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One Man's Journey From Inner Atom
To Outer Space
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High School Nuclear Chemistry AND YOU!
o Periodic Table of the Elements
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Leadville, Colorado — and Kansas




Nuclear
Agriculture!
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More than 90% of new crop varieties
are created using radiation technology - &4
Including half the pasta in Italy! '

Food irradiation Kills pests,
reduces famine, reduces chemicals...




Western State College Ski Team
1982




Commercial Nuclear Power
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Commissioned as Naval Officer
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Nuclear Medicine

from nuclear medicine

Over half of all hospital medical equipment is
sterilized with radiation

Radioisotopes are used in developing 80% of
all new drugs

Radiation techniques played a key role in

12 of last 15 Nobel Prizes in Medicine «



Molten Metal Technology, Inc.
Nuclear Waste and High Temperature Waste




Apparatus for Dissociating Bulk Waste in a
Molten Metal Bath

United States Patent 9 (111 Patent Number: 5,555,822
Loewen et al. | [45] Date of Patent: Sep. 17, 1996
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University of Wisconsin |
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ldaho National Laboratory
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CORROSION STUDIES IN SUPPORT

OF A MEDIUM-POWER

LEAD-ALLOY-COOLED REACTOR

ERICP. LOEWEN tdaho Nationa! Engl

F.O. Box 1623, Idako Falls, Idaho 83413-38¢6)

MATERIALS FOR
NUCLEAR SYSTEMS
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Accopted for Publicasion Jazezary 26, 2004

The performance of structural materials in lead or
lead-bismuth ewtectic (LBE) syssems is evaluated. The
mareriais mmmrm‘ included refactary mét (W, Mo,
and I ai U.S. steels [austemitic 5teel (316L), car-
bon steels d-’-.., Fe-Si), farmitic mar'en:'r" steels (HT-9
and 410)], and several experimental Fe-S5i-Cr ai.
were expected 10 demonsrrate corrosion resistance. The
materiais were eposed in either an LBE rotting elec-
trode or a dynamic corrosion ceil for periods from 100 to

1000 h at wemperanes of 400, ;0{; 600, and 700°C,
depending on material and eposure location. Weight
(hzrcoma‘opr‘fa{:cmm‘*@a;«'m'! microscopy or X-ray

analysis of the specimen were used 10 charactarize oxide

J ..mr)uf-b‘n' corrosion depth, microstrucaire, and com
positaon changes. The resuits of corvasion tests vaiidare

the excellent resistance qf refractory metals (W, Ta, and
Mo) to L BE corrosion. The tests conducted with stainiess
steels (410, 316L, and HI-9) produced mass vmqfa'
qf eiements fe.g., Ni and Cr) into the LBE, resulting in
degradation of the maserial. With Fe-5i ailoys a h
Iqyer {as Si0,) is formed w- mo :mbm during exposure
'olBEﬁom the seiective dissoiution gf Fe.

L INTRODUCTION

One of the key limiting factors in the devexfa
and deployment of Jzad- or [2ad-bisnmth-eutectic (LBE -

*E-madl Joswep(dinel gov
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coolad reactor systems is the comosion of cladding and
structural matenials. Russian experience has shown that
operation at temperatures above 550°C mmst be ap-
proached with caution. Opention in the 650°C ange 15
currently not feasible due to corrosion hmitations.

The corrosion problem in lead and I BE systems has
been approached using one or more of the following
techniques:

1. the use of Fe-based alloys that have been found to
resist coosion

2. the use of active film production and control using
oxyzen

3. the use of inhibitors.

The use of oxygen control to promote film formation in
ccm; unction with alloys containing oxide formers suchas
Siand Cr has shown the most promise. While Fe-Cr-Si
alloys have been shown to be resistant 10 cotrosion, the
basts for this behavior 1s not well understood. This is true
spite of the fact that this system has been extensively
ed in high-temperature gaseous environments,'*
whem silicon is known to have a beneficial effact on the
oxidation resistance of iron due to the formation of a
diffusion barrier as well as the formation of, or incorpo-
ration into, the surface scale. With respect to iquid metal
comrosion. Russian expenence has also shown thatsilicon-
alloyed ferritic-martensitic steels exhibit increased cor-
rosion resistance in hquid lead applications.’ While the
effect of alloy additions on scale formation in Fealloys in
225205 0% environments has been extensively stud-
5d, the effect of an environment in which the individaal
alloying elements (as well as the major element) exhsbit

NUCLEAR TECHNOLOGY VOA.. 147 SEP 2004
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Science and Policy
Washington DC (2005)

Senator Hagel

/ ANS Congressional Fellow\
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15,000 nuclear utility workers eligible for retirement next 5 years
Same situation for vendors, suppliers, government labs...
Needed just to run current reactors! (in USA)

What does this mean? Average Annual Salary:
$101,500 Nuclear Engineer s 2011

$73,300 Licensed Reactor Operator s 2011
$124,400 Certified Health Physicist ¢ps 2011

Engineers
Nuclear, electrical, chemical, mechanical, materials, structural...

Professionals
Health physicists, chemists, accountants, IT, business, security...

Skilled Trades
Electricians, welders, mechanics, pipe fitters, machinists, .

heavy equipment operators...
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BONUS: Space Nuclear
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A LIVING,
BREATHING,
MOVING,
TALKING
IAGAZINE?

Wom, That's Fanastic!

URANIUM
MINING
Uraniumismined
allover the world,
chieflyin Canada
and Australia.Best
estimatesare that
reservesare rea-
sonably plentiful,
with hundreds—
perhapsthou-
sands—of years’
worthavallablefor
energy production.

TURNINGTHEPROBLEM INTOTHESOLUTION

THE SEVEN-STEP METHOD BY WHICH LOEWEN PROPOSES TO TRANSFORM NUCLEAR WASTE INTO AN “ENERGY ASSET" THAT
CANMEET ALLOF THE UNITED STATES'ENERGY NEEDS, CARBON-FREE

FUEL
FABRICATION
Uranium powder

Iscompacted
Intopelletsthesize
of a pencileraser
andplaced into
fourteen-footmet-
altubes, whichare
thenbundled and
sold tonuclear
power plants.

NUCLEAR
POWER PLANTS
The uranium emits

energythrough
fission, orthe split-
tingofitsatom.The
fission heatturns
waterintosteam,
tuming aturbine,
andcreatingcar-
bon-freeelectricity.

SPENT FUEL
Theusedfuel Isstill
95percenturanium
(plusipercent tran-
suranicsand4per-
centother radio-
active elements).
If notrecycled, this
“waste” willtakeup
toamillion yearsto
retumtothelevel
of radioactivity of
theorefromwhich
itcame.

ADVANCED
RECYCLING
CENTER
The usedfuells
separated: The
transuranics,an
energy asset,are
usedtomake more
electricity. The ura-
nium isrecycled.
Thesmall radloac-
tiveelementsare
shippedtoageo-
logic repository.

GEOLOGIC
REPOSITORY
Thewaste fromthe
recyclingcenteris
radioactiveforonly
aboutfive hundred
years (comparedto
amillion fornuclear
wastetoday),allow-
Inganalternative
to the controversial
YuccaMountainre-
positoryin Nevada.

ELECTRICITY
Electricity sales will
pay forsteps1,2,
and3.Salesof elec-
tricity fromthead-
vanced recycling
centerwill pay for
operation of there-
cycling reactor,and
completing this
sustainablechain,
companieswill pay
the centerto take
theirspent fuel
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My Suggestion to You:

Learn, and learn how to learn (better)

— Do well in school

— Learn math and science

 Algebra 2 plus one of Physics, Chemistry, or
Biology for technician trainees

« Trigonometry (Calculus preferred) plus at least 3
years of science for engineering students

— Go to a University and study engineering
and science
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“Nothing in life is to be feared — it is only to
be understood. Now is the time to

J understand more, so that we may fear less.”
-- Marie Curie
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