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Power Reactor Types

Magnox Reactors

AGR — Advanced Gas Cooled Reactors

HTGR — High Temperature Gas Cooled Reactors
PWR — Pressurized Water Reactors

AP1000 — Advanced PWR

EPR-1000 — European Advanced Power Reactor
BWR — Boiling Water Reactors

LMFBR — Liquid Metal Fast Breeder Reactors
SGHWR — Steam Generating Heavy Water Reactor
CANDU-BLW - Boiling Light Water Reactor
CANDU-OCR - Organic Coolant Reactor
CANDU 6 — PHWR (Pressurized Heavy Water Reactor)
CANDU 9

ACR-700 — Advanced CANDU Reactor
ACR-1000 — Advanced CANDU Reactor



Table 1-3 Typical characteristics of the fuel for six reference power reactor (ypes

Power Reactor Types

Characieristic BWR FWRIWY FHWR HTGR AGR LMFBR"
Reference design
Manufacturer Creneral Electric Westinghouse Aiomic Epergy of  General Alomic Mutional M lesr Movatome
Canada, Lud. Corp.
System {reactor EWR/6 i Sequoyah) CANDH-800 {Fubon) HEYSHAM 2 { Superphenin)
station)
Moderator Hy D H0 0,0 Ciraphite Giraphine -
Meutron energy Thermal Thermal Thermal Theerwnal Thermal Fust
Fuel production Converter Coavener Converer Converter Coarverier Breeder
Fuel* '
Pastiches
Cylindrical pellet  Cylindrical pellet  Cylindrical pellet  Costed microspheres  Cylindrical pellet  Cylindrical pellet
DHmensions (mm) 104D = 104K BAD = 1358 12,200 = |6 44 S0=B00 wm O 4510 » MK 0D
Chemical form Uy, U, ) L, U0,
Fiasile (wr% |5t cobe 1,7 *¥0 6™y 0711 My 93y 1.1y 1518 2py
ave.)
Ferile ey St b U Th Ny Diepleted 1)
Pang
Geomenry Prellet stack in Pellet stack in Peller siack en Cylimdricsl fuel siack  Peller #ack in Pellet stack in
clad fube clad tubse olad ks clad tube clnd b
Drimensions {mm) 12190 = 4.1 mff 950 = 4 mi 1510 = 4900 1570 % &1L 14.890 x 98TH 450 ® 1.7 mHIC)
1580 % |95 mHBR)
Clad maerial Lircalay-2 Zircaloy -4 Zercaloy4 Graphiie Srinbess sizel Susinkess seel
Clad ihickness {mmi 0813 0.57 42 - 0,38 [i )
Assembly
Creamedry” £ » B square IT % 17 square  Conceniric circles  Hexagonal graphise Conceniric cincles  Hexsgonal rod amay
o array rod wray kol
Rod piech (mm) 14,2 1.6 14.6 - 2587 AT 1170 (BR)
M. rod kocstions 4 89 n 132 (SAN 76 (CAY w ITHICK91 (BR)
Mo, fael rods 62 64 n 132 (SA)/TE (CAM % 270G (BR)
Chuter dimensinns 19 214 1020 = 4950 30F = TOIH 190.4 {irnner] 173F
{mm
Channel Yes Ma Mo Ma Yes Yes
Toeal weight [kgh m - - - hal -

Sowrce: Knief [4] except AGR-HEYSHAM 1 dats s from Aldersos [ 1], snd LMFBER pin and peliet diameters are from Yendryes [

"LMFER-core (C]. radial blanket (BR ), axial blankes {BA),
*Far| dimensioen: diameter (D), beight (), kength (L), [scross thed fais (71, (widih of) square (53,
“LWRs have utifized & range of number of rods.

“HTGR-ssnderd sssembly (SA). control sssembly (CA).



MAGNOX Reactor (UK)

Graphite moderated
CO, cooled
Natural uranium metal

Magnesium clad

Steel reactor pressure vessel or
pre-stressed concrete vessel

No contaiment
Thermal efficiency 30%
On-power re-fuelling

High capital cost

Modest achievable fuel
utilization

Single fuel elements



AGR Reactor (UK)

Graphite moderator

CO, cooled

120 . | -
UO, fuel 2-3% enriched “_\ H _!J i
Steel cladding i m— SaR T
Clusters of smaller fuel elements HEre sy |
— more compact core . P = — ey
Higher power levels O o 3
Higher thermal efficiency -
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HTGCR Reactor (US, Germany, UK)

Graphite moderator

Helium gas cooled

High coolant temperatures

Carbide fuel 93% U?%3> and
thorium

Fuel in small spheres coated with
pyrolitic graphite

High thermal efficiency




SGHWR Reactor (UK, Japan, Italy)

Similar to the CANDU-BLW
Vertical pressure tubes

Heavy water moderator in
calandria

Recirculating pumps used to return
water from steam drums to lower
end of pressure tubes

Low enriched uranium fuel

On-power refuelling

Containment included




CANDU-BLW

Natural uranium fuel

Bottom refuelling on power
Light water coolant

Core exit quality up to 20%
Concept used in Gentilly-1
Enriched uranium considered

Positive power coefficient
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CANDU-OCR

Organic cooled

WR-1 reactor operated at
Whiteshell Lab 20 years

Once-through boilers
Vertical pressure tubes
Fueling from the the top

Gradual decomposition of
the coolant with irradiation

Z1-2.5NDb clad natural
uranium carbide fuel

Outlet coolant temperature
of about 400 C

Thermal efficiency 34%

Low radiation field, low
stored energy, low coolant
pressure, no ballooning, no
dryout




CANDU-OCR
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PWR Reactor

Light water cooled and
moderated

Enriched UO2 fuel (~3%)
Square fuel assemblies
Large steel pressure vessel

Large excess reactivity
associated with refueling

Neutron poisons used to
balance excess reactivity
(removable and burnable)

High fuel burnup
Control rods in the core

Flow 1n fuel assemblies not
restricted in radial direction

Fig. 1.1{a). Preasurized water reactor system — vessel concept.




PWR Reactor - RCS




PWR Reactor — RCS Top View




PWR Reactor
Vessel and
Internal
Structures
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PWR Reactor — Core Cross Section
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PWR Reactor — Vessel Cross Section
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PWR Reactor Vessel
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PWR Reactor Vessel

RCCA-Guide ———
Tube

Upper Suppert =
Plate e N

SN T

Upper Core
Plate

Irradiation
Capsules

7/

Basket

Lower Support
Plate T

A A SIS AI IS SIS IS IS IS AIII I,

| |
i

=

%,

SN

IAAAIAAAAIIY

il

LN

i,

RCCA-Guida

Suppaort
Column

__ Core

Barrel

Reacter
Pressure
Vessel

Heavy
Reflector

Fuel
Assembly

Rad Clustar
Cantrol
Assembly
(RCCA)

Core
Stop

Flow

— Distribution

Device




PWR Reactor
Fuel Assembly

Top Nozzle

Robust FUELGUARD™ Bottom Nozzle
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PWR Reactor
Fuel Assembly
Cross Section
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PWR Reactor — Fuel Assembly
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PWR Reactor
Fuel Rod

SEAL WELD

END FLUG
GIRTH WELD

161

.20

EPRING

UPPER PLEMLIM

UdE PELLETS

A

ZIRCOMIUM ALLDY
CLAD

STANDOFF

"'..i F ST

[P & &

A
¢S
A

i
AT
f T
£,

L.

-, oy
sy
L

oA A F

ASSEMIBLY
LOWER PLEMLIM

| __—— GR™ WELD

INTERNAL GRIP
/_ CONNECTION




PWR Reactor
Fuel Rod
Attachments
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PWR Reactor — Control Cluster Assembly
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PWR Reactor — Burnable Absorber Assembly
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PWR Reactor — Solid Absorber Rod
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PWR Reactor — Annular Absorber Rod
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PWR Reactor — Primary Source Assembly




PWR Reactor — Burnable Poison Distribution
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PWR Reactor — Burnable Poison Distribution
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PWR Reactor — Burnable Poison Distribution
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PWR Reactor
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PWR Reactor — BOP Schematic
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BWR Reactor
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BWR Reactor

Water enters the core near saturation temperature, so the heat is used to
generate steam

Jet pumps used to recalculate the water separated from the steam in the
upper part of the reactor

External pumps also used to recalculate part of the water

Recalculating pumps use variable-speed drives, to vary the flow, ad
steam volume in the core

Power variation between 70-100% achievable without control rod
movement

Bottom insertion of control rods helps flatten the power profile axially
Containment structure much smaller compared to PWRs.



LLMFBR Reactor
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LLMFBR Reactor
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LLMFBR Reactor

Fission caused by fast neutrons (no termalization required)
Absorption in U-238 results in conversion to Pu-239 (breeding)
High fast neutron economy required for effective ‘breeding’

Reactor core consists of closely packed array of highly enriched mixed
oxide rods (U-235 and Pu-239)

Core surrounded by a blanket of U-238 for breeding

Core and blanket cooled by liquid sodium (high atomic mass for
reducing moderation effect)

Heat exchangers with sodium on both sides (secondary sodium side)

Secondary sodium loop intended to ensure complete 1solation from
water contamination



CANDU 6 Reactor
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[ 133100 MAIN HT CIRCUIT
[ 33300 PHT AUXILIARIES

/33400 COOLING SYSTEMS
I 33350 GAS CONTROL SYSTEM
[ 33700 D20 SAMPLING SYSTEM

I 33300 COLLECTION SYSTEM

CANDU 6 Reactor




ACR-700 Advanced CANDU Reactor

........

ACR-700 Heat Transport System Layout



ACR-700 Advanced CANDU Reactor

Light water cooled, heavy water moderated
reactor

Slightly enriched uranium (2.1%)

Single ‘figure-of-eight’ loop (no CVR i1ssue, no
power pulse)

Large interconnect linking outlet headers to for
better ECC performance

ECC injection only into inlet headers



ACR-700 Advanced CANDU Reactor
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ACR-700 Advanced CANDU Reactor




ACR-700 Advanced CANDU Reactor— Core Design
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ACR-700 Advanced CANDU Reactor — SDS2 Design
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ACR-700 Advanced CANDU Reactor
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Questions?
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