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Nuclear Energy and Climate Change

www.oeko.de

e FAZ online, 02.12.2019: ,Nuclear Power is part of the solution®

e Der Spiegel, 14.12.2019: ,Will nuclear power save us from climate
collapse?”

[IER SPIEGEL

e CO,-Emissions from Nuclear:
- 3,7-110 g CO, ¢y /KWh [IPCC]
- 68 g CO, ¢quiy /KWh for Germany [UBA]
— Much less than Coal/Oill ...
— Comparable to Wind/Sun ... ?

— Is nuclear therefore a (good) solution?

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022 Data: IPCC, UBA 4
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Nuclear Reactors 1954-2021

www.oeko.de

Nuclear Reactors and Net Operating Capacity in the World

in Units and GWe, from 1954 to 1 July 2021 7/2021
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Nuclear energy worldwide
Nuclear power plants in operation
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World Electricity Production

www.oeko.de

Nuclear Electricity Production 1985-2020

in the World...
in TWh (net) and Share in Electricity Generation (gross)
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NPPs under Construction
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Reactors Under Construction in the World
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Construction Times
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Construction Times of 63 Units Started-up 2011-2020

Construction Time (in Years)
e | v | o
6.1 4.4 1.2

China 37

Russia 10 18.7 8.1 35.1
South Korea 5 6.4 4.2 9.6
India 3 15 8.7 14.2
Pakistan 3 5.4 5.2 5.6
Argentina 1 33.0 33.0

Belarus 1 7.0 7.0

Iran 1 363 363

UAE 1 8.1 8.1

USA 1 42.8 428
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NPPs by Age
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Age of World Nuclear Fleet
as of 1 July 2021

Reactor Age
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Lifetime Projections
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World Nuclear Reactor Fleet
in Units, from July 2021 to 2050
7/2021
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Kernenergie heute (Mai 2022)

o Globaler Antell an der Energiebereitstellung (2019): 606 EJ
— Fossile: 80,9%
— Nuklear: 5,0% (ca. 10% der weltweiten Stromproduktion)
o 441 Kernkraftwerke (Nuclear Power Plants, NPPs) ,in Betrieb”
e 394 GW installierter Netto-Gesamtleistung
e 33 Lander mit NPPs ,in Betrieb” (incl. Taiwan)

— Von diesen 23 Lander mit weniger als 10 NPPs
e 118 NPPs > 40 Jahre, 13 NPPs > 50 Jahre

e Durchschnittsalter > 30 Jahre

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022 Data: IEA, IAEA PRIS, WNISR 13
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Kernenergie heute (Mai 2022)

e 53 NPPs ,in Bau®
— Vor allem China (15), Indien (8), Russland (4), Studkorea (4)

— Aber auch einige ,Einsteigerstaaten”: Turkei (3), VAE (2), Bangladesch
(2), Belarus (1)

o In Bau befindliche Reaktoren sind praktisch ausschlief3lich
Leichtwasserreaktoren (Light Water Reactors, LWRS) der
Generationen Il und Ill, nur wenige ,Gen IV* (3 FBR China, Indien,
Russland; 2 SMR Argentinien, China)

— Ohne Verlangerung von Laufzeiten existierender Reaktoren wird die
Stromproduktion aus Kernkraft abnehmen

— Neubauvorhaben sind nicht ausreichend, um die gegenwartige
Installierte Leistung aufrecht zu erhalten

— Aber auch: ,Einsteigerstaaten® kommen hinzu

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022 Data: IAEA PRIS, WNIRS 14
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Nuclear Physics Fundamentals
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Nuclear binding energy
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Average binding energy per nucleon (MeV)
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Nuclear fission

235
92

U+ in—— 2Kr + '"#Ba + 3)n + 210 MeV
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Nuclear chain reaction
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Fuel pins / Fuel elements
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Druckwasserreaktor (DWR)
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Dampf 6 MPa, 280 °C

Dampf-
erzeuger

Reaktor-
DruckgefaB

Sekundéarwasser

Turbine

Kondensator
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Safety, Security, Waste, Costs
— and War
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1 3.1

Safety
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Fundamental Aspects of Reactor Safety

High Power Density:

o Nuclear vs. chemical energy per reaction
Factor one million (eV — MeV)

Due to long operating cycles (typicall one year or more):
o High initial reactivity

e High radioactive inventory

Decay Heat:

o Even after Shutdown of reactor, considerable heat generation from
radioactive decay of fission products

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022 23



Energy from nuclear fission

Oko-Institut e V.

Kinetic energy of fission products 175 MeV 83,3 %
Kinetic energy of fission neutrons 5 MeV 2,4 %
Energy from Gammy decays (immediate) 7 MeV 3,3%
Energy from radioactive decay (delayed) 13 MeV 6,2 %
Energy from neutrinos 10 MeV 4,8 %
Total 210 MeV

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022
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Decay Heat: The Example of Fukushima Dai-ichi

Six Month after Shutdown
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Decay Heat of Fuel in Reactor{ichangas in a half year period after the earthguake) May 26, 2011
Tokyo Electric Power Company
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What does it mean?

Unit 1, Fukushima Dai-ichi, thermal Power 1.380 MW, Cooling by
water evaporation:

o After one hour approx. 22 MW
— 31 tonnes of water per hour

o After one day approx. 11 MW
— 15 tonnes of water per hour

e 1.July 2011 ca. 1 MW
— 1,4 tonnes of water per hour

e 19.02.2015, cooling without steam generation
— 315 m3 per day

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022 26
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Tsunami: Total Station Blackout
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Tsunami strike taken from F
NPS south side observatory

Hat Kernenergie eine Zukunft?| C. Pistner| Miinchen | 23.05.2022 Source: TEPCO/MEXT
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Fukushima Daiichi, March 2011

www.oeko.de

Hat Kernenergie eine Zukunft?| C. Pistner| Miinchen | 23.05.2022 Source: TECPO 28




Oko-Institut e V.

Conseqguences of severe accidents —
The Case of Tschernobyl

Smolensk®

e Areas of several hundred
square kilometres would
Russia | have to be evacuated and

-~ remain uninhabitable in the
- long term

*Minsk

Belarus
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1 3.2

Security




Nuclear weapons materials
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(Reflected) | Neutron Rate Heat Rate
Critical mass [n/ms] [W]
Uranium (HEU
( ) 19,2 kg <0,04 -
95% U-235
Uranium (LEU)
360 k 7,2 -
20% U-235 J
Plutoni WP
utonium (WPu) 4.6 kg 246 11,6
94% Pu-239
Plutonium (RPu
(RPU) 5,8 kg 1882 77,3

60% Pu-239

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022
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The Nuclear Part of the Trinity Test Nuclear Weapon
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Size of the Plutonium Core of the Nagasaki-Weapon

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022 Source: IPPNW 33
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Nuclear Nonproliferation

e Access to nuclear weapons-related materials key to nuclear
weapons ownership

o Essential materials/technologies:

— Plutonium / Reprocessing

— Highly enriched Uranium (HEU) / Enrichment

— Possibly others (Tritium, U-233, Np-237 ...)/ ...
o Main possibilities/necessities of control for:

— Stocks of existing materials

— Technologies for the production of new materials

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022 34
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Mohamed EIBaradei (ehem. IAEA-General director)

,oome estimates indicate that 40 countries or more now have the know
how to produce nuclear weapons. (...) We are relying primarily on the
continued good intentions of these countries, which ... could ... be
subject to rapid change.”

,Information and expertise on how to produce nuclear weapons has
become more accessible. This places extra emphasis on the
importance of controlling access to weapon-usable nuclear material.”

,+And under the current regime, there is nothing illicit for a non-nuclear
state to conduct uranium-enrichment activities ... or even to possess
military-grade nuclear material.”

IAEO-Konferenz 20.9.2004, Speech UN-GA 3.11.2003, Interview in Le Monde 31.10.2003

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022 35
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1 3.3

Waste
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From nuclear power plant to repository: The paths of radioactive waste

Waste recycling

' Clearance | and disposal
by S facilities
decision clearance =

Non-
clearable Interim
storage

Konrad shaft:
repository for low
and intermediate
level waste

Dismantled
waste

Operational Repository
waste for high
level waste

Reprocessing

Py |

2 On-site
Vitrified waste interim
~» canisters, Casings storage

Spent fuel

past practice

SOURCE: OEKO-INSTITUT, 2017



& Oko-Institut e V.

m - -
=1 Endlagerung — Konzept, Risiken und
(@)
X . . .
3 Langzeitsicherheit
(@)
= Wirtsgesteine im Vergleich
modifiziert nach BGR 2007
Gesteinseigenschaften
. . . Kristallingestein
Eigenschaft Steinsalz Ton/Tonstein (z. B. Granit)
> Dko—m;n[m 2014
Temperaturleitfahigkeit gering gunstig
Durchlassigkeit mittel
Festigkeit gering bis mittel unguinstig
Verformungsverhalten plastisch bis sprode sprode
~Oko-Institut 2014
Ldsungsverhalten
Sorptionsverhalten sehr schlecht bestenfalls mittel bis schlecht
Temperaturbelastbarkeit gering
L . . hoch (ungekliiftet)
Hohlraumstabilitét gering (Ausbau notwendig) bis gering (stark geklaftet)
Granit
Quelle: nach BGR
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1 3.4

Costs
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Example:
Areva European Pressurised Reactor (EPR)

— Olkiluoto, Finland:
e 2002: plant approved, cost €2.5bn
e 2005: construction start, cost €3bn, completion 2009
e 2019: cost €11.4bn, completion 2020+
— Flamanville, France:
o 2005: plant approved, cost €3bn
e 2007: construction start, cost €3.3bn, completion 2012
o 2019: cost €10.9+bn, completion 2022-24
— Hinkley Point C x 2, UK:
e 2008, cost £4bn
e 2013 when power purchase price set, cost £14bn

e 2019 construction start, completion 2025-27, cost £21.5-22.5bn

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022 Source: Steve Thomas, Vienna, 2019 43
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Example:

Westinghouse AP1000
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- Summer x 2, US:
e 2012: construction/operation license, cost $9.8bn
e 2013: construction start, expected completion 2017-18

o 2017: project abandoned, cost estimates up to $25bn+

—~ Vogtle x 2 (US):
e 2008, estimated cost $14.2bn

e 2012: construction/operation license

g [N s &
e 2019, construction cost $23-27bn, completion late 2021, late

— 2017, Westinghouse files for bankruptcy due to losses on Vogtle &
Summer, now owned by Canadian company

Hat Kernenergie eine Zukunft?| C. Pistner| MUnchen| 23.05.2022 Source: Steve Thomas, Vienna, 2019, Photo Courtesy of High Flyer © a4
2017
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Historical Cost Development
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Selected Historical Mean Costs by Technology
LCOE values in US$/MWh *
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Lazard LCOE Versions

* Reflects total decrease in mean LCOE since Lazard's LCOE VERSION 3.0in 2009.
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Capacity and Electricity — Nuclear vs. Renewables
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Wind, Solar and Nuclear Capacity and Electricity Production in the World
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. ° .
in GWe o in TWh/year
. )’;D )’;
z  Wind 622 2
g Solar 581 g o® 2,6.30 2,6.57
'“Cz; Nuclear o ‘“é’ 24.44. P .2,626 0o e .2,4.41. o® ©
0 Nuclear (excl. LTO) ~ Og® ® o0 2,553
L o b 2,346
a a
y o 391392 m
350 567 . oo OO0 z
P 3 = eo0oegge o P K | ! ° oo ®® o 5 1,5.91
W 650 0@ ° 364 367 . 1418
B o 339 B Nuclear . o
E o 21 E Wind
x 1819 ° x Solar 831@ 856
g o 2] o (]
= o Z o 08
o
- ° - 347 9-®
) 58 L . o o ) 5¢
a1 .124 o ® 34 ®
TS R

1997 2000 2005
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Kernkraftwerke und Krieg |

o Kurzfristige Folge der Ukraine-Krise

- Diskussion um Energieunabhangigkeit von Russland (Ol, Kohle,
Gas ... Atom??)

— Abwagung des Nutzens und der Kosten eines (befristeten)
Weiterbetriebs noch laufender Kernkraftwerke durch BMWI und
BMUV:

,Im Ergebnis einer Abwagung von Nutzen und Risiken ist eine
Laufzeitverlangerung der drei noch

bestehenden Atomkraftwerke auch angesichts der aktuellen
Gaskrise nicht zu empfehlen*

Hat Kernenergie eine Zukunft? | C. Pistner| Miinchen | 23.05.2022 48
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Kernkraftwerke und Krieg Il

o Mittelfristige Fragestellungen:

- Verwundbarkeiten der Kernenergie in Krisen-/Kriegsgebieten?

o IAEA (,seven indispensable pillars of nuclear safety”):

physische Unversehrtheit

Sicherheits- und Sicherungssysteme funktionsfahig
Betriebspersonal

externe Stromversorgung

ununterbrochene logistische Versorgungsketten
Strahlungstberwachung

Kommunikation
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Kernkraftwerke und Krieg Il

www.oeko.de

o Mittelfristige Fragestellungen:

- Verwundbarkeiten der Kernenergie in Krisen-/Kriegsgebieten?
o |IAEA (wahrend Ukraine-Krieg beeintrachtigt):

— physische Unversehrtheit

— Sicherheits- und Sicherungssysteme funktionsfahig

— Betriebspersonal

— externe Stromversorgung

— ununterbrochene logistische Versorgungsketten

— Strahlungsuberwachung

— Kommunikation
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o ,Taxonomy: Final report of the Technical Expert Group on
Sustainable Finance” Marz 2020

— Substantially contribute to at least one of six environmental objectives
— Do no significant harm to any of the other five environmental objectives
— Comply with minimum safeguards

— Annex:

“Given these limitations, it was not possible for TEG, nor its members, to
conclude that the nuclear energy value chain does not cause significant harm
to other environmental objectives on the time scales in question. The TEG
has therefore not recommended the inclusion of nuclear energy in the
Taxonomy at this stage.”
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Taxonomie Il

e 29.03.2021:

—~ JRC report “Technical assessment of nuclear energy with respect to the
‘do no significant harm’ criteria of Regulation (EU) 2020/852 (“Taxonomy
Regulation’)”
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Kurzstudie im Auftrag der Boll-Stiftung (Brlssel)

[ HEINRICH BOLL STIFTUNG
ECOLOGY

E-PAPER

Sustainahility at risk

A critical analysis of the EU Joint
Research Centre technical assessment
of nuclear energy with respect to the
“do no significant harm” criteria of
the EU Taxonomy Regulation

DR. CHRISTOPH PISTNER, DR. MATTHIAS ENGLERT,
DR. BEN WEALER

Commissioned by Heinrich-Bdll-Stiftung, September 2021

www.oeko.de

Working Paper

Nuclear Power and the ,do no significant harm” criteria of the EU
Taxonomy

Oeko-Institut Working Paper 4/2021

Dr. Christoph Pistner
Dr. Matthias Englert
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Maximum number of fatalities
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Figure 3.5-1. Severe accident fatality rates and maximum conseguences (black points) assessed for selected electricity
supply technologies with the associated energy chains
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supply technologies with the associated energy chains

Figure 3.5-1. Severe accident fatality rates and maximum conseguences (black points) assessed for selected electricity
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Other indicators — Examples

o Human health aspects (besides fatalities)

— Ashley et al.: 335.000 evacuees from Chernobyl, 160.000 people after
Fukushima

o Land and water contamination
— Hirschberg et al.: lost land of 3.500-4.500 km?
e Damage and external costs

-~ IRSN: grave accidents 50-250 billion Euros, major accidents: 200-1000
billion Euros

— Sovacool et al.: normalised risk in terms of damage per TWh amounts to 3
million US$ for nuclear
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Other indicators
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Overall Conclusions on Severe Accidents

e JRC:

— ,Severe accidents with core melt did happen in nuclear power plants ...”

— “Severe accidents are events with extremely low probability but with

potentially serious consequences and they cannot be ruled out with 100%
certainty”

— “The consequences of a severe accident at a nuclear power plant can be
significant both for human health and the environment.”

— Severe accidents in nuclear power plants can happen and they do
have significant consequences for human health and the environment

— Thus, taking into account all consequences of severe accidents,
nuclear power clearly violates any possible meaningful definition of a
“do no significant harm” criterion
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,Generation IV* — Was ist das?
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Neue Reaktorkonzepte (,GEN IV*/ SMRs)?

)=

J

UV
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Medien zu ,Neuen Reaktorkonzepten® (in CH in 2016)

e ,10.000 mal weniger Abfalle” wie gangige Kernkraftwerke
o Diese Abfalle bereits ,nach 1.000 Jahren® ungefahrlich

o Stromproduktion ,so billig, dass sich sogar Schwellenlander die
Technik leisten konnen®,

e Die sind Reaktoren ,inharent sicher”, schwere Unfalle werden somit
unmaoglich

o Aufgrund des verwendeten Thoriums als Brennstoff bieten solche
Reaktoren ,keine Moglichkeit, Waffen herzustellen®

o Bereits ,in 15 bis 25 Jahren® am Markt verfugbar

Hat Kernenergie eine Zukunft?| C. Pistner| MUnchen| 23.05.2022 NZZ vom 09.10.2016, Basler Zeitung vom 12.10.2016, Die Weltwoche 66
vom 03.11.2016, Zofinger Tagblatt vom 22.11.2016 und Schweiz am
Sonntag vom 04.12.2016
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Was sind ,neue Reaktorkonzepte™?
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e In 2000 Grundung des ,Generation IV International Forum®

Generation I

S Generation II
Ear|y Prototype ﬁ neratlon I
Reactors Comr;ercnal Power .
feacurs Adanced BT ] GenerationV
LWRs
R Evolutionary
‘_.mlwwl-:lllullj-l_l‘l o Designs Offering - Highly
W00 Sy 4 Improved Economical
Economics for - Enhanced
o Near-Term Safety
il s Beplayment - Minimal
- Dresden, Fermi |
ABWR Waste
- Magnox N K . .
- LWR-PWR. BWR Proliferation
d - System 80+ Resistant
- CANDU esistan
- AGR
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Gen |V ,New Reactor Concepts”

o Sodium-cooled Fast Reactor (SFR)
— Only concept claimed to be commercially available

(Very) High Temperature Reactor — (V)HTR

— Currently under development espescially in China

Gas-cooled Fast Reactor (GFR, not discussed in the following)

o Molten Salt Reactors, MSR
— Only reactor concept with liquide fuel
e Lead-cooled Fast Reactor (LFR, not discussed in the following)

o SuperCritical Water-cooled Reactor (SCWR, not discussed in the
following)
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Gen |V ,New Reactor Concepts”

e Sodium-cooled Fast Reactor (SFR)

— Only concept claimed to be commercially available

(Very) High Temperature Reactor — (V)HTR

— Currently under development espescially in China
Gas-cooled Fast Reactor (GFR, not discussed in the following)

e Molten Salt Reactors, MSR

— Only reactor concept with liquide fuel
e Lead-cooled Fast Reactor (LFR, not discussed in the following)

o SuperCritical Water-cooled Reactor (SCWR, not discussed in the
following)
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Sodium-cooled Fast Reactors (SFR)

f

Cold Plenum

Hot Plenum
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(Zentrale) Vor-/Nachtelile

e Bessere Ausnutzung von
Uran

e Niedrige Drlcke bei
gleichzeitig hoheren
Temperaturen
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e Problematik der

Reaktivitatskontrolle (positive

Ruckkopplungseffekte)

e Chemisch reaktives
Kuhlmittel (Natriumbrande)

o Proliferationsgefahren im
Zusammenhang mit
Plutoniumnutzung
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System Development Timelines

2000 2010 2020

2030

Timelines for the SFR
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2030

e Le Monde, 29.08.2019: la France abandonne la quatrieme

genération de reacteurs (ASTRID)
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SFR - Conclusions

o Status: More than 20 prototype reactors and 400 years of operational
experience since 70 years of R&D, still no commercially viable
system

o Fuel utilization: Fundamental aspect of breeding new fissile material
not needed in the forseeable future

o Safety: Specific advantages as well as disadvantages, but
safety/performance record is bad up to now

o Proliferation: Potentially significant disadvantage, as very high quality
of fissile materials can be produced, but strongly depending on actual
technical layout
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Definitionen ,.SMR" — einige Beispiele

www.oeko.de

o IAEAARIS:

“advanced reactors that produce electric power up to 300 M\W(e), designed to be built
in factories and shipped to utilities for installation as demand arises”

o U.S. NRC (2020):

“The NRC refers to light water reactor (LWR) designs generating 300 MWe or less as
small modular reactors (SMRs).”

« WNA (2020):

“Small modular reactors (SMRs) are defined as nuclear reactors generally 300 MWe
equivalent or less, designed with modular technology using module factory fabrication,
pursuing economies of series production and short construction times.”
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Betrachtete SMR-Konzepte
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A
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NuScale PHWR-220 ACPR50S HTR-PM i s "SSR-W300 AURORA
Land-based, Marine-based, High temperature, Fast neutron Molten salt Microreactors
Water - cooled Water - cooled gas - cooled spectrum reactors reactors
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NuScale (NuScale Power Inc., USA)

www.oeko.de

o Entwicklung seit 2003, In Betriebnahme
2026 geplant

o 50 MWe, Wassergekuhlt und moderiert
e <4,5% angereichertes UO,

o Passive Sicherheitssysteme

e Integraler RDB, kein LB-LOCA

e Strom/Prozesswarme

o skalierbar, 12 Module/Anlage,
Industrielle Herstellung geplant

o Containment, passive Kuhlung durch
Pool

o Auslegung gegen Erdbeben (0,5 g),
unterirdische Bauweise
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Einsatzbereich Klimaschutz

o Sofern SMR auch im Kontext der Bekampfung der Gefahren des
Klimawandels zur globalen Stromversorgung vorgeschlagen werden,
Ist die mit ihnen erzielte Stromproduktion relevant:

— Heutige neue Atomkraftwerke: 1.000-1.600 MWe
- SMR: 1,5-300 MWe

o Um weltweit dieselbe elektrische Leistung zu erzeugen ware eine um
den Faktor 3-1000 (typisch Faktor 10) grof3ere Anzahl an SMR-
Anlagen erforderlich

o Alleine zum Ersatz der heute circa 400 Reaktoren mit grol3er
Leistung wirde dies also den Bau von vielen tausend bis
zehntausend SMR-Anlagen bedeuten
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Abbildung 6: Kostensteigerungen beim Bau von SMRs
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Schlussfolgerungen |

o Die existierenden Reaktoren sind sehr alt (> 30 a im Durchschnitt)

o Ohne Laufzeitverlangerungen (und damit verbundener Unfallrisken)
wird die nuklear erzeugte Stromproduktion abnehmen

o FUr alle gegenwartig in Betrieb befindlichen KKWs kénnen schwere
Unfalle nicht ausgeschlossen werden

e EIn massiver Neubau von KKWs wird das Risiko schwerer Unfalle
und der Weiterverbreitung von Kernwaffen ernéhen

o Nur wenige Staaten haben bislang das Problem der Entsorgung
hochradioaktiver Abfalle adressiert, noch kein Staat hat ein in Betrieb
befindliches Endlager

o KKWs sind keine kostengilinstige Option zur Bekampfung des
Klimawandels
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Schlussfolgerungen li

,Neue“ Reaktorkonzepte sind alt

Graduelle Verbesserungen sind moglich, ein radikaler Durchbruch
jedoch nicht in Sicht

Ein kommerziell konkurrenzfahiges System ist nicht in Sicht

Fur einige Reaktorkonzepte konnen mit Blick auf einzelne Aspekte
Vorteile ausgemacht werden

Kein Konzept weist substanzielle Vorteil mit Blick auf alle relevanten
Problemfelder gleichzeitig auf

Verschiedene Kriterien zur Verbesserung stehen in Konkurrenz zu
einander (bspw. Sicherheit vs. Kosten)

Neue Reaktorkonzepte, die nur bei einzelnen Aspekte Vorteile bieten,
werden nicht zu einer hoheren gesellschaftlichen Akzeptanz fihren
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Schluf3

An academic reactor or reactor plant
almost always has the following basic
characteristics:

1.

2.

It is simple.

It is small.

It is cheap.

It is light.

It can be built very quickly.

It is very flexible in purpose ("omnibus
reactor").

. Very little development is required. It will

use mostly "off-the-shelf* components.

. The reactor is in the study phase. It is

not being built now.
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On the other hand, a practical reactor plant
can be distinguished by the following
characteristics:

1.

2.

It is being built now.
It is behind schedule.

It is requiring an immense amount of
development on apparently trivial items.
Corrosion, in particular, is a problem.

It is very expensive.

It takes a long time to build because of
the engineering-development problems.

It is large.
It is heavy.

It is complicated.

Quelle: Hyman Rickover, Journal of Reactor Science and Technology Vol 920
I, No. 3, June 1953
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