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Sistema regulador en Espana

Datos basicos

Organismaregulador(CSN)
A Independientedel Gobierna Rindecuentasal Parlamento
A Financiadapor tasas (presupuestdndependiente)
46 MillonesEurog/ano
A Plenoformadopor 1 presidentey 4 Consejeros
A Personal 454 Personas66%con licenciaturauniversitaria
A Alrededorde 2.100 inspeccionespor afio. Inspectoresresidentes(n+l en cada
en plazamientode Centralnuclear)+ programasespecificosle inspeccion

La Mision del CSNes proteger a los trabajadores, la poblaciony el medio ambiente de los efectos nocivosde las
radiacionesionizantes,consiguiendoque las instalacionesnuclearesy radiactivas seanoperadaspor los titulares de
forma segura,y estableciendolas medidasde prevenciony correccionfrente a emergenciasradioldgicas,cualquiera
gueseasuorigen
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Seguridad nuclear y educacion nuclear

Una manera de mejorar la seguridad de las instalaciones nucleares y radioactivas,
es mejorar la competencia de las personas que trabajan y dirigen esas
Instalaciones, por tanto la educacion, capacitacion, extension y gestion del
conocimiento en tecnologia nuclear son tareas claves.

En la presentacidon se enumeran algunas de las buenas practicas en las que el
autor ha participado en sus 32 anos de experiencia nuclear, 30 como catedratico de
Universidad de Ingenieria Nuclear y 2 como consejero del Consejo de Seguridad
Nuclear:

Se enumera 10 buenas practicas.


http://www.csn.es/

N SEGURIDAD NUCLEAR
VWW\.CSh.es

CONSEJO DE

10 buenas practicas en educacion nuclear

7.

8.

9.

Multimediade Fisicade ReactoredNucleares800 paginas idiomas,distribuidagratuitamentgpor la IAEA-NucleusCLP a mas100 paiseshttp://ele
arningiaeaorg/multimedianucleafreactorphysics

Catedraglel Consejode SeguridadNuclear,paraeducaciore investigacioren Seguridad\ucleary Protecciorradiologica 4 catedrasuspiciadasad
aunadeellascon70.000euros/afioDoceainosde experiencia

EuropearMasterin NuclearEnergy(EMINE). 2 afios primerafioen UPCG-BarcelonaEspafna KTH-EstocolmeSueciay SegundafioenParisSacla
y Franciao GrenobleFrancia, 30 becasanualesieunos35.000euros/beca

Bolsadetrabajodela SociedadNuclearEspanolaparaunir la producciondeingenierosiuclearexonlasempresasiemandantede esosngenierosL
osinscritosenesabolsa,recibenpor correoelectronicofodaslas ofertasquelasempresapresentam la bolsadetrabajo

Programale formacionpracticaenel areadeIngenieriaNuclearmedianteel SimuladorConceptuatie CentralNuclearDFEN-ETSEIB-U P C pag 20
6, Barcelona2012(idioma Espafiol) E-printsUPC, http://hdl.handlenet211717191 (ldioma English),E-prints UPC, http://hdl.handlenet?211717
190

Organizaciorde un programade visitastécnicagaraestudiantesle master centralnuclear fabricade elementosie combustible almacénderesiduos
radiactivosde muy baja,bajay mediaactividad,fabricade equiposnuclearesteactorde fusion nuclearl TER, reunionanualconlos directoresde 8 ce
ntralesnucleares

Desarrollode practicasexperimentalesenlaboratoriodocentesle fisicanuclearjnstrumentaciomucleartecnologiadelasradiacionesonizantespr
oteccidnradiologica

Capacitaciorsobreoperaciordereactoresiucleareparaingenierosde centralesucleareso técnicosdel Consejode SeguridadNuclear
Cursosparaprofesoresle educaciérsecundarigdobreenergianuclear,organizadopor el ForoNuclear

10. Cursosparaperiodistasobreenergianuclearorganizadogor el ForoNuclear
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FISICA DE REACTORES NUCLEARES
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NEUTRON MULTIPLICATION IN A NUCLEAR REACTOR

Another definition of the multiplication factor k can be expressed in terms of a balance:

neutron production rate in the reactor P(1)

k= =
neutron loss rate (absorption + leakage) in the reactor L(t)

In this way lifetime of the free neutron (/) can be defined, being equal to:
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REACTOR KINETICS

@1, Lo & p
L+l St wrl, o+ A

|:%M|

(29)

,0:

Af w=0, then p= 10,

. If @ varies from zero to +oo, p grows positively, taking as limit the value 1,
. If @ varies from 0 to -4 (with values to the right of -4), p tends to -,

. If @ tends to -4 (with values to the left of -4), p tends to +oo;

If @ tends to -1/1, (with values to the right of -1/,), p tends to -o0,

. If @ tends to -1/1, (with values to the left of -1/,), p tends to +o

. If @ tends to -a0, p tends to +1.

N AW N -

1

Right hand side
of Equation 29

 Indem

Figure 8 - Variation of p as a function of @ (1 group of delayed neutrons)




Samples of Nuclear Reactor Physics Multimedia (language: English):

NEUTRON MULTIPLICATION IN A NUCLEAR REACTOR
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In order to adjust & to the desired value. neutron production rate has to be adjusted with the rate

of disappearance.

The neutrons from the reactor may disappear in two ways:
(a) escaping from the reactor through its surface and

(b) being absorbed by nuclear reactions and radiative capture reactions in the material that

comprises the reactor.
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CHEMICAL SHIM

Example 1 - A PWR type reactor has a total of reactivity excess of 20%, while the total reactivity
value of control rods 1s 72%. What should be the minimum concentration of boric acid, in ppm
and in g// in the water (moderator) so that the reactor does not become critical, knowing that its
thermal utilization factor (without boric acid) is 0.900?

Solution. The amount of negative reactivity to be assigned to chemical shim, or boric acid, will be
20 — 12 = 8%. From Eq. (8), the boron concentration should be:

o —IEOTRsRIRE(I— ) (8)

o p- 100 A
- 1.92-(1-£) 1.92-(1-0.9)

The molecular mass of boric acid (H3B03) 1s 3x1+10.8+3x16=61.8.

=417 ppm de boro

Therefore, the boric acid concentration that is necessary to obtain a boron concentration of
417 ppm is:
(61.8 x417)/10.8 = 2386 ppm of boric acid.

Considering that there will be 2386 g of boric acid in 10° g of water, that occupies a volume of
about 1000 I, the concentration in g// should be 2386 g/1000 1 = 2.39 g/l.

Index LI




FISSION PROCESS IN A NUCLEAR REACTOR

Reactivity

/ W/
£ \ [/

e first is the fact that the rate of released energy must be
timated. This energy is released in the form of heat due to
> emission of ¥ and £ radiation by the fission products.

en after the shutdown of the reactor, a large amount of heat
at is released remains in the fuel due to the presence of
ssion products. Therefore it becomes necessary to evacuate
1is heat, not interrupting the flow of coolant in the reactor.
Dtherwise, the temperature of the fuel elements would
ncrease, and they could suffer damage.
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FISSION PRODUCT POISONING

c) t= 6 hours after the

rod insertion
Figure 12 - Axial oscillations of xenon following a change in axial power (I1])




Multimedia on Nuclear Reactor Physics e
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IAEA distributed for education and training to 100 Member States

_ ArgentindBrazilBoliviaCanadaChile,
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