint venture by DOE, DoD, and
NASA to devel op |l arge reactors for space use.

A newreactor fueled with enriched Uranium 238 renmai ns rel atively
beni gn with respect to the production of thermal and ionizing radi-
ation until the fission process is initiated. The requirenents for
shielding are at their m ninuns, and the radiation protection and
heat di spersion neasures will not see their design |loads until the
vehi cl e has reached orbit and the reactor is activated. Radiation
fromthe fission process nmay begin to activate previously inert
materials in the structure of the reactor "device" (generally at
| ow | evel s), and possibly parts of the vehicle in which the device
isinstalled, as well. G ven these characteristics, the on-orbit
activation is an effective safety neasure.

Radi oi sot ope Power Systens, which either use the heat rel eased
during radi oacti ve decay (e.g., of Plutonium 238) to generate el ec-
tric power or convert it directly into electricity, have been used
frequently in the U S. space program and even nore frequently in
that of the U S.S.R Radi oi sotope Thernoel ectric Generators (RTG
convert heat energy into electricity through thernocouples. The
Dynam c | sot ope Power Source (DI PS) uses heat in a closed Rankine
or Brayton cycle to power a turbine-alternator, operating at higher
thermal efficiency than the RTG



Devi ces using radioactive decay, rather than fission, as their
heat source are active at full thermal output® as soon as they are
fuel ed, and both thermal and radiation protective neasures nust be
in effect at the time of fueling. |In four accidents or incidents
involving U S. spacecraft carrying RTGs, all safety systens have
functi oned as desi gned, and no unpl anned rel eases resulted.

Figure 3 illustrates domains, ,
with respect to required power | =~ "r-— -
level and mission duration, |, = - | &=
where each type of space power .
source (including non-nuclear | ™=
sources) seens to best suit |
requi renments. Qher factors | &7
may influence the choice, [  ™F
i ncluding cost and the need for 1 e
radi ation shi el di ng, wi th '
possi bl e wei ght penalties. For i
a vehicle which has to traverse
the Van Allen radiation belt,
an environnment not conducive to o , - _
the use of solar panels, or go " oo e vemes

into deep space, where solar L T
energy flux is of insufficient Flgure 3. Applicability of Space

intensity to pernit the use of FEl €ctrical Power Systems

solar panels, the NPS may be
i ndi cat ed.
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The desi gn advantages of the NPS include their conpactness and
long service life. Selection of a particular type of NPS woul d be
based on the functional m ssion and both the nagni tude and duration
of the power requirenments; current conceptual designs consider both
t hermocoupl es (as on an RTG and heat cycles with a turbogenerator
as the neans of converting heat to electricity.

Envi ronmental Heaters utilize the heat from radi oactive decay
directly, rather than to produce electricity; they are not a type
of NPS, and nmay use either maj or or m nor sources, according to the
application. The Light Weight Radi oi sotopic Heater Unit (LWRHU) is
used to provide heat to surrounding equipnment on interplanetary
spacecraft.

M nor Radi oactive Sources, used in applications other than power
generation, may involve quantities in the mllicurie or mcrocurie
range. One such application is in electronic circuit conponents
such as tubes of a class referred to as "gas" or "gas-filled". This
type of tube is used in the "electronic trigger" portions of the
engine igniters or flight termnation system(FTS) firing circuits
on launch vehicles, rather than in payl oads. They enploy "cold
cat hode" gas diodes containing a very small anmount of radioactive
material, used to establish and maintain aninitial |evel of ioniz-
ation of the gas in the tube.




The Centaur Upper Stage, used with the General Dynamcs Atlas
Booster, enploys two "discharger electron tubes"; one in each of
the RL-10 engine ignition circuits. These tubes use a radi oi sotope
of krypton gas (Kr®)" for gas tube excitation. The FTS circuits
on t he Exoat nospheric Re-entry I nterceptor Subsystem(ER S) vehicle
enpl oy a radi oi sotope of nickel (xNi®). The circuit design uses
t he tubes nore as pul se-shapi ng devi ces than for the characteristic
constant vol tage/varying (high) current capabilities of gas di odes.

Larger quantities of radioactive material may be used on space
vehicles and still qualify as m nor sources. Depleted Uranium 238
(fromwhich the U- 235 normal | y present has been extracted) is often
used as ballast; its density is approximately 1.67 times that of
lead. Its radioactivity nmakes no contribution in this application,
but it nust be treated as a m nor source.

O her uses for mnor sources are varied, but nost involve mnute
guantities. Radi ati on nmeasuring instrunents frequently enploy a
sanpl e of known intensity for calibration purposes, or to provide
a reference |l evel against which to conpare the target radiation.
M nor sources may be used in scientific experinments where the
thrust is to conpare phenonena observed on earth with conparable
observations nade in the space environnment.

As noted previously, the characteristics of safety interest which
di fferentiate power generation applications fromother applications
are the amounts of radioactive material and the radiation |levels
i nvolved. Typically, a nuclear power systemw || contain a "nmajor"
source consisting of material which is highly radiotoxic; while a
"mnor" source for some other use may also be highly toxic, the
quantities are snaller, as explained bel ow

" General Dynami cs Corporation, Application for Launch License

to the Ofice of Commercial Space Transportation
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CLASSI FI CATI ONS OF RADI OACTI VE SOURCES

Two schenmes of classification are relevant to space-related
applications; the one used by the Nuclear Regulatory Conm ssion
(NRC)", as the basis of its regulatory framework, and that used by
t he National Aeronautics and Space Council (NASC) "™ (and foll owed
by the Departnent of Defense) as the basis for determ ning safety
review and reporting requirenents. The NRC regul ati ons address
"Speci al Nuclear Material"™ (enriched Uraniumor Plutoniumused for
weapons or nucl ear power) and "Byproduct Material" yiel ded or nade
radi oacti ve when special nuclear materials are produced or used.

I n 1970% the NASC adopted the International Atoni c Energy Agency
(1 AEA) "d assification of Radioisotopes"®  Radioactive nmaterials
are grouped according to relative radiotoxicity, a function not
only of the activity of the material, but also of the severity and
characteristics of the biological effects from exposure to their
radi ati on. Each radioi sotope is assigned to one of four G oups;
Goup | is the nost hazardous and Group IV the |l east. These G oups
are based on maximum perm ssible intake, primarily by way of
i nhal ation (note: this is a different neasure from "acute dose").

The NASC cl assi fied radi oactive sources incorporating 20 or nore

C of material in Radiotoxicity Goup | or Il, or 200 or nore G in
Goup Il or IV, as "Major". Any |launch of a maj or source requires
Presidential |evel (or equivalent) approval. These sources are
usual Iy for nucl ear power systemapplications. "Mnor" sources are

those containing Goup | through IV materials in smaller anmounts
than those cited above. Wiile they do not require Presidentia
approval for |aunch, mnor sources are subject to a set of safety
anal ysis and reporting requirenents which are described later in
this report. Figure 4 shows where sone typi cal space and non-space
applications fit into the NASC cl assifications.

*

The Atom c Energy Conmm ssion (established by the Atomc
Energy Act of 1946, as anended by the Atom c Energy Act of 1954)
exerci sed extensive licensing and related regulatory functions.
The Energy Reorgani zation Act of 1974, 42 U S.C. 5801 et seq.,
abolished the AEC, and established the Nuclear Regulatory
Comm ssion (NRC) as an independent regulatory agency, under
Congressional oversight and functionally separate from the
Executive Branch of the Governnent.

" The National Aeronautics and Space Council was established
by the National Aeronautics and Space Act of 1958, the sane Act
t hat established NASA. It was chaired by the Vice President of the
US., wth the Secretaries of Defense and Transportation, the NASA
Adm ni strator, and the Chairman of the AEC as nenbers. The counci
functioned to advise the President on matters pertaining to aero-
nauti cs and space activities conducted by U S. departnents and
agencies. The NASC was abol i shed by Reorgani zation Plan No. 1 of
1973, effective June 30, 1973.



CLASSES

APPLI CATI ONS

RADI OACTI VE MATERI ALS

MAJOR SOURCES

PONER REACTCRS

ENRI CHED URANI UM 238

RADI O SOTOPE THERMAL
GENERATORS

PLUTONI UM 238
CURI UM 242
STRONTI UM 90

DEEP- SPACE HEATERS

PLUTONI UM 238

M NOR SOURCES

RADI O
TOXIC TY
GROUP |

RADI O
TOXIC TY
GROUP | |

RADI O
TOXIC TY
GRP |11

RADI O
TOXIC TY
GROUP |V

STATI C ELI M NATCRS

POLONI UM 210

BOVB DETECTCRS

CALI FORNI UM 250

CALI BRATI ON SOURCES

AMERI CI UM 241

TUMOR | MPLANTS RADON- 222
("GOLD SEEDS")
ELECTRON TUBES KRYPTON- 85
COBALT- 60
SPARK GAP | RRADI ATORS COBALT- 60
RADI ATI ON THERAPY
SELF- LUM NOUS | NSTRUMENTS|| KRYPTON- 85

COUNTERWEI GHTS ( BALLAST),
SHI ELDI NG PHOTOGRAPHI C
MATERI ALS, FI RE DETECTORS

NATURAL OR DEPLETED
URANI UM

SYNTHETI C PLASTI C RESI NS | SCANDI UM 46
ELECTRON TUBES NI CKEL- 63
CESI UM 137
PROVETH UM 147
M CROMAVE RECEI VER TRI TI UM
PROTECTOR TUBES
SELF- LUM NOUS | NSTRUMENT | TRI TI UM

AND WATCH DI ALS, MARI NE
COVPASSES

PROVETH UM 147

FLOW METERS

CESI UM 137

FI GURE 4: Exanpl e Applications




AGENCI ES | NVOLVED | N THE NUCLEAR SAFETY PROCESS

NRC Li censi ng

The NRC |icenses and regul ates civilian uses of nucl ear energy.
NRC | i censes are required authorization for a variety of activities
i nvol vi ng manuf acture, production, transfer, receipt, acquisition,
and ownershi p of nuclear materials, including the construction and
operation of power utility nuclear reactors’. The NRC is charged
to protect both public health and safety and the environnent, and
its decisions are subject to judicial reviewby the Federal courts.

NRC does not regul ate nost Departnent of Energy (DOE) activities,
except for licensing of DOE high-Ievel radioactive waste di sposal
repositories. Special nuclear materials which are produced by DCE
for DoD or NASA are exenpt from NRC |icensing, based on national
defense interests. Nor does the NRC regul ate DoD nucl ear power
reactors, such as those used on U.S. Navy shi ps.

The NRC regul ations are contained in CFR 10, Chapter |, Nuclear
Regul at ory Conm ssion (Parts 0-199). The primary regul ati ons that
cover licensed activities are:

= 10 CFR 30 - Rules of General Applicability to Donestic
Li censi ng of Byproduct Materi al

= 10 CFR 40 - Donestic Licensing of Source Materi al
= 10 CFR 70 - Donestic Licensing of Special Nuclear Mteri al

Typically, the party responsi ble for the m nor source radi oactive
material nmust apply to the NRC for a license (under 10 CFR 30) for
possession or use of the material. The application wll specify
that the source materials will be used in a launch. As they relate
to the use of nuclear materials in space, the NRC also controls
m nor sources and activated materials under the terns of general

i censes*. Each reqgulation cited above also lists certain
exenptions, based on the use, concentration, or quantity of the
radi oactive material. For exanple, 10 CFR 30 exenpts electron

t ubes containing less than 30 mcrocuries each’.

NRC gui delines require that re-entering radi oactive materi als be
recovered, if they can be (NRC does not expect or require recovery
if the materials inpact in deep ocean areas.) Recovered materials
must be pl aced in appropriate containers for shipnent to, and then
burial at, a licensed radioactive waste disposal facility.

*

These tubes, however, nust be provided by a |icensed manu-
facturer. The intent of this requirement is to ensure that the
quantity limtation is net, rather than to assure safety. The
licensing process for manufacturers also addresses disposal
concer ns.
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The Departnent of Ener DOE

The Departnent of Energy devel ops mmjor source nucl ear systens
for weapons and DoD or NASA power sources. DOE is the authority
assuring the safety of these systens while under devel opnent, but
an NRC license is required prior to systemoperation by the using
agency. Maj or sources in space applications undergo extensive
review by the Interagency Nuclear Safety Review Panel, wth DCE
participation, as described later in this report.

NASC/ OSTP_Revi ew Process

As introduced earlier, NASC classified radi oactive materials for
space use into maj or and m nor sources. WMajor sources are subject
to an extensive review process invol ving the user agency or organi -
zation, an Interagency Nucl ear Safety Review Panel, and the | aunch
range. NASC defined three Nuclear Safety Review Categories ("A",
"B", and "C') of m nor source analysis and reporting requirenents,
and set upper limts for the amounts of material from each G oup
whi ch woul d require each Category of safety review, reporting, and

approval for launch. These Categories are shown in Figure 5.
NUCLEAR MAXI MUM QUANTI TI ES OF SOURCE MATERIALS IN CURIES (C)
SAFETY
REVI EW Radi ot oxi ci ty |Radi ot oxi city |Radi otoxi city | Radi otoxicity

CATEGORI ES G oup | G oup I Goup Il Goup IV

Cat egory A < 20 G < 20 G < 200 G < 200 G

NASC/ OSTP
Staff Review

Category B < 1.0 nC < 50 nCi <30C <20 G
Agency Approv;
OSTP Qrly Rpt

Category C
No Reports

[ See Appendix A to this
assi gned by i ndivi dual

report;
r adi onucl i de,

Category Climts are

not by G oup]

Figure 5. Nuclear Safety Review Categories

When t he NASC was abolished, its role in the reviewand reporting
process was assunmed by the O fice of Science and Technol ogy Policy
(OSTP). The NASC gui delines for both naj or and m nor source review
and approval remain in effect, and are also used in the reviews
conducted by the Departnent of Defense (DoD) ranges for both major
source (AFR 122-158%) and m nor source (AFR 122-16° | aunches.

The Category A reviewprocess i s the nost extensive of the three,
and the reviewreport nust be submtted to OSTP for approval. This
report consists of a letter or nenorandum di scussing the purpose,
schedul e, on-orbit duration, and orbital paranmeters of the m ssion;
the device(s) containing the nuclear materials, and the quantity
and type of materials used; and the concl usi ons drawn on t he safety
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consequences of any potential problemscenarios (including alaunch
m ssion failure or abort), and of the planned re-entry.

In certain cases, the action agency nust provide a brief Safety
Anal ysis Sunmary (SAS) which lists the characteristics of the
radi oi sotope materials, the consequences of an abort or worst-case
acci dent, relevant safety procedures, and the recovery pl ans, where
appropriate. In order for the OSTP staff to acconplish its review,
the Category A report should be submtted a mnimum of six weeks
prior to the planned | aunch date.

Category B reviews require "user agency" approval, wth quarterly
reporting to the OSTP; these reports nust be submtted a m ni num of
two weeks before | aunch. Category B reports |ist planned | aunches
of nuclear materials (in tabular form, specifying the spacecraft
and m ssi on paraneters, the | aunch site and schedul e, the nunber of
sources, and types and anounts of radi oactive nmaterials contained.

Category C materials are exenpt fromany reporting requirenents
outside the user agency. No safety analysis is required, beyond
confirmation that good safety practices are in effect and that the
cumul ative anmobunt of an isotope does not, in fact, exceed Category
Climts, even in nmultiple sources. Appendix Ato this report is
a listing of radionuclides by G oup, show ng the maxi num quantity
(activity) of each for which Category C safety review

The cunul ative quantity determ nes the appropriate Category for
each Radiotoxicity Goup. Should there be sources frommultiple

Groups on a single vehicle, each will be prorated and their sum
will determ ne the Category. In the Centaur exanple cited earlier,
Krypton-85 is a Goup Il substance, and the total activity in the

two tubes is approxinmately 49.4 microcuries, requiring Category B
review for the approximately 0.063 m crograns of material used per
t ube. The four ERI'S tubes total 160 mcrocuries of a Goup IV
ni ckel isotope, requiring Category A review and approval .

The I nteragency Nuclear Safety Revi ew Panel (I NSRP)

During the 1960's, the Atom ¢ Energy Conm ssion (|l ater changed to
DCE), DoD, and NASA devel oped an informal process for interagency
safety revi ew and approval of | aunches invol ving nucl ear materi al s.
On Decenber 14, 1977, after studies were conducted to develop a
consi stent and efficient review and approval process, Presidenti al
Directive/ Nati onal Security Council Action Menorandum 25 for nal -
ized the interagency review process. This Directive al so estab-
lished a requirenent for all |aunches involving a nuclear power
systemor other najor source to be approved by the President or the
Director of the Ofice of Science and Technol ogy Policy (OSTP)

Upon request of the user agency (historically one of the three
I NSRP nenber agenci es), an ad hoc I nteragency Nucl ear Safety Revi ew
Panel (INSRP) is chartered by OSTP for each planned m ssion which
will involve a spaceborne nuclear power system The Panel 1is
charged to review and evaluate the risks associated with the
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| aunch, operation, and re-entry. An INSRP is chaired by three
coordi nators: one each from the DCE environnental, safety, and
health (ES&H) organization; the Air Force Inspection and Safety
Center (AFISC); and from the NASA Headquarters Safety Ofi ce.
These coordinators establish subpanels of experts in the areas
needed. The INSRP may remain involved with a mssion through
several years of it's evolution

The | NSRP process includes the review of safety anal ysi s products
produced under the Air Force Regulations (AFR 122-15), the DCE
Overal | Safety Manual, and the NASA Basic Safety Manual ** which are
followed by the organization planning the | aunch. The NRC is
invited to send representatives to |INSRP neetings; t he
Envi ronnental Protection Agency (EPA), the National Oceanic and
At nrospheric Adm nistration (NOAA), and/or other agencies may al so
participate, as observers or subpanel nenbers of the | NSRP

The | NSRP eval uation is based on review of three Safety Anal ysis
Reports [Prelimnary (PSAR), Updated (USAR), and Final (FSAR)]
devel oped by or under contract to DOE, and of the docunentation
packages prepared for the programprelimnary and critical design
reviews. Contributions concerning the spacecraft, |aunch vehicle,
flight profile, and operations conme from organi zation responsible
for the launch. The FSAR is issued approxi mately one year before
| aunch®, and is conprehensive. It contains risk analyses for
nom nal performance and any failure nodes or anomalies in or
affecting a nuclear power system as well as hazard predictions
over the entire range of operation of the system

The I NSRP perfornms an independent evaluation of the risks, but
does not recomrend approval or disapproval of the | aunch; findings
are submtted to the OSTP, with copies to the heads of the three
| NSRP nmenber agencies, in the formof the FSAR for their use in
the launch approval request process. If the heads of the two
supporting agenci es concur, the user agency submts a request for
| aunch approval, with a copy of the FSAR to OSTP

The I NSRP nust address failure nodes for a vehicle, including
| aunch anomalies and on-orbit failures, as well as re-entry and
di sposition of spent sources. The purpose of these reviews is to
ascertain whether the contai nnent provisions for the nuclear fuel
can wi thstand the failure node and re-entry environnents, retaining
integrity and preventing any unpl anned rel ease, which could pose a
potentially severe radiation hazard to any exposed popul ati ons.

Figure 6 illustrates the process of Nuclear Safety Review and
approval for |aunches of nmjor or m nor nuclear sources.
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| nt ernational | nfluences

The United States has cooperated and conplied with the spirit and
letter of international agreenents stenmm ng fromthe United Nations
Commi ttee on the Peaceful Uses of Quter Space (COPUOCS). The focus
of these agreenents was on the potential environnmental effects of
the i nadvertent re-entry and subsequent di spersion of radioactive
material carried aboard an earth orbiting spacecraft. The docunen-
tation® listed bel ow constitutes a history of these agreenents:

1. United States of Anmerica, Uses of Radioactive (Nuclear)
Materials by the United States of Anmerica for Space Power
Generation, working paper submtted to COPUCS, U.N. Docunent
A AC. 105/ L. 102, United Nations, New York, 15 March 1978

2. United States of Anerica, Use of Nuclear Power Sources in
Quter Space, working paper submtted to the Scientific and
Techni cal Subcomm ttee of COPUCS, United Nations, New York,
February 1979

3. United States of Anmerica, Criteria for the Use of Nuclear
Power Sources (NPS) in Quter Space, working paper submtted to
the U N Wirking Goup on the Use of Nucl ear Power Sources in
Quter Space (WENPS), U. N Docunment A/ AC 105/C. 1/WG V/L. 8,
United Nations, 23 January 1980

4. Report of the WGNPS on the Work of Its Third Session, Annex ||
of Report of Eighteenth Session, U N Docunent A/ AC. 105/ 287,
13 February 1981

Presidential Directive/ NSC- 25 i npl enent ed t he policy subsequentl|y
covered in the U S. working paper submttals and the U N report,
which forns the basis of international efforts to regulate the
 aunch and orbit of nuclear materials.

PUBLI C CONCERNS/ | SSUES W TH THE LAUNCH OF RADI QACTI VE MATERI ALS

As nentioned, the United States first | aunched a SNAP- 10A r eact or
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aboard an Atl as- Agena vehicle in 1965. O her maj or nucl ear sources
have been | aunched through the years”, including NASA deep space
probes such as the Voyager series |aunched in 1977. The Sovi et
Union routinely uses reactors in low earth orbit (LEO and boosts
themto high earth orbit (HEQ after mssion conpletion®®. There
was no extraordi nary news coverage or expression of public concern
with these events, and no significant protests or denonstrations.

On January 24 1978, Cosnps 954, a reactor-bearing Soviet satel -
lite, re-entered. A considerable anmobunt of material survived re-
entry to inpact in northern Canada, including radioactive materi al
fromthe reactor. This event, coupled with press reissue of the
details of the re-entry and inpact of significant debris fromthe
U S. Skylab satellite in Australia (which carried no nmajor nucl ear
sources), served to heighten public awareness of potential inpact
hazards from re-entering space vehicles, particularly those wth
nucl ear sources. Notw thstanding this publicity, expressions of
public concernin this area never approached the intensity of those
routinely raised in regard to the potential for accidents within
t he nucl ear power industry.

The events spurred efforts of the U N Wrking Goup on the Use
of Nucl ear Power Sources in Quter Space, which |ater reaffirmed its
conclusion that, provided all safety requirenents are net, nuclear
power sources can safely be used in space!®*. The governnment space
community was given added inpetus to continue to conply with both
the spirit and the letter of Presidential Directivel/ NSC 25,
requiring INSRP review of all intended uses of nuclear power
sources in space, while the international space conmunity was
encouraged to adopt simlar neasures.

" Other maj or sources include: SNAP-27 RTG s enpl oyed with the
Apol I o Lunar Surface Experinent Packages (ALSEP), SNAP-19 RTG s
| aunched with the NASA Pioneer deep space probes and Viking Mars
unmanned | ander m ssions, and RTG s for DoD navigation satellites
and NASA' s N nmbus B weather Satellite (SNAP-3, 9A 19).
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The |l aunch of the Galileo Spacecraft, with twin General Purpose
Heat Source Radi oi sotope Thernoelectric Generators (GPHS-RTG in
Cct ober of 1989 was preceded by a flurry of anti-nuclear rhetoric
froma spokesman of a Florida protest group, including threats of
a "sit-in" to prevent the launch. Although this activity received
nati onw de press coverage, it did not becone a cause cel ebre. NASA
spokesnen appeared i n public (news) interviews to answer the stated
concerns, principally by explaining the extensive safety reviewto
whi ch the m ssion had been subjected. NASA explained that, in
conjunction with DOE, it had spent 10 years and $10 million dollars
studying the potential risks.

The Christic Institute and anti-nuclear activists petitioned a
Washi ngton, D.C. court to enjoin the |aunch, based on clains that
it was too dangerous because the Jupiter probe contained a nuclear
power source!*. The petition was denied after oral argunents, and
t he | aunch was successful.

This protest was the first attenpt by a citizen's group to stop
a NASA launch by instituting |egal proceedings, but the incident
may indicate a growng public propensity to protest against the
| aunch of major nuclear sources. The publicity given the results
of the investigation into the Challenger (STS-51L) accident may be
a contributing factor to this attitude, if it exists.

Wth m nor anounts of radi oactive materials, there seens to be no
di scernabl e public concern. A popul ar conparison, frequently used
when di scussing m nor sources at the National Test Ranges, states
t hat nost m nor sources are not as active as the material used for

| um nescence on some wistwatch dials. Low hazard Ilevels
associated with mnor sources are not likely to raise public
concern.

KEY SAFETY | SSUES CONCERNI NG RADI CACTI VE MATERI ALS, AS PERCEI VED BY
THE NATI ONAL TEST RANGES

The Galileo spacecraft, |aunched aboard the Shuttle Atlantis
carried two GPHS-RTG power systens, which use Plutonium D oxide
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(Pu-238) for fuel. The exact anpunt of plutoniumcarried has been
treated as sensitive informati on; however, "Space News'® stated it
was 48 pounds. If this is the weight of the PuO, then the actual
wei ght of the plutoniumwould be approxi mately 42. 3 pounds.

The nost stressing failure node addressed by the INSRP in their
anal ysis of the safety of the m ssion concerned an i ntact inpact of
the orbiter/ET/booster aggregate, shortly after liftoff. In this
scenari o, the high order detonation that would result was esti nat ed
to have maxi numcredi ble yield values from1l to 2.6 mllion pounds
TNT equi valence. @lileo originally was to use a Centaur stage to
boost it to earth escape velocity and then into its trajectory to
Jupiter. The contribution of the Centaur to the maxi mum credible
yield is not included in these figures.

Clearly, the INSRP nenbers (and the agencies they represented)
were concerned that the RTGs could not withstand the severe over-
pressures and thermal stress of such a detonation. NASA, however,
decided that the risks to the crew froma Centaur stage [wth its
cryogenic liquid oxygen (LOX) and liquid hydrogen fuel |oad] were
excessi ve, and chose to replace the Centaur with an I nertial Upper
Stage (1US) booster.

The I NSRP conducted a thorough risk eval uation, including review
of the results of tests of RTG nock-ups in a shock tube, where
expected overpressures were sinmulated. The INSRP often helps to
define the requirenents for such tests. They al so conducted a
conpr ehensi ve study of both the STS-51L (Chal | enger) and Vandenberg
Titan 34D-9 accident data, in order to include as mnuch recent
enpirical data as was available in their analysis. The | NSRP
presented its concl usions regarding the probabilities, quantities,
and possible health effects of a release due to failure during
| aunch of the Galileo with the IUS.

The consi derable work performed by the INSRP reflects the prine
concerns of its menbers, which include representation from the
Nati onal Test Ranges, that the structural integrity of a nuclear
power source be maintained in a worst-case failure scenario. It is
i nportant to enphasi ze froma public safety and heal th perspective
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that this concern for the integrity of the RTGs i s not based on the
notion that they coul d produce a nucl ear expl osi on and create casu-
alties in that manner, as m ght be assumed fromthe discussions of
bl ast and over pressure.

Concerning reactors, DCOE s current specifications for the SP-100
reactor require a design that nmaintains the integrity of its core
in launch failure or re-entry nodes |eading to earth inpact. The
react or nust be designed to survive a catastrophic expl osion during
t he | aunch phase or a re-entry and i npact, in an essentially intact
condition. In the latter scenario, it would bury itself until it
coul d be recovered®®, unless it inpacted in the broad ocean area’.

Two alternatives to re-entry exist for the disposition of spent
sources. Again maintaining an intact device, they are to either
provi de the capability to boost the device into a high earth orbit
(thus del ayi ng eventual re-entry for perhaps hundreds of years), or
to inmpart sufficient velocity to the device to achieve an escape
trajectory fromthe earth's gravity. The forner alternative poses
a problemfor future generations, and the latter may be difficult
to achieve due to the extra weight (and expense) to provide the
thrust necessary to achieve escape velocity. Al three schenes,
intact inpact, HEO and escape, may involve separation of the
nucl ear device fromthe rest of the satellite.

There also exists the potential for on-orbit collision of the
satellite and other orbiting satellites or space debris. Relative
i npact velocities in this circunstance may be extrenely high, and
the effect of such a collision on the integrity of a nucl ear power
source may be devastating, creating clouds of nuclear debris that

*

Al t hough generally associated wth security rather than
safety, the possibility of an intact nmjor nuclear source being
recovered by parties hostile to the U S. exists. Consideration of
this aspect of space applications of nuclear sources would seemto
fall within OCST responsibilities if the | aunch were conducted from
a commercial facility.
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woul d eventually re-enter. NASA, the Air Force, and ot her users of
space are currently researching and anal yzing this problem

Pl ut oni um and t he ot her transurani umel enents (except Neptunium
are radi ol ogi cal poisons with high rates of a particle em ssion and
a characteristic of specific absorption by bone marrow. The forner
makes t hese el enments lethal in mnute anounts, and the | atter neans
t hat the human body cannot get rid of the material, once ingested.

Plutoniumis one of the npbst dangerous poi sons known; the worst-
case scenario may therefore be a |aunch vehicle explosion which
results in Plutoniumbeing vaporized or otherw se reduced to snal
particles and rel eased into the environment. The severity of the
short-termeffects would depend on the timng of the failure. If
it occurred early enough in the flight, there could be casualties
on the range and/or in the surrounding area. Whet her early or
later in the flight, a failure of this type over the ocean could
result in long-termcontam nation of the area's food chain.

No conmerci al space | aunch vehicle in the current inventory uses
an expendabl e booster which can approach the degree of hazard to
whi ch the STS, in failure nbode, exposes nucl ear power systens. The
Cent aur aboard the Shuttle was a special case, and anal yses woul d
have to be perforned of the case at hand, should a proposed | aunch
(e.g., using the Centaur as part of a nore conventional conmerci al
Atl as configuration) involve a major source.

SUMVARY

There are two general types of space-related applications for
radi oactive materials. My or sources are used as heat sources for
power systens, while mnor sources are used for nobst non-power
appl i cations. Frequent use of mnor sources can be expected in
future commercial |aunch vehicles, or their payl oads, or both.

For the near term it appears unlikely that an application for a

license to |launch a comerci al payl oad woul d have a nucl ear power
systemas part of the |aunch configuration. Should the materials
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processing in space (MPS) area develop to the point where there is
sufficient economc return, sonme MPS experinmental or operationa

payl oads m ght require electric power at |levels only available from
a reactor or radioi sotope power system Under the current federal

regul ati ons, OCST woul d be directly involved in both the safety and
national security aspects of the approval process.

Third party safety concerns are not treated separately fromthose
affecting first or second party safety, either in the NRC safety
eval uation requirenents for |icensing m nor sources or those used
by DoD for approval to launch them or in those applied by the
| NSRP for maj or sources. Neither m ssion success nor public safety
is given overriding consideration; each set of procedures appears
adequate to satisfy OCST concerns for public health and safety.

The I NSRP review process was designed to address the | aunch of
all major nuclear sources, when NASA and the Arned Services [now
including the Strategic Defense Initiative Oganization (SD O]
wer e the only proponents of m ssions incorporating nucl ear sources,
and either Air Force or NASA vehicl es woul d be used to | aunch those
m ssions. Should a commercial | aunch i nvol ve nucl ear power or sone
ot her maj or source application, and particularly if that launch is
to be conducted at a commercial launch facility rather than froma
DoD range, it may be advisable for DOT/OCST to seek representation
on the INSRP for that | aunch.
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