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Reactor Type

,,”[

Diferentes tipos de reactores en el
mundo

Total Number of Reactors: 442

PWR B Number of Reactors
BWR
PHWR

LWGR

GCR

FER

L=

50 100 150 200 250 300
Number of Reactors

Reactor Type Reactor Type Descriptive Name Nr of Reactors Capacity (MW)

Pressurized Light-Water-Moderated and Cooled Reactor 265020
BWR Boiling Light-Water-Cooled and Moderated Reactor 78 75208
PHWR Pressurized Heavy-Water-Moderated and Cooled Reactor 49 24592
LWGR Light-Water-Cooled, Graphite-Moderated Reactor 15 10219
GCR Gas-Cooled, Graphite-Moderated Reactor 14 7685
Fast Breeder Reactor 1369
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S El reactor de agua pesada (HWCR o
U - |canDu)

Es un || Usa uranio No puede usar H,O || Usa agua
PWR |[natural (0.72%) || por la absorcion pesada D,0

e

En lugar de una sola vasija, cada Menor moderacion

elemento combustible (fuel bundle) : ~
esta rodeado por un tubo a presion Nlcleo mas grande

Heawy water moderator Fuel. bund le

.Rﬁalan dna tube Jircaloy shea!h/

Gas gap /.

i
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Coolant E—-J1> IS
(heavy water) |
A
7 N
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Pressure tube — Vo, peliet = Fuel bundla

Heavy water moderator
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Los tubos a presion estan inmersos en
la calandria

ERRAR AR

La calandria es un tanque de agua | newon
pesada que actua como
moderador, pero no refrigerante

RN

s

- Calandria ,
. ET:ST Calandria Tube ,Ei';ﬁng
g - . . —
g Pres;urgTuh; -
L~ Closure B e
R Plug Fuel Bundle AN
T — x -
c e | . i —
S cortersorne’ En un CANDU la recarga
.S «+—— End Shield
5 Spacer puede hacerse en marcha
E«
S :>| Mayor disponibilidad
o
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uﬁﬁf Partes de un reactor CANDU

Fuel bundle

2. Calandria (reactor
\_ ( Core)

3. Adjuster rods
4, Heavy water
pressure reservoir
Steam generator
Light water pump
Heavy water pump
Fueling machines
Heavy water
moderator
10. Pressure tube
11. Steam going to
steam turbine

12. Cold water returning
from turbine

13. Containment building ﬂ
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El refrigerante hace un recorrido de ida

Dousing Tank

*@‘ y vuelta

El sistema esta
duplicado

e F 9L ey ]
. : ’q U :
i kol T T i s L L - Steam > —
“ Generators ™ 3
Dousing Sprays > “
1 Pressurizer HealP:::::pon ?
A . Low
= 7S ‘ Pressure \
.‘.l Turbine
‘\ S‘éi?&hﬁ
3 High RESERZS I
: Pressure
Turbine b ! Generator
Calandria
-~
— ? <— Cooling
Feed »— Water
Heating
2| Fueling Fueling "rx System Condenser
2IMachin Machine| Feed
s Moderator ; P
S Pump vaoR
; Condensate
Extraction
0 Pump
Pressure Rellef Duct |, . Moderator Heat Exchanger
and Valves Ny
CYN 2 o e e I N R BT O AL QI R I UG A S LY
VACUUM BUILDING REACTOR BUILDING POWERHOUSE SWITCHYARD

B HEAVY WATER MODERATOR [ STEAM

HEAVY WATER HEAT
TRANSPORT SYSTEM

B WATER

Hay que refrigerar el moderador




Caracteristicas de los reactores de agua
pesada CANDU

Parte de los El tiempo de Hay mas
neutrones procede | \|vida media es de| N heutrones
de la division del L—/segundos 0 diferidos
deuterio por incluso horas ‘_l',
incidencia de rayos y Mejora el
control
Baja radiactividad
del uranio natural
Puede recargarse Se empuja Entra combustible
en marcha el bundle Sale residuo

—
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El coeficiente de vacio en un reactor

U= - |canDU

Si se forman Disminuye la absorcion

burbujas en el

refrigerante Se mantiene la moderacion (que

(D,0) ocurre en el D,0 de la calandria)
Tiene un

j‘> coeficiente de j‘> Inestabilidad

vacio positivo

Su efecto es pequeno por el mayor control
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Ejemplo de reactor CANDU
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Ejemplo de reactor CANDU

POINTLEPREAU GENERATING STATION Totalsteam output 1047 kats
CENTRALE NUCLEAIRE POINTE LEPREAU Dibit totalda vapeur
Commission Templraturo d admicsion de
PROPRIETAIRE/ i v ¥
EXPLOITANT Nouvest-Brunswick
Stoam prossure ATMPa(a)
DESIGNERS Prossion dala vepeur
CONCEPTEURS.
Stoam tomporature 200
Uit 0
Partia nuctéairs LEnergie Atomique du Consds,  Staam qulity 2978%
Limitie Titro do la vepour
2082 MW (11}
Tl turbine
LocATION Point Laproau, New Brunswick
AoEaToN e S BEACTOR COOLANT
POMPES DE
SCHEDULE CALOORIASE,
CALENDRIER Oty 4
Constructionstart (first  May 1975 O
concrate) ) Gapacity per pump. 2228175 (29400 1GPM)
Dibrt da/nconstruction 111575
(pramisra coutde du baton) DR pe
Drivehoraspowar 5000 HP.
Reactor critical Docamber 1979
Crrmians. Dicombre 1578 S
FUEL
Pallpons et COMBUSTIBLE
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e % e
RENDEMENT Form 37 slaments bundie
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Cisading Zecaloy 4
Thermel efficiency 20.0%
Rendement tharmique Sune
e Dismeter 1308 mm
REACTORTYPE (CANDU pressurised hoovy weter
TVPEDEREACTEUR. CANDU,Ssa ottt Dleméere
Thickness 0418 m
PRESSURE TUBES Eoammal;
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Sy oo Diametre dos pastilies de
Quanties %2
Cora fuslinventory 4560 bundies
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Inside diameter 103.4mm T o
Diamétre n Diamitre doa grappe
34 mm verag Ade -
A aen aeite Mastflnominal 12617 KWiri2
Lt omperaturenominal  526° ovtide sheath
Tampéreture nominsle  326°C  Fextéreuedi s gaine
maximala
Burnup 7500 n
S143em Tooormmiti)
conTROL
Langeh 59436cm CONTAOLE
Reactor control Directcontrol by sl gl
MODERATOR SYSTEM oot CHY deply
SYSTEMEDU Contedtede Résctour  Conirdlediectpardux
cudateuns pumériguns avec
Material 0.0 S
Matariou Hessivityaoatrol Ontoarsting
Weight 2505 R DoRs et
Poids Mechanico control sbiorbers
i Lght wetat zone conrol
Dabit pleine puisance
Design tamparatura TS T
Température de colcul i tompersuion
artos absorbantas derégisge
HEATTAANSPORTSYSTEM Comootasnalsoouighe
CALOPORTAGE FURBINE
Type Indnecteycie TURBDE:
Tvpe I Type Tandorscompound;Dict
Coolant Materi 0.0 2
7 Taden compound:
ki Accouplement dinct
Weight 1863Ma
Mighpressurocylinder 1
Pol Corps haute pression
Flow 29121/3 17.6001GPM owrmscrnsors 3
o Corps basse;
Reectorinletioutlet 266%0/310°C gpees o
r.mumm-uonwutu. [osass
Stoam temparature 2800
presue rctorouier 053N Pa(e) Température do s vapeur
sion Ia sortie
Crey 455 4P ) 660,
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SENERATEORS BEVAPEUR
Quantity e
Quantits
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Reactores refrigerados por gas (GCR)

Refrigerante:

—=

Co,

Existen varios

Moderador:

Grafito disenos

==

MAGNOX (UK)

UNGG (Fr)

AGCR (UK)

==

El reactor es
refrigerado por
gas que va a un
intercambiador
de calor

Vandellos-1 era
un UNGG

Ay




Reactores refrigerados por gas

avanzados (AGCR o AGR)

-9

O,
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AGR

Charge tubes
Control rods
Graphite moderator
Fuel assemblies
Concrete pressure
vessel and radiation
shielding

Gas circulator
Water

Water circulator
Heat exchanger
Steam

Disenado para ser compatible con las
turbinas de una central de carbon

14
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Nucleo y elemento combustible de un

reactor AGR
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Ventajas e inconvenientes de los AGR

Ventajas | | Mayor temperatura del

refrigerante (~900K)

Mayor
rendimiento (41%)

Puede recargarse

en marcha |

> Mayor
disponibilidad

Inconvenientes | | Mayor tamano

del reactor

Menor aprovechamiento
del combustible

Problemas mecanicos

en la recarga

Menor
disponibilidad
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The World’s Reactors

No. 41 DUNGENESS B

DESIGNER ANO.
CONTRACTOR: Acmic Power Constructians Limted.
OWNER AND

OPERATOR: ‘Generating Sears,

LOCATION:

e

PROGRAMME: ~ Sise encry, prelimirary work: October, 1965,
7. 1365,

555,
ity 1971,
213w,
.,

cAPACTY,

fuEL
belum: 35 MW U,
0% e,
U
rueL ,
HARUNG:  F
Ty o o
REACTOR  Modersor mataris: tropes rapite.
CORE Slde saige: arbon snd e
Weighe of g1 e
Lattice geometry: sqs
Gine B TGS e,
T wmoer of ot
AEACTOR  Coarse hutdown contral; boron control rads.
Cone Fie contral: stales senkcontro reds,
CONTROL:  Numoer of contrl rods st squiiorom: 57,
Dimecer o rege: S350 (133 ey,
e engch: 3 ¢ 70 .
PRessuRE : gt ylinder prestrsse concrace
VESSEL nterma divmetar: 655 (3 ).
nterma heigh 58 f (177
Top Cup ks 205 f 5 ).
Boon sab th
COOLANT:

n dio
Reacter gas inet cemperat
Channel g3 outlet temseratuce: 675
&

G

As ol
"

BOILERS. &
T14 b he (1,699 s
AT3 bihr (1560 terh).

cecial: 9% chromium
seel

Upper ‘seccan cwbe material: EN 316 stainess

Teel

Gase tuse dameter: 5 in (38 o),

Excernal tabe rurface: low fo,
TURBINE:  Number: Ore

e $66.C.
Rehens seeam pressure 3t 1P clinder-
abs (336 kglom).

Rehest sceam cermpera:
Fimal feed tem;

ALTERNATOR: <ontinuous rating: 660 MW.

TI6MVA.

STATION  Cantralied concrol of che
CONTROL:  comprehemsive comput
direce digial control o

Tn-up and othar functions, .

I the planc wariables in the tontrol

pucers e 4o used for sarm

© The Nations) Trade Prass, Lid., 1967,

New .
2. Active handling exil contrel room
3. Fuel plug unit magatine.

Pony motor
. Penesration shieiding
irculztor
Gas circolator infat
Sas circulazor dulivery

ressure cylinder

Ejemplo de reactor AGCR: Dungeness

49 Mainsanance bay crane
50. Fuclling achine muntentrce

area
S1. Viewing balcony
52 Maln seation control room

5 Boler
57 ik handing cane
55, Sidp handlin machine .
56! lemens handlog machie 67, Wasndoun pi

7. Sips £ Concaminaced equipment
55 Actesince bay werkihop

59, Cooling pon 8, Revcor batement

@ Y COsaryer are




T

Reactor tipo canal (Reaktor Bolshoy
Moshchnosti Kanalnyy, RBMK)

Control rods

© 2016, Antonio Gonzalez Fernandez

4_/ Radiation shield and
f containment structure
Steam
/ separator
- Steam
-
Graphite Water
moderator
Fuel rods
Pump

18




uj@" Propiedades de un RBMK

Moderador: grafito | | Refrigerante: agua (dos circuitos)

El agua a presion pasa por los
tubos que atraviesan un bloque
de grafito

Permite recarga en operacion

R M LaS VarillaS de

i ... .. .. |control entran

:f deSde arr]ba

.......................

o e s s T Hay varillas

Be e e i w0 | pEermanentes

El coeficiente de

vacio es positivo

© 2016, Antonio Gonzalez Fernandez
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Los RMBK tras el accidente de

U2 - |Chernobyl

© 2016, Antonio Gonzalez Fernandez

Siguen funcionando 11 RBMK en el mundo (todos en Rusia)

Se instalaron varillas de control permanentes

Se aumento el numero de varillas de control moviles

Se han sustituido todos los tubos de presion

Se actualizo la electronica y se impidio la desconexion de
los sistemas de seguridad

21




=«.~ |Reactores reproductores (liquid metal

U fast breeder reactors, LMFBR)

© 2016, Antonio Gonzalez Fernandez

EL 238U es un 238 239 il 230 . IEE 239
material fertil T 92U | 93N|3 = 94Pu

Si una manta (blanket) de 238U es bombardeada con
neutrones rapidos, se transforma parcialmente en 23°Pu

Después puede separarse quimicamente (Pu = U)

No puede tener moderador, y absorber lo menos posible

j‘>| No puede usar agua como refrigerante liquido

Se usa sodio



uég‘ Esquema basico de un LMFBR

Reactor core of
U-235 with
U-238 blanket
in liquid sodium. steam

Turhine
l % C'ﬂ

ndenser

[] Pressurized
Water Reactor

[] Boiling Water

Reactor
Primary liquid  ntermediate M LmFBR
sodium codling  |iquid sodium Water and steam
loop. caﬂ|ng loop. loop to turbine

© 2016, Antonio Gonzalez Fernandez
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uég‘ Reactores reproductores (diseno loop)

“Loop™ Design

am -
r turbing)
Control
/’— rods
TIT )
Y
Fissile
Core
Breeder
Blanket
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= Shielding
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9 - metal
N
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S Heat
S exchanger
g o Steam
g ; — generator
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c zr turbine)
<
O e _ Feactor
— _ Intermediate
8 ation ————=|+— | loop
S Ip oop (primary coolant)
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Control

Reactores reproductores (diseno en

pool)

"Pool” Design

Fods

Flow

\

Baffle

Coolant

Lewvel

Fissile

=

Core

Breeder

Blanket
Feactor

Poaol Pump

Biological
Shielding

Liquid

L

metal
coolant

Heat

S

exchanger

Steam

’7(%“
D)
D)
D

————————

Es-

generator

Feactor
pool

(primary coolant)

| loop

/

| Intermediate

- Ste

(to powel

\Qld—w’a

(from powe

Fow
genetr
log

Usa 23°Pu
como
combustible
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Ventajas e inconvenientes de los
reactores reproductores

Producen energia

Ventajas | |y combustible

Permiten
aprovechar el 238U

De décadas se pasa a siglos de reservas

Inconvenientes

El sodio liquido requiere que todo
el circuito sea calentado a >98°C

El uso de sodio liquido es peligroso (reactivo)

=

Usan y generan plutonio |_

——

Impopular

Riesgo de proliferacion
nuclear

No es rentable mientras el 23°U sea barato
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u@' " |Las generaciones de los reactores

Generation I

H 2 Generation IT
Early Prototype [ ' | Generation III Near-Term
Boation Commercial Power [ T Deployment

Reactors Advanced B ] Generation IV

LWRs ,
28 Generation Ill+ fj

Evolutionary

‘__mnm _;____

' A1 X Designs Offering - Highly
o b 9By s g_, """‘f"‘u o Improved Economical
| *—‘,q-‘ % : e B ! 3 )
(> - iq/'-"v.. &V P fef, e Economics - Enhanced
o =~ Gad 4 : Eoe) Safety
- Shippingport Minitna]
- Dresden, Fermi | . - ABWR WWaste
- Magnox - LWR-PWR, BWR - System 80+ - Proliferation
— CANDU - APB00 Resistant

- VWER/RBMK =~EPR

Gen Il

1950 1960 1970 1980 1990 2000 2010 2020 2030

El cambio en el mercado nuclear requiere
nuevos disenos mas seguros y mas eficientes

Estamos en la generacion Il y parte de la IlI
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Reactores evolucionarios
(Generacion Ill)

Evoluciones de los ya existentes

APWR: Advanced Pressurized Water Reactor

ABWR: Advanced Boiling Water Reactor
CANDU mejorado

AP600 (de Westinghouse, sustituido por la AP1000)

System 80+ (otra variante de APWR)

Advanced Heavy Water Reactor (India): Similar a
CANDU, pero usa torio

Mas en ARIS (IAEA)
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https://aris.iaea.org/sites/overview.html

u@% " |Generacion llI+ y Generacion IV

© 2016, Antonio Gonzalez Fernandez

Generacion lll+: Cambios sustanciales en los disenos

CANDU avanzado

AP1000

EPR: European Pressurized Reactor

Economic Simplified Boiling Water Reactor: evolucion del ABWR

Generacion |V: nuevos disenos

VHTR: Very High Temperature reactor

MSR: Molten Salt Reactor

Varios reactores reproductores
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uj@" Mejoras en los PWR

APWR (Mitsubishi): | [Incluye reflector 1700MWe

Mas gemdas de segurldag \

Polar Crane

Edificio esférico o e ¢ K
Crane Wall ﬁ’yt 4 FEET'
Mas agua en el primario i - i

L

] { {57 . EFW
Varillas de control i 0] B L j]u

Ground 8 =

parciales e N

System 80+

HVAC Distribution Header

Main Steam
Valve House

EFW Pump Compartment Safeguard Systems  Reactor Cavity

H ay e n E E U U y CO rea Compartment IRWST Access Aisle 3?
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Sistema 80+
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u“@‘ EL EPR (European Pressurized Reactor)

© 2016, Antonio Gonzalez Fernandez

4 sistemas de
refrigeracion

17% menos U

1650MWe

Varios en
construccion

Costes desorbitados | | Retrasos | |Sin certificacion en EEUU
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uég‘ El Advanced Boiling Water Reactor

Mas en ARIS

Head Spray

Top Guide

Fuel

Core Plate Shroud

Control Rod
Guide Tube

Incluye bombas
o0 In-Core Guide Tube
dentl"o de l_a VaS]Ja and Stabilizers

Reactor Internal Pump
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Evita la recirculacion



https://aris.iaea.org/PDF/ABWR.pdf

u“*@‘ El reactor CANDU Avanzado (ACR-1000)
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Usa agua ligera
como refrigerante

Usa agua pesada
como moderador

Requiere uranio
enriquecido

Permite un nucleo
mas pequeno

Anade nuevos
sistemas de
seguridad
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uﬁﬁf El Advanced Heavy Water Reactor

Disenado por la empresa india BARC

Similar en diseno al CANDU

Con tubos verticales

Tiene un deposito de
agua en la parte superior

Usa torio como combustible

Mas abundante que el
uranio

Components of AHWR

© 2016, Antonio Gonzalez Fernandez

Secondary Containment

Primary Containment

Gravity Driven Water Pool

Isolai ton Condenser

Passive Containment Isolation Duct

G W N

6 Ve nthe

7 Tail Pipe Tower
8 Steam Drum
9 100 M Floor

10 Fuelling Machine

11 Deck Plate

12 Calandria with End Shield
13 Header

14 Pile Supports

15 Advanced Accumulator

16 Pre - Stressing Gallery

17 Passive Containment Cooler
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