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Introduction

Nuclear Energy usually refers to a wide concept which includes all
the knowledge and techniques allowing the use of the energy
contained in the atomic nucleus.

This nuclear energy keeps the components of the nucleus
together and can be artificially or spontaneously emitted by means
of nuclear processes or reactions.
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Evolution of Nuclear Energy in Spain
(1)

The development and evolution that nuclear energy has
experienced in an international and national framework can be
established in the following stages, defined by the historical facts
and the successive reactions to them:

[Origin: discovery of radioactivity at end of XIX century ...]

15t stage: Secret and militarization of all the matters related to
nuclear energy (1939-1953)

2"d stage: Demilitarization and promotion of the civil uses of
nuclear energy in search of its commercialization (1953-1979)

3'd stage: Revision of the nuclear matters under the view of the
nuclear safety (1979-nowadays)
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Evolution of Nuclear Energy in Spain

(1)

1st stage: Secret and militarization of all the matters related to nuclear
energy (1939-1953)

« Discovery of nuclear fission (1938-39)

« Awareness of energy potential: military control of research

« First nuclear reactor in the frame of the Manhattan Project (CP-1,1942)
« World War II: nuclear bombs in Hiroshima and Nagasaki (1945)

« Spain: no relevance in the field of nuclear physics, it suffered

international secrecy

= National intervention on uranium mining

= 1947 “agreement” with USA: supply of bibliography on nuclear

= Creation: Junta de Investigaciones Atomicas (1948) for high qualification
personnel formation, uranium mining exploitation and uranium physics,
Estudios y Proyectos de Aleaciones Especiales - EPALE SA (1949) for
geology, mining, physics and metallurgy, Junta de Energia Nuclear - JEN
(1951), rebirth as research center.
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Evolution of Nuclear Energy in Spain
(111)

2"d stage: Demilitarization and promotion of the civil uses of
nuclear enerqy in search of its commercialization (1953-1979)

« 1953 United Nations: “Atoms for Peace” declaration ->
promotion for commercialization of the peaceful uses of
nuclear energy

* Openness of the knowledge on nuclear physics

e Spain: 1955, agreement with USA -> JEN-I reactor (1958),

José Cabrera power plant (1968) & Sta. M. de Garofia (1970)

= Regulation change: Ley de Liberalizacion del Ciclo del Uranio
(1958), Ley Energia Nuclear (1964)

= Creation of ENUSA (1972)

=  Spain’s membership to international organisms: NEA/OECD,
Moscow Treaty (banned nuclear weapon tests in the
atmosphere, in outer space and under water), Paris & Brussels
Conventions (damage compensation/liability as a result of a

nuclear accident)...
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Evolution of Nuclear Energy in Spain
(V)

3rd stage: Revision of the nuclear matters under the view of the nuclear
safety (1979-nowadays)

« Anuclear programme is activated in several countries, including Spain

« Concern on nuclear safety (NS) and radiologic protection (RP),
nuclear option for energy mix

« Spain: development of regulation on NS-RP, creation of CSN (1980),
ENRESA (1984), and CIEMAT (1986)
= 1983 nuclear moratorium (5 of 7 projects cancelled)
= 1987 Signature of Treaty on the Non-Proliferation of Nuclear
Weapons
= General Plan on Radioactive Waste (6 up to now 1987— )
>> E| Cabril, ATC 5 <2
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Centrales Mucleares proyect

Patencia Emplazamientd
Central - Tipo : ;
eléctrica G {provincia) B
w Jost Cabrera 160 PR Guadalajira & %
WK Sta. Maria de Garofa 460 BWH Burgos
Vandallos | 4 83025930 GCR Tarragona =
K Almaraziyil 24930 PAYR Cieres
Lemdniz | y 1l 1*831 PR Vizeaya
Asca | 930 PYWR Tamagana
i* Ascon 930 PYYR | airegonsa
Cofrantes 575 OWE Valencl |
Santillana 500 LWH Sanmtander B

Punta Cndata Iy I 2*10a0 LW Gulpizeua

Trilla 1y 0 2*1000 PR Guadalajara

alleros | & Il (not connected to the grid)

Sevilla de Clocoricidad
Hidro. Etpaii:;ln BOE 2901175 19811982
Fonosa/Vicsga/H.
Cantabriko BOE 23/05//6 A
lecrducro BOLC 25/11/75 1281
Iberducra 1985
Iberducro 19881999
FECSA/UEfELAJERL 1982/1986
Hidroeldarica Capafiala 1981
Sevwilla di: Clectricidad 1961/1983
Sovdilla di Electricidad 18801950
H.E.
H.E./H.EfSevillana
ENHER/HECSA Hidroe. :
Dol Segre/EECSA BOE 12/03/76 1938
FECSA BOE 12/03/76 1983
. Sanchez Ran, ed. CIEMAT 2001 Tahla 1.1
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‘Historia Nuclear de Espana

“Historia Nuclear de Espana”
Rafael Caro et al.
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The main use
electricity by me
fission reactors (
not yet available).

Currently, there
construction (Asia
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B Foro Nuclear

tria Nuclear Espafola

|

"7 operating nuclear
power reactors

sites

net power

of total net installed
power

Nuclear energy data

in Spain in 2019

Most hours
of operation

90 % of the total

hours in one year

7,846 hours

of 8,760 in a year

Most emissions
avoided

36022 % of

emissions-free
electricity

Source: Foro Nuclear with data from REE



Spanish annual electricity balance

2017 B Hydroelectric
B Nuclear
Hydroelectric 20,574
Huclear 55,612 M Coal
Fossil Fuels 89,568 NR Fuel + Gas
—_—
Coal 45,155 63.1% .
' ( ) B Combined cycle
Fuel + Gas 7016
Combined cycle 37,353 W Hydro-wind
Renewable and waste 096,911 B \Wind
Hydro-wind 20
Wind 47 536 B Photovoltaic solar
Photovoltaic solar 8,359 B Thermal solar
Thermal =olar 5,350 .
Ren. W Other renewable energies
Other renewable energies 3,623 (36 9%)'<
Cogeneration 28182 B Cogeneration
Waste 3,481 H Waste
Total generation (GVWh) 262,665
Source: Red Eléctrica Espafiola
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Spanish nuclear power plants

Commercial Licenced
Reactors  Type . Owner (%); operator
operation to
A EIErAl PWR 1011 1981 1981 Iberdrola 53%, Endesa 36%, Gas Natural 2021/27
PWR 1006 1983 1984 Fenosa 11%; CNAT 2023/28
PWR 995 1983 1984 Endesa (100%); ANAV 2023/29
PWR 997 1985 1986 Endesa (85%), Iberdrola (15%); ANAV 2025/30
BWR 1064 1984 1985 Iberdrola (100%); Iberdrola 2021/33
_ Iberdrola (48%), Gas Natural Fenosa
Trillo 1 PWR 1003 1988 1988 2024/35
- (34.5%), EDP (15.5%); CNAT
Vandellos
PWR 1045 1987 1988 Endesa (78%), Iberdrola (28%); ANAV 2027/34
7121 Nuclear Power Plants in Spain
Total (7)
MWe

Garona @

Type Net MWe First power Shutdown Years of operation o Trillo Vandellos
Madrid«
Vandellos 1 UNGG 480 1972 1990 18 Ppa— QQ
Jose Cabrera (Zorita) PWR 142 1968 2006 38 Cofrentes ® c
Santa Maria de Garona BWR 446 1971 2012 41
MINISTERIO CCZ: f In've'm:c‘io': F. Alvarez-Velarde - Nucle:
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Spanish radioactive facilities

| nSta laCIOneS nuclea res Potencia bruta PWR: Reactor de Agua a Presion
5 3 instalada (2014) BWR: Reactor de Agua en Ebullicién
en Espafna, mucho mas
que reactores nucleares .
a REACTOR EN REACTOR EN GESTION/ALMACEN FABRICA DE ELEMENTOS
FUNCIONAMIENTO DESMANTELAMIENTO DE RESIDUOS COMBUSTIBLES
En na hay cerca de 36.000
instalaciones radiactivas. mas
del 90% son para uso medico 7 ¥ 10325 Ascé iyl
Santa Matia de PWR PWR (Tarragona)
Garofia‘ (Burgos)
Juzbado
(Salamanca) Trillo : Vandellos |
(Guadalajara) (¢ (Tarragona)
.José Cabrera
35.980 (Guadalajara)
instalaciones PWR ’ ¥ 7AW Vandellos Il
radiactivas Almarazly !l PWR (Tarragona)
(Caceres) ii ¢
T Arcm ‘a - ETTYR cofrentes
" 34.592 instalaciones de rayos X @ @ (Villar de Cafas, CVERY  (Valencia)
Fii Cuenca)
34952 755 189 84 EL Cabril® reactores
Total uso Uso' Investigacion Uso Reactores (Hornachuelos, Cordoba) K nucleares v
médico industrial ydocencia comercial nucleares producen el 20%

de la electricidad

oM 6 1) o~ | s

Fuente: Ministerio de Industria. Energia y Turismo, CSN y elaboracion propia. (1) Desde el 6 de julio de 2013 se encuentra en situacion de cese de actividad.
(2) Almacén Temporal Centralizado de residuos de alta actividad y combustible gastado, en construccion. (3) Almaceén de residuos de baja y media actividad,

Source: Foro Nuclear
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Nuclear energy (ll)

The operation of a nuclear power plant is the same that the
operation of other power station (coal, oil, gas). Fossil or nuclear
fuels produce heat, which is used to boil water to make steam,
which is delivered to a turbine.

In the current nuclear reactors, this heat is created by means of
fission reactions produced in the nuclear fuel: the fission
generates heat and other particles (neutrons) with high kinetic
energy that can be transmitted to the surrounding media and used
to create more fission reactions.
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Nuclear energy (lll)

General scheme of a Pressurized Water Reactor (PWR)

Containment Structure
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Nuclear energy (V)

« R+D: The ADS (Accelerator-Driven subcritical System) are nuclear
systems where a high intensity accelerator (protons) makes high energy
particles collide against an adequate (lead) target producing a large
amount of neutrons due to the spallation reaction that can be used for
different purposes.
The main purpose of the ADS is the

| "','f? transmutation of high level nuclear waste,
Highenergyendof .~ “;X/ changing the long lived radioactive isotopes
accelerator (linac) i . .

e - present in the nuclear waste into other
Banding magnet o . . . .

,,f' isotopes having a smaller radiotoxicity and a

Proton beam ~

shorter lifetime.

Beam channel —___

Containmeant —

1998 — Project of building and ADS in
Zaragoza (Spain): Laboratorio del
Amplificador de Energia.

Targeticore vessel —_§

Blanket {(subcritical
core; nuclear —
waste)

2004 — Project of building a test ADS at the
ATC: Almacén temporal de residuos
radiactivos.

Moderator (slow-_—§
nautron sourca)

Spallation target ~

Liquid Pb-Bior Pb F. Alvarez-Velarde - Nuclear Innovation Unit - 15™ February 2021 19/29
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The Spanish ATC (Centralized Interim Storage)




ATI (Individual Interim Storage)

« Commissioned by ENRESA, in close collaboration with the owners, with
the aim of having more flexibility for the final transport of the spent fuel to
the ATC.

« Currently there are 5 ATIs in operation and 1 in construction: Trillo (2002),
José Cabrera (2009), Asco (2013), Almaraz (2018), Garoia (2018) and
Cofrentes (construction began in 2019). Vandellés pools are at 90%
capacity (plan for an ATl commissioned in 2026).

« Their goals are maintaining subcriticality, the confinement of the
radioactive material, the removal of the generated residual heat, having
capacity for the retrieval of the fuel, the control of the operatlonal pubhc
and environmental exposure. i, 4 {7 :

« All of them are dry storage excepting
Garona.

Asco nuclear power plant individual interim storage. Source: Spanish YGN
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El Cabril disposal facility

« The Spanish disposal facility for very low,
low, and intermediate level radioactive waste
(El Cabril) is located in Hornachuelos
(Cdrdoba) and is managed by ENRESA.

|t receives radioactive waste from nuclear
power plants and radioactive facilities.

« |t is divided into two well defined areas: the
buildings area and the disposal area.

 The low and intermediate level disposal area
Is formed by two platforms (north, with 16
disposal structures, and south, with 12).

 The disposal area for very low level waste
consists in one platform.
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Spanish regulation

Most of the Spanish regulation referring to nuclear activities is based on
international Treaties and Conventions signed by Spain and EURATOM
Directives. Later, these rules are transposed into national regulation.

The Spanish Nuclear Safety Council (CSN) is the sole nuclear safety and
radiation protection authority in Spain. The CSN is governed by public law
and by its charter. It is independent from the central government, and it has its
own legal personality and its own assets. It is accountable to the Congress of
Deputies and the Senate.

The CSN'’s mission is to protect employees, the population at large and the
environment from the harmful effects of ionizing radiation. It accomplish this by
ensuring that nuclear and radioactive facilities are operated safely and by
establishing the preventive and corrective measures to apply in all radiological
emergencies, no matter what their source.
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Spanish regulation
CSN proposes to the government the necessary nuclear safety and
radiation protection regulations and any updates to them that the CSN
deems advisable. The CSN also adjusts Spanish legislation to comply
with international legislation, especially European Union directives.

Similarly, the CSN prepares and approves technical documents for
nuclear and radioactive facilities and other activities within the areas for
which the CSN is responsible. In particular:

= |nstructions, compulsory technical rules on nuclear
safety (NS) and radiation protection (RP). They are
published in Spain’s official journal.

Guia de Seguridad 1.19

Requisitos del programa de proteccién
contra incendios en centrales nucleares

SN » Guides, technical recommendations for guidance.
Not compulsory.

Coleccion Guias de
Seguridad del CSN

1 Reactores de Potencia y
Centrales Nucleares.

~ = Circulars are informative technical documents about
facts or circumstances related to NS or RP.
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Nuclear industry in Spain

The Spanish companies related to the nuclear sector are present in all
aspects of nuclear power:

- design, construction, operation of nuclear power plants
- energy distribution

- fuel fabrication

- decommissioning/dismantling, waste management

- R&D projects

...all of this to a national and international level
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Nuclear Directory
Nuclear

The Spanish Nuclear Society vk Espana
provides the Nuclear Directory,
which includes information of
companies, products and services
made by Spanish companies.

W Sne

SOCIEDAD NUCLEAR ESPANOLA

More than 160 companies and
Institutions.

More info at:
www.directorionuclear.com
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Thank you for your attention
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