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Outline

e Basics of a Power Plant

e Heat From Fission

e  Current Commercial Nuclear Reactor
Designs

*  Future Reactor Designs

* Safety of nuclear power plant
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Basics of a Power Plant

* The basic premises for power plants 1s to:
* 1) Create heat

2) Boil Water

3) Use steam to turn a turbine

4) Use turbine to turn generator

5) Produce Electricity

: P
www.ainelbeeah.green NEa%
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Create Heat

* Heat may be created by:
* Burning coal
* Burning oil
* Burning gas

e Nuclear fission 1) oil, coal, gas or fission

2) heat

4) turbine

5) generator

6) electricity

7) cold water

8) waste heat water
9) condenser

+201148686466 ') www.ainelbeeah.green @
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Fuel for Energy
Quantity of Electricity per 1 kg fuel: Tones of fuel required for 1000MW plant:
1 kg firewood: 1 kW-h 2600 000 t coal: 2000 train cars
1 kg coal: 3 kW-h (1300 t each)
1 kg oil: 4 kW-h 2000 000 t oil: 10 supertankers

1 kg uranium: 50 000 kW-h 30 t uranium: reactor core
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Boil Water

* The next process it to
create steam.

* The steam 1s necessary
to turn the turbine.

. sy
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* As the generator is
turned, it creates
electricity.

\ : prany
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Splitting Atoms Releases Neutrons, Making Heat

Heat
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Neutrons
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Fission Chain Reaction
Nuclear Fission
Chain Reaction

— 235U

¢ — Neutron

@ — Fission Product

: AT
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Uranium Is Mined and Retined

~ Raw at 0.7 % pure
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Uranium Ore »
Uranium hexatluoride

» Gas P Solid
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Uranium Is Encased in Solid
Ceramic Pellets
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Uranium Is Encased in Solid

Ceramic Pellets

: A
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Fuel Rods Filled With Pellets Are
Grouped Into Fuel Assemblies
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6.Current Commercial
Nuclear Reactor Designs
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Current Nuclear
Power plants

* Pressurized Water Reactor (PWR)

* Boiling Water Reactor (BWR)

* Gas Cooled Fast Reactor

* Pressurized Heavy Water Reactor (CANDU)
* Light Water Graphite Reactor (RBMK)

* Fast Neutron Reactor (FBR)

+201148686466 ') www.ainelbeeah.green @
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PWR

Pressurized Water Reactor

Containment Structure

Pressurizer Steam
Generator

i

Iy C
Fi T

Control i
Rods

Reactor
Vessel
r Condenser
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BWR

Boiling Water Reactor

Containment Structure

Rﬁﬂ.ﬂfﬂf'  FEl g
Vessel e Generator

Control Rods

[ Condenser
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7. Future Reactor Designs

Current nuclear power plants have:
. : 1.e., reliable operation,
* low occupational radioactivity dose to workers and

and health effects from severe
accidents.
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Future Reactor Designs
Early Prototype Generation I
Reactors Commercial Power Generation Il

Generation IV

Enhanced W
Safety
Improved W
Economics
Minirnized b

VWastes

Reactors Advanced
' 3 ‘ LWRs

1950 1960 1970 1980 1990 2000 2010 2020 2030
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Generation IIl Reactor
Desions
* Pebble Bed Reactor L2eSIgns

* Advanced Boiling Water Reactor (ABWR)

« AP600, AP1000

* System 80+
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Pebble Bed Reactor
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FUEL PEBBLE RETURN PIPE
REACTOR VESSEL

GRAPHITE LINER

* No control rods. | R |

RETURN PIPE

 He cooled

~—— FUEL PEBBLES
PLAIN GRAPHITE PEBBLES

° Use Of Th fuel Cycle Graphiteshell _ Coaled particle

(Fissile material a. fertile material)

COOL HELIUM

/HOT HELIUM

6em ——» <« 05-07—p BROKEN-PESBLE

mm

SPENT-FUEL CONTAINER
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PBMR Main Power System

| —
y "ﬁ Recuperators

Reactor Unit - —;
b
r.-.

=

Compressors

Turbine Generator

Inter cooler N Pre cooler
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Pebble Fuel

_ 5mm Graphite layer

_ Coated particles imbedded
in Graphite Matrix

Dia. 60mm

Fuel Sphere

Pt __—Pyrolytic Carbon 40 microns

.~ Silicon Carbide Barrier Coating 35 microns
I~ - Inner Pyrolytic Carbon 40 microns
__Porous Carbon Buffer 95 microns

Section

Dia. 0,92mm

TRISO
Dia.0,5mm

Coated Particle uranium Dioxide
Fuel Kernel
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Advanced Boiling Water Reactor (ABWR)

1 - Vessel flange and closure head
2 - Steam outlet flow restrictor

3 - Feedwater nozzle

4 - Vessel support skirt

5 - Vessel bottom head
6

7

8

* More compact design cuts
construction costs and increases
safety.

- RIP penetrations
- Forged shell rings
- Core shroud
9 - Core plate
10 - Top guide
11 - Fuel supports
12 - Control rod drive housings
13 - Control rod guide tubes
14 - In-core housing
15 - In-core instrument guide tubes
16 - Feedwater sparger
17 - High pressure core flooder (HPCF) sparger
18 - HPCF coupling
19 - Low pressure flooder (LPFL)
20 - Shutdown cooling outlet

* Equipment and components | A
designed for ease of el s
maintenance. o

* Additional control rod power
supply improves reliability.

e. [IIII—JLI/ 24 - Fine motion control rod drives
LY | <2 ! 25 - Local power range monitor

26 - Fuel assemblies

27 - Control rods

* Two built and operating in
J ap an. Figure 3-1. ABWR Reactor Assembly

: P
www.ainelbeeah.green NEa%
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* Pressurized Water Westinghouse AP-1000
Reactor (PWR)

* 1090 MWe capacity

* Passive safety features
— no operator action
required for 72 hours

* Plant simplification —
reduces 1nitial capital
cost, and lowers
maintenance and
inspection cost

: P
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General Electric ESBWR

* Boiling Water Reactor
(BWR)

* 1380 MWe capacity

* Passive plant safety
systems

* Natural circulation
replaces recirculation
pumps

: : prany
www.ainelbeeah.green NEa%
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Atomic Energy of Canada Limited

(AELC) ACR-700

731 MWe light water cooled evolutionary
pressurized reactor

Based on light water and CANDU heavy
water technology

On-line fueling * Higher thermal
efficiency than previous designs

No reactor vessel
schedule

* 36 month construction

Primary Cooling System Inlet s
Heavy Water Moderator mmm

Fuel Bundle mwm
Fueling Machine s

Pressure
Turbine

\:st_lq_\_ll ygl—e g

Ministry of Planning, Economic

Development & International
Cooperation

Primary Cooling System Outlet s Pump/Motor Assembly

Feedwater
Steam
Generator
Turbine
Py
AR
A
[ - . — :'J'.':: l P
e L%, Power
Ik LA toGrid
28 S
=K s .
Switchyard ° ¥
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Advanced LWR: ESBWR

Natural Circulation
Air Discharge

Contalnment PCCS Gravity Drain
Condensate Water Tank
Pressurizer Vents Sl'i“m Water Film
L Ine o
Evaporation
LIIT ¢ l—‘ p
/) Outside Cooling =t
Steam Air Intake
Passive IRWST Generator
RHR ~
com [ |/ Foedwater Steel /'” Internal Condensation and
Exchanger Line Containment Natural Circulation
Vessel
r(_ Air Baffle =]
dth
Stage I § |
ADS %QJ '
F .
"o[ l'q (.old leq RQ‘C‘OI l
Reactor | | Core C::'l:m .
Vessel I -
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General Electric ESBWR

* Boiling Water Reactor
(BWR)

* 1380 MWe capacity

* Passive plant safety
systems

* Natural circulation
replaces recirculation
pumps

: : prany
www.ainelbeeah.green NEa%
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* No reactor vessel ¢ 36 month construction schedule
{’;ﬁ__;:;'-c"'? . --::\tﬁ_h.?__hh

731 MWe light water cooled evolutionary pressurized reactor

"OfSoc\a\c’

Atomic Energy of Canada Limited

Based on light water and CANDU heavy water technology

On-line fueling

» Higher thermal efficiency than previous designs

(AELC) ACR-700

Primary Cooling System Outlet meess Pump/Motor Assembly

Primary Cooling Systern Inlet s Feedwater s
Heawy Water Moderator s Steam
Fuel Bundle mas Generator
Fueling Machine s Turbine
""""" — i
' A
Feodwater I |l - r;«t:'::: -
Pup - oL
- erator B _,{7-1:-'?';3 Power
i | 1 i =| L EE '_I:__,-ﬂu ) to Grid
5 :—yf é L _,-:".
+ High g ' T - LA RSN
Pressure — 9 Smtch]rard ' 5
i . in
IR Wmcﬁ%g@? of Canada Limited
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Advanced LWR: ESBWR

—
r—- ———— .
i Pccs "
Hx's ¢
WWI/GDCS Pool 1
(Typ of 3) 1(Typof 41§
WWIGDCS Pool v o
Ventpipe acuum Breaker
Typof 3 Equipment
(Typ of 3) DW/WW LOCA upper (TYPOf3) Hatch
Vertical Drywell
Bolted Access Ventpipes — @
Hatch | (Typ of 10) r [~
- ] _ !
L] i 1]
GDCS Pool Sump ! ! g A
(Typ of 4) i ke 1 ':
I ko808 s - Burst Diaphragm
: pac e}~ Primary COPS
Vessel (opens at severe
: Spllll-?vorﬂw accident pressure)
GDCS Injection Line [ — VPOF 0
Suction End Pool /
Contai 1t B d. Corium splash Shield r
Design Basis Accldom Undervessel
Personnel Hatch Work Platform
Additional Volume e —— Equipment
Available For S STRSaiT s Hatch

Primary COPS
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Generation 1V Concepts

The next generation designs focus on:
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Generation 1V Concepts

* Very High Temperature Reactor (VHTR)

» Supercritical Water-Cooled Reactor
(SCWR)

» Lead-Cooled Fast Reactor (LFR)
* Molten Salt Reactor (MSR)
* Sodium-Cooled Fast Reactor (SFR)
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Very High Temperature
Reactor (VHTR)

* Thermal neutron spectrum
* Once-through uranium cycle

e Helium-cooled core

 Potential H production

: prany
www.ainelbeeah.green NEa%
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Very-High-Temperature Reactor oCharacteristics

(VHTR) oHigh temperature coolant
0900 - 1000°C outlet temp.

B 0600 MWth
VHTR - oWater-cracking cycle

_ | — oKey Benefit
(LS oHigh thermal efficiency
- : oHydrogen production by
= ) """"" water-cracking by High-Temp
"""""" Electrolysis or Thermo-
chemical decomposition

uu 5080701

+201148686466 ') www.ainelbeeah.green @
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Supercritical Water-Cooled
Reactor (SCWR)

* Operates above the thermodynamic
critical pomt of water

* Two fuel cycle options:

* Open cycle with a thermal
neutron spectrum.

* Closed cycle with a fast-neutron
spectrum reactor with full actinide
recycle.

* Thermal efficiency approaching 44%

+201148686466 I'®)| www.ainelbeeah.green KNEa%
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[.ead-Cooled Fast Reactor
(LFR)

Lead-Cooled Fast Reactor
~

* Ability to seal core

* Refueling 15-20 years

e Use of MoX fuel

+201148686466 I'®)| www.ainelbeeah.green KNEa%
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Liquid-Metal Cooled Fast Reactor
(LFR)
Characteristics
*Na, Pb or Pb/Bi
coolant
*550°C to 800°C
outlet temperature
*120—-400 MWe
Key Benefit
 Waste minimization
and efficient use of
uranium resources
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Molten Salt Reactor
(MSR)

e Thorough fuel burn up =

Rnlﬂr Coolant Salt

* Fuel cycle variability - N“ JE

Fuel Salt Pump ==

apaoon

Chemical
Processing
l,\ Plant

Ehge

i~
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Sodium-Cooled Fast
Reactor (SFR)

Sodium-Cooled-Fast Reactor

* Actinide burning

* Capable of burning
weapons grade fuel
capable (to get rid of
nuclear stockpile)
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8. Safety of nuclear
power plant
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Safety of nuclear power plant

Nuclear Safety Objectives
Nuclear Regulation

+201148686466 I'®)| www.ainelbeeah.green KNEa%
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Nuclear Safety Objectives

Level 5

Strategy of Defense-in-Depth

Level 1
Third Barrier

Second Barrier

* Relation between Multiple
Barriers and Levels in P .
Defense-in-Depth  Soecial Sorcty Featurcs | orml Operaiing System

First Barrier

Seneral Means of Protection, Conservatlve Design,
Quality Assurance, Safety Culture

Fuel Matrix
Fuel Rod Cladding

Primary Coolant Boundary
Prevention of Deviation from Normal Operation

Control of Abnormal Operation

Control of Accidents in Design Basis

Containment
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Multiple Layers of
Containment Vessel Protection

| .5-inch thick steel

\ Shield Building Wall

3-foot thick reinforced concrete

Dry Well Wall

5-foot thick reinforced concrete

Bio Shield

4-foot thick leaded concrete with
| .5-inch thick steel lining inside and out

Reactor Vessel
4- to 8-inches thick steel

Reactor Fuel

Weir Wall

| .5-foot thick concrete
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38.4. Nuclear Regulation Licensing Process (Cont’d) *

Two-step licensing for NPP

Operator NCNSRC NCNSRC
Time SSR&ER +— e —— Pre-approval of site
for SSR & ER
Preliminary SAR— Rev. Construction Permit <Step 1>
for PSAR
Commissioning Inspection
Test Report
' Final SAR — Rev. — Operating License <Step 2>
L2 for FSAR perating P

SSR : Site Survey Report, ER : Environmental Report
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Operator NCNSRC NCNSRC
Time SSR&ER +— Rev.. —» Pre-approval of site
for SSR & ER
Preliminary SAR— Rev. Construction Permit <Step 1>
for PSAR
Commissioning Inspection
Test Report
' Final SAR — Rev. — Operating License <Step 2>
L2 for FSAR perating P

SSR : Site Survey Report, ER : Environmental Report
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