TEACS8 St. Louis, 21 -22 Aug. 2017

Dr. A. Cannara, cannara@sbcglobal.net

Topics...

a) Nuclear-power support groups.
(participate & contribute $)

b) Ocean threats update.
c) Nuclear-power and waste facts.

d) IPCC is seeking reviewers for upcoming
compendium on consequences of a 1.5C
Increase in global mean temperature:
http://ipcc.ch/apps/comments/srl5/fod
[register.php Sign up by 18 Sept. 2017.

Dr. Alexander Cannara
cannara@sbcglobal.net
650-400-3071
19 Sep. 2017




Nuclear Groups

Facebook Groups... Important New Companies...

Energy Reality Project Terrestrial Energy:

Nuke Warriors http://www.terrestrialenergy.com

The Ecomodernist Thorcon: http://thorconpower.com
Ecomodernist Podcast Moltex: www.moltexenergy.com

Nukes Elysium: https://www.elysiumindustries.com

NuScale: www.nuscalepower.com
Others...
ThoriumenergyAlliance.com*
HiroshimaSyndrome.com (acurate Fukushima info)*
Atomiclnsights.com
EnvironmentalProgress.org
YesVY.blogspot.com (VT Yankee)

NuclearEnergylnsider.com > S Lon nr L
NuclearStreet.com Cﬁéﬁﬂiﬁmgreen
ThoriumEnergyWorld.com (itheo.org) nuciear pewer

WWW.CGNP,ORG

GenerationAtomic.org
Calioirnians for Green Nuclear Power (CGNP.org)*

* Means contribute some $!



CGNP’s Legal Filings

CGNP docs:

Calif. SB100 -- suggested amendments...
http://cgnp.org/cgnp_rec---amendmentsSB100.pdf

CGNP filings for the CPUC Diablo Canyon Proceeding. ..
http://www.cgnp.org/CGNP-OpeningBrief-A1608006 05-26-17.pdf
http://cgnp.org/CGNP-Reply-Brief-A1608006.pdf
http://www.cgnp.org/CGNP-OpeningBrief-A1608006 05-26-17.pdf
http://www.cgnp.org/CGNP_Direct_Testimony 01-27-17.pdf
http://www.cgnp.org/CGNP_Rebuttal Testimony 03-17-17.pdf
http://www.cgnp.org/CGNP_Direct_Testimony Workpapers 01-28-17.pdf
http://www.cgnp.org/CGNP_Rebuttal Testimony Workpapers 03-17-17.zip

Sections (Scope) 2.2 & 2.6 in the above are most relevant to environmental
Inadequacies of ‘renewables’ and advantages of nuclear power.



Nuclear's Environmental Value

“Nuclear power is one
of the chief long-term
hopes for
conservation...Cheap
energy in unlimited
quantities is one of the
chief factors in
allowing a large rapidly
growing population to
preserve wildlands,
open space, and lands
of high scenic value...
With energy we can
afford the luxury of
setting aside lands
from productive uses.”

David Siri,
Sierra Club
Director,

The Sierra Club's motto was wisely: "Atoms, not dams®, and Ansel Adams said: “Nuclear
energy is the only practical alternative that we ha  ve to destroying the environment

with oil and coal.” And, now we know, all 'renewables' require oil, coal, or gas to make
up for more energy than they deliver.



Nuclear Power Safety

Present Civilian & Naval Nuclear Power is the Safes t Form of Power
Generation Ever Deployed by Humanity:

www.scientificamerican.com/article.cfm?id=the-human

http://cen.acs.org/articles/91/web/2013/04/Nuclear-

Comparative
Power Source
Safety

http://thoriumremix.com/th/

US GigaWatt Hours Delivered per Life Lost (2003-2012)

Nuclear
7,900,000 GWh / life

PSI ENSAD 1998;

-cost-of-energy  (2013)

Power-Prevents-Deaths-Causes.htmi

PUUL SORRRRER IRSTIIOT The Energy Departments
d;g:b Laboratory for Energy Systems Analysis
Technology Assessment
Severe accidents with at least 5 fatalities (1970-2005)
OECD EU 27 non-OECD
Energy chain | Accidents | Fatalities | Accidents | Fatalities | Accidents | Fatalities
144 5360
Coal 81 2123 41 942 1363 (a) | 24456 (a)
Qil 174 3388 64 1236 308 17990
Natural Gas 103 1204 33 337 61 1366
LPG 59 1875 20 559 61 2636
Hydro 1 14 1 116 (b) 12 30007 (c)
Nuclear - - — - 1 31(d)

(a)  First line: coal non-OECD without China; second line: coal China
(b)  Belci dam Romania (1991)
(c) Bangiao and Shimantan dam failures alone caused 26'000 fatalities
(d) Latent fatalities treated separately

Burgherr & Hirschberg, 2008

IORC, 25 - 25 August 2008, Dawe

Swizedand

Deaths per TWh by Energy Source

Deaths per TWh

Nuclear Hydro Natural Biofuel Peat 0il Coal
Gas Biomass



Oceans: Heat, pH, Oxygen

TEACS, http://tinyurl.com/zprh78l  (2015) http://tinyurl.com/hhird4o
What we must know to prevent oceanic extinctions, o n track to

occur by 2050. _—
,@f%

“Let’s work the problem.
Let’s not make things worse by guessing.”

Eugene Kranz,
Apollo 13
Flight Director,
April 1970.

Dr. Alexander Cannara
cannara@sbcglobal.net
650-400-3071
18 Sep. 2017



Why Energy From Fire Must Go
r [

a ®
60years of warming in 15 seconds
http://tinyurl.com/k3guhk2



Warming (1951-2015)

http://tinyurl.com/yaaewjkm
(note animation)

Summer temperatures Summer temperatures
in the Northern Hemisphere n the Northern Hemisphere
1951-1980 2005-2015

A A 1951-1980 ___
Base period
Mor: More frequent ‘
Extremely cold_ Extremely hot e;n;ls; ct;l;i S Cold Norm: Hot Extremely hot
= P e ——
Extremely cold Cold Normal Hot Extremely hot lely cold Cold Norm: Hot Extremely hot

Extraordinarily hot summers ( red), that were
virtually unheard-of in the 1950s, have
become commonplace.

Northern Hemisphere



Heat Content (10%J)
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Emissions Effects: Sea Warming
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2012, ~100 cubic miles of Greenland ice melted.




Warming => Sea Rise
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Oceanic Oxygen Loss & Extinctions

Oxygen loss in the oceans

Timeframe when ocean deoxygenation due to

clifmiate changs is expected to become detectable Gulf of Mexico & Mississippi
Dead Zone

%a ga’a %'-'3:: é%a PQ’@ %':"E? %ﬂ

http://tinyurl.com/z8dahhk  (above), http://tinyurl.com/ydémkoec  and...
“A short history of ocean acidification science in t he 20th century:
a chemist’s view”, P. Brewer, 2013, www.biogeosciences.net/10/7411/2013/



Warming/Acidification Warnings

While Each CO , Molecule Stays in Air, It

3 Tynda” & Chamberlin (18003) o Heats Air ~100,000 Times More Than The

— www.aip.org/history/climate/co2.htm

Energy Released When Its C Was Burned

— https://theconversation.com/life-on-earth-was-nothi ng-but-slime-for-a-boring-billion-

years-23358
— “How Oxygen Stifled Animal’'s Emergence”, AAAS Scie

nce, 31 Oct. 2014, p537.

e Arrhenius (1896, 1905)... €O, + H,0 => H,CO, = Carbonic Acid

On the Influence of Carbonic Acid
in the Air upon the Temperature of

QD
= the Ground
o
D Svante Arrhenius
Y
2 Philosophical Magazine and Journal of Science
% Series 5. Volume ‘lv 237-276.
“Carbonic Acid” is what CO , makes when combined with water — soda pop.

Since seas dissolve CO , well, they become
more acidic every year we overload the
natural Carbon Cycle (among plants, air,
water & land ) by burning fossil Carbon
compounds made millions of years ago

by plants, especially ocean Plankton...

Plankton are the initial prey for almost all fish | arvae.
Their Carbonate shells sink when they die, removing
Carbon to sea floors & they make most of our Oxygen

LONDON, EDINBURGH, axo DUBLIN

PHILOSOPHICAL MAGAZINE

AND

JOURNAIL OF SCIENCE.

[FIFTH SERIES.)

NXXI. On the f:g;l’lrrm'r' r:.rI Carbowie Aeid in the Air Hppan
the Temperature of the Growid. By Prof. Svaxte
ARRHENTUS *,

L. Introduction : Oservations of ln:mg]u}' on
Atmosplerical Ahsorption,

GREAT deal lias been written on the influence of
- thy :l]i.-jul‘;:!i-m ot the :ltnm-phu-rn upon the climate,
I"\'|l<|:i1ll in [I:II'|iL'II1:I1‘ las pointed out the onormons im-
portance of this qaestion,  To bim it was chiefly the dinrnal
and annoal varviations of the tomperature that were lessened by
this cirenmstance,  Another side of the question, that has lony
attracted the attention of physieists, is this @ 1s the mean
I in any way influenced b

tempaetare of the wea
presence of heat-absorbing s inthe atmosphere
maintained that the atmosphere acts like r{w wlazs of a hot-
honse, because it lets throngh the light rays of the sun hut
vetiins the dark rays from the ground.  This iden was

elaborated by Pouillet § 3 and Langley was by <ome of his
researches led to the view, that = the lv.mpc-‘r-.\turo of the
earth under direct sunshine, even thongh our atmosphers
were present as now, would probably fall to —200° ., if
that atmosphere did not possess the quality of selective



Acidification

www.tos.org/oceanography/archive/22-4 kump.html

"Lethal Seas" -- PBS Nova 2015

AAAS Science, Vol 344, 9 May 2014, p569

Oyster Stress , http://tinyurl.com/Iqrj5v7
http://tinyurl.com/pfjc4ud

Deformed
Animals

-y

) 'd} ‘a'- G

Also see April 2013 Scientific American

3L )

i\

Key Parameter
Is Saturation
Level of Ca/Mg
& Carbonate
lons In Water —
5 Is Good, 4 not,
& 3 = Failure.
Seas Now ~4.

126°W

122°W
Longitude



Emissions Effects: Sea Chemistrv

Oceans are Acidifying Fast -- Ceasing All CO , Emissions Has Little Effect
Changes in pH over the lasr 25 million years

86
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~300-Year
Acidification
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Today ~8.1 Pre-industrial
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Emissions Effects: Algal Blooms

~0.000001 Meter

4

' . Greenland
:% "{3_ |

| Coccolith:
Calcite Shields
Around Single
Algal Cell of
Emiliania
Huxleyi

https://en.wikipedia.org/wiki/Coccolith

Ocean Food Chain:
AAAS Science *Sun & Plankton

7 Aug 2015, p579 I Rt to Krill, Fish,
. v, 4 # . Whales, Birds;
‘ ey ¥ , b o
e ‘e {2\
£

R
AN A
N »

The hexacopter
observed humpback
whales engaging in

bubble-net feeding.”



Acidification & Extinctions

~30% of all ~1.5 trillion tons of CO

less alkaline seawater, affecting entire sea food ¢

,_emissions are now in oceans
hains -- sea life provides

creating

~20% of all human food protein

— “The Sixth Extinction ” by Kolbert 2014

www.kqged.org/a/forum/R201405260900
[CO2(aq)] [CO32-]

SU0J3|9YS 10} areUOqIRD

Trouble Before 2050

pH
8.3 glacial
pH
pre-industrial
CO32- :
.. | AR,
Plankton Stress
8.0
[CO2(aq)]
7.9 W
1950 ! 2050

www.ocean-acidification.net/
http://tinyurl.com/6mtd8db
www.noaa.gov/video/administrator/acidification/inde

www.bbc.co.uk/news/science-environment-18938002

x.html

Normal Larvae:

R A

Anthropogenic CO , In Seawater

0 10 20 30 40 50 60 70 80

Deformed
Larvae

Warmer, acidifying North Atlantic



Temperature History

from Average Jan-Oct 2014
10 base period)

3

Land & Ocean Temperature Departure
(with respect to a 1981-20
Climate Deniers’ Data Source: GHCN-M version 3.2.2 & ERSST version 3b
< ;
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John Blanchard / The Chronicle



Acidification & Remediation (3 Numbers)

Cyanobacteria, plankton & algae produced most of th e Oxygen we have to
breathe & use, starting >2 billion years ago,  with earliest photosynthesizing
ocean life. Land plants later evolved & helped. All fossil fuels we dig up were

made from plant decay. Carbon emissions today are >9GtC (>30Gt CO.,)

www.ocean-acidification.net
www.atmo.arizona.edu/courses/fall07/atmo551a/pdf/Ca  rbonCycle.pdf
www.annualreviews.org/doi/abs/10.1146/annurev.earth  .031208.1002067?journalCode=earth

_ Circa 2005

Solar Heat (IR)

>9GtC/Year
Today

Vegetation 610
1.6

Cycle is

-

eEEECE :;‘ Swamped
= el \ = >9/03
s Carbonate gets ! Falling
stored in limestone ~ 30 Years
only if pH > 8 -
Behind

>180Gt Fossil
Carbon
Accumulation

Storage in GIC
Fues In OIC/vr BT

— = - TE PN B
— T L R LT

~0.3GtC, AAAS Science, Canfield & Kump, vol 339, p53 3, 2/1/2013




Carbon Emisisons (GT C/yr)

C & CO, Emissions (2013)

10 r 10%
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World
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CO, & 1,000,000 Sg. Miles of Basalt

P-Trboundary Coal, laid down in Carboniferous was ignited &
burned underground for thousands of years.

A [t ' B r—
ARy

_ ~90% of Species Gone

S

_:;;1!11(‘1.:.. . s

Siberian-Traps 2




Lime Cycle & Cement Making

Possible CO2
Sequestration Sodium aluminate: NaAlO ,, Na5AIO ,, Na,Al,O, ...
to Basalt 7509 Tricalcium aluminate: Ca ,Al, O, plus many
) possible mixed oxides with B, Be, Mg...
Limestone (7sog)
o Stlica (150 /
co, %  Aluminate (sog
Limestone .‘.‘- lron (s
\ CaCO; : o
Carbonated : J
Slaked lime .ﬁ.uickiime
Ca(OH), & ca0
"’.“ Wate;ééded 5":!’}1%“:11 ™, of gypsum
W. - d ““‘ i
Kipedia ... CaS0,-2H,0
5 6909 el 4

_ e

S /~Cement

CaO Yield = 39(?/750 II This will gve you 690 g

= 52% (no additives) Porticnd cement. Store
1

iy conditions wnti
POy 07 Lse.

~5000 tons/day/plant




CO, Sequestered to Basalt

- CO, Input = 5% of H20

=== ~$17fton CO,

Basalt is Common
%, on Land and
GRSl Under Sea Floors

Present EU Carbon
Trades at ~$7/ton

Sedimentary rocks

Lack Ca, Mg & Fe

Porous Basalt Can
Hold >50kg/m 3 CO,
as Permanent
Carbonates

Reservoir Storage _

Carbonate minerals

AAAS Science, 25 April 2014, p723

Can also crush basalt . Basalt is ~25% Ca, Mg & Fe Oxides.

with high alkali content s Projects: Carbfix, 2012 in Iceland &

and distribute in seas, e - BSCP, 2013 in Wallula, Washington
If biologically safe. b http://tinyurl.com/hk6yxgv

Example Reactions

MgSiO; —> MgO + SiO,
MgO + CO, —> MgCO,

Env. Sci. & Tech. Ltrs. 2016; 10.1021/acs.estlett.6 b00387



Areas Needed to Replace

By Bl -2

>

-

Area Needed
for Nuclear *

Area Needed for Solar PV *
(Wind is much larger)

North

* - .
All mining, construction, power &

H H N P F ]
vehicular uses included in nuclear & solar. seifie

Dewan

Power Density Nuclear
«—— 3 Geothermal

1054 Thermal power plants

104 - . Coal
fields

Oil fields

Central
j solar

g towers
Flat plate collectors

102 - Photovoltaics

Wind_m—Ocean heat

Power density (W/m2)

Area (m2)

-

5 4

>10%3 J/kg,

Fission

US Fossil Fuels

It takes ~100 times more
' water to produce 1 gal of
- "' ‘biofuel’ than to produce
) 1 gal of diesel
A

Fusion

x1,000,000 ~3GWHI/Ib

~10kWattHr/Ib —_—

X100 = ~1011WHr/Ib



Lifecycle CO, Emissions

1200 | | | | [ l
974

1000
800
600

-- GHG Equivalent, Including Methane Leakage

469 -- No Methane Leakage ]
1 — CF Gas Backup

Tonnes CO2 - equivelent/Gweh
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T,

Courtesy Burton Richter --  Comparison of Life Cycle Emissions in Metric Tonnes of CO_e per
GW-hour for various modes of Electricity Production; P.J. Meier, Life-Cycle Assessment of
electricity Generation Systems with Applications for Climate Change Policy Analysis,



Remediation — The Numbers

Processing limestone/dolomite to lime ~300kWHrs/ton

Lime transport to ocean (rail 0.085kWHr/ton-mile + ship
AKWHTr/ton-mile)

CO, cracking (assume electrochemical reduction of at
least 505 kJ/mole ~1.5GJ/ton ~420kWHTrs/ton)

H,O cracking -- @2000C, or electrolysis @850C 225
GJ/ton H, (64% efficient incl electricity gen)

C-H compound reforming (use H,O cracking heat)
— Fuels (for critical uses — aircratft, etc.)

— Feedstocks (petroleum/gas/coal substitutes)

— For geologic sequestration (waxes — C,:+)

Assume remediate 10% of yearly CO , emissions = 3Gt
— (3x10° (1 + 1.5)x10°) x 2.8x10°" = 700TWHrs + H,O cracking
— ~90, 1GWe 0-emission powerplants + H,O cracking energy




N UCIear WaSte I All US fission waste I

All 57 years of
US nuclear
power’s
true waste

This ~20g of fissile, whether fromThorium, Uranium
or Plutonium, releases all the energy needed byaU S
citizen for a decade — all energy needs for 10 years

The result is two ‘pinkies’ of fission products,
(per Avogadro) which are already stable, or mostly
radioactive for hundreds of years, not thousands.




Used ‘Spent’ Fuel = Not Waste

Used Used Nuclear Fuel in Storage

(Metric Tons, End of 2013)
-

~. W
"1 Unused
Depleted UF6 in Ohio
>74,000 tons = 1 football field Enrichment >500,000 tons pure U238

Used + unused Uranium = >570,000 GW-years of clean energy, when used
to breed new fuel for fast-neutron reactors (IFR, E = BR, MSFR...)
‘...and...make possible the exploitation of the vast e nergy resources latent in the
fertile materials, uranium-238 and thorium.” — Glenn Seaborg to JFK, 1962.

Usﬁd Fuel Storage

.

Used LWR Fuel Bundle

>95% Not Waste: ~1% unused fissile
fuel, ~4% fission products, ~95%
Uranium, and <1% transuranics.




Natural Fission

The mountains in Oklo, south-
eastern Gabon are home to several
natural 23>Uranium fission reactors
They operated about 2 billion years
ago, when the 700-million-year half
life of that isotope would have d » s,
meant it was about 8 times as LY s AT A
abundant in typical rock containing ' '
Uranium ore. The Earth’s growing ) " Na. Ny :
atmospheric Oxygen content, water o B i A ™ Homo Sapiens
& bacteria concentrated UO D L R L TR s e RN
enough that rainfall & groundwater | (i S\, ' LR e 7 o '
acted as a neutron moderator to
enhance fission by slowing
neutrons to ‘thermal’ speeds,

making their capture by 235U nuclei
more probable. When water

stopped flowing, the reactors
stopped fissioning. When it flowed

F e wd

again, they restarted. The site is http://www.ans.org/pi/np/oklo/
now useful to judge stability of http://www.ans.org/pi/np/oklo/
fission wastes. Niger & Gabon http://en.wikipedia.org/wiki/Natural_nuclear_fissio n_reactor

have very significant U deposits. www.physics.isu.edu/radinf/Files/Okloreactor.pdf



Fission Products

90 100 13
7 % Sri T
U-233 | Pu-239 o
\
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© 35 %Pu
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Bromine P e
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1 °5 3 3 . @ 3
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Fission-Daughter Mass (Nucleons)

Asymmetrical yields of thermal-fission-product pair s versus fissile element



235238 Reactor Decay Heat (otes)

Spent nuclear fuel decay heat - from reactor shutdown to 30 years

Reference natural geothermal heat flux: 65 kilowatts per square kilometer (65kW/km2)

Sr-90 (86W)

Y80 (408W)

Total decay

1,650 wa

(165kW for 1
Ru-106 (345W)

Rh-106 (S6W)

Cs-134 (185W)

Cs-137 (119W)

5 min

11 hour
r

14h
1

Kir-85 (11W)
Cm-244 (111W)

Pu-241 (4W)

Pu-238 {114W)
Eu-154 (41W)

Pr-144 (20W)
Ce-144 (2W)

Ba-137m (39TW)

Nb-95 (3,840W)

Ru-103 (T04W)

Rh-103m (48W)

Ru-106 (32W)

Total decay heat @ 4 months:

26,510 watts/tonne
(2.65MW for 100 tonnes

Rh-106 (5,180W)

Cs-134 (1,730W)

Cs-137 (130W)
Ba-137m (463W)

Cs-144 (658W)

- -
\.--", Sr-90 (49W)

Y-80 (232W)

(89.8kW for

Cs-137 (TOW)

Zr-95 (2,27T0W)

Y-91 (992W)

Sr-89 (562W)
Cm-242 (1,100W)
Pu-241 (5W)

Pm-147 (63W)

Pr-144 (7,380W)

Kr-85 aZW}
Cr-244 [48W)
o Am-241 (133W)

Pu-241 (1W)

Pu-238 (35W)

Ba-137Tm (233W)

After 3 Years,
Solid Used
Fuel Can Be
Stored in Air



2351238 ranium Light-Water Reactors
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Solid Thorium Fuel Breeding Expt. at Shippingport
1977-1982, >1% Fuel Gain in 5 Years




TORIUM
energy:.cheaper'
than coal

See movie “Pandora’s Promise”
http://pandoraspromise.com/
by Richard Stone

" THORIUM, THE GREEN ENERGY
I'm '“”'i:""" "*Eﬁ W’!‘!ﬂ' b“f” m nat m"m SOURCE FOR THE FUTURE

h =
m ;/vemn;rfl?J)ég%rgm/watch?VInQpquWyFQO R I [: H A R D M A R TI N

Crpyriphici Materal



Waste Comparisons

10° Conventional LWR Transuranics
~600 Ibs/GW-Year

PWR uranium actinides

108

10? !
2
§ 105.
< natural U ore
I SR —— gy e PR B S R R —
= 10
.8
=
o] 4 | ) o
2 10 TR fission products
8 102 MSR Transuranics .
<3 Ibs/GW -Year _ Eia
102 | LFTR thorium actinides
10! Years
107 107 103 104 106 107

For 30 years total: . FUJI-U3 (1GWe) Relatne to IGWe BWR
7.8 t (reusable) Japanese I

Example
T - |—

MA (N]}/Aln/Cln) - 30 GW yrs
production




Electricity and Isotope Production from LFTR

1000 kg of

Th-232 90% fission 85% fission 250 kCi of Pu-238
9000 GWe*hr 900 GWe*hr 8400 watts-thermal
$540-630M* $54-63M* $75-150M™*

= burning >13,000,000 barrels of oil

¥, = ‘."
1000kg = a 1000 kg of 100 kg of 100 kg of
17" Cube u-233 U-234 1735 U-236 Np-237
15kg = a
213Bijsmuth \ _ 4.1" Cube
(fOI’ dispersed ~20 kg of medical molybdenum-99
cancers) is ~5 g (1 Ci) of thorium-229 used in targeted alpha therapy cancer treatments

0n|¥h[i)SrOV(3;§ed t ~20 kg (3300 watts-thermal) of radiostrontium (>90% *Sr, heating value)

~150 kg of stable xenon and ~125 kg of stable neodymium
Courtesy Flibe Energy

1, Oz. Thorium runs 1 American’s life for 1 decade




Molten-Salt Reactors

Thorium Alliance Research Reactor

OFFICES,
CONTROL ROOM,
MAINTENANCE,

LABORATORY

HEAT LOOP

FOR WATER
DESALINATION
BRAYTON TYPE
TURBINE HALL
USING SUPER
CRITICAL CO2
HOT CELL
DRAIN TANKS, REACTOR
ONLINE REFUELING, CHAMBER i i
ISOTOPE PRODUCTION . ’ UNDER GROUND Thorium Energy Alliance
UNDER GROUND (C) 5-4-2011

www.thoriumenergyalliance.com



Using MSR/LFTR Modules

From Coal/Gas/Uranium to Thorium

Molten-Salt Reactor www.CoalToNuclear.com
http://tinyurl.com/ye6leml

.y

- J-_f “j Coal/Gas/Reactor Boiler & Smokestack Gone

~ -
r; P e T
\._‘|‘~ A ey J)/fe'
ey -H-"-\-\._\_\_ — 7'_'__—"’
. P ]
- L~ N Sall Loop 3 [ ]
bt : 1000F
Fig. 1.}, Dusiga shudy of MERH ooll, 0"*:’“3‘; - . 1000F 2500 psig lssu psig MOF
Inering: 5 psig on reaclon p— 1 /Thrcmle\'alue
25 psig on secandary loop 1000F L o
50 psig on terbany loop 2500 psig L] £00F
|||||| andler. 25 psil = ggc
0 psig
= n
[ Reactor - *
=3/ Tan NOBE: Watar larmparal 5
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alt Ci ] | r;l\'s.
“Hot Room" for remats el chemistry I SaflLop2
” = L S— I
I i 150F 2500 psig Boiler feewster pump

| Freeze,/” Nor-radioactive sait mainlenance drain tanks

wonen NEW Steam Generator

£
! - ] - __d:.:
- l Fuel Salt Drain Tank
E—— ———————— I T e

U
Hual Exchanger

Secondary SallLoop  Fuel SaltLeak Fuel Salt Drain Tank Prirnary 1o Secondary Sall Loop
kK Halding Tank Heat exchanger (4)

Drain Tani
Fission Squelch Rod Assarmbly

New thorium-fueled reactor '

in parked ocean-going barge New Gea r

Original power plant . g _
Retained/Expanded "

¢ Generation Gear ;D ﬂ
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Atomic Accidents, J. Mahaffey, Pegasus Books, 2014. R efe re n Ces

AtomicObsession, J. Mueller (historical analysis of what really controls nuclear proliferation).

Basic Nuclear Engineering , Foster & Wright, Allyn & Bacon Series in Engineering, 1983.

The First Nuclear Era, A. Weinberg (LWR and MSR memoirs).

Green Nuclear Power , J. Eerkens, University of Missouri: http://tinyurl.com/2amxte4
Introduction to Nuclear Engineering , Lamarsh & Baratta.

Lise Meitner’s Fantastic Explanation: Nuclear Fissio n, Bowerson, ANS, 2012:
http://tinyurl.com/89ntah2 & www.atomicarchive.com/Docs/Begin/Nature_Meitner.sht mi

Nuclear Energy: An Introduction, R. Murray.

Radiation and Reason , W. Allison.

ORNL Document Archive : www.energyfromthorium.com/pdf/

ORNL Engineers Ball & Engel talk MSR history in 2012: http://tinyurl.com/al5hlap

President Kennedy's request to AEC in 1962: http://tinyurl.com/6xgpkfa

Fission products:  www.energyfromthorium.com/javaws/SpentFuelExplorer. jnlp
Superfuel , R. Martin (see www.thoriumenergyalliance.com ).

Thorium: Energy Cheaper than Coal , R. Hargraves (see www.thoriumenergyalliance.com).

Your Body and Radiation , N. Frigerio, AEC #67-60927, 1967.



Thorium/MSR Development Projects

China: https://www.technologyreview.com/s/542526/china-det ails-next-gen-nuclear-reactor-
program/
http://fortune.com/2015/02/02/doe-china-molten-salt  -nuclear-reactor /

EVOL.: http://www.daretothink.org/europe-evols-molten-salt -fast-reactor/
Idaho National Labs: http://www4vip.inl.gov/research/molten-salt-reactor ~ /

India: https://www.youtube.com/embed/-jzSI7MA7e8
http://www.thoriumenergyworld.com/news/india-aims-t o-build-worlds-first-thorium-ads

Lightbridge:  http://www.ltbridge.com/fueltechnology/thoriumbased seedandblanketfuel
Moltex: http://www.moltexenergy.com/

Russia: http://www.thoriumenergyworld.com/news/putin-has-th orium-plans-and-engages-
russias-vast-nuclear-establishment

Terrestrial Energy: http://terrestrialenergy.com/
Thorcon: http://thorconpower.com/
Transatomic: http://www.transatomicpower.com/

General: http://www.world-nuclear.org/information-library/cu rrent-and-future-
generation/molten-salt-reactors.aspx



