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Generation of Electricity from Nuclear Reaction
Legal Requirements for Nuclear Power Plant
Licensing Approach

Safety as Top Priority i Defense in Depth
Safety Analysis
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1. Generation of Electricity from Nuclear Reaction

Neutrons split open Uranium Atoms, releasing energy & more neutrons

Fission

Nuclear Fission
Chain Reaction

— 35U

e — Neutron

@ — Fission Product



Candu Nuclear Reactor

Candu stands for CANadian Deuterium Uranium

Candu Pressurized Heavy Water Reactor
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Vacuum Reactor Power Switch
Building Building House Yard
B Heavy Water Moderator Steam

B Heavy Water Heat Transport System B Water



Candu Nuclear Reactor




Candu Nuclear Reactor
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Uranium Fuel Bundle for each Channel
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Nuclear Fission
Chain Reaction
3sU
— Neutron
@ — Fission Product
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Candu Nuclear Reactori Shutdown

=== Calculation 1l == == (Cgalculation 2

Radioactive Decay Heat after shutdown
iIsotopes
d t Spontaneous Alpha Decay
ecay 1o of a 239Pu Nucleus
stable For a reactor with
material by €.g. 2000 MW,
itti decay heat is at 20
em'_ 'r_]g MW, 5 hr. after
radvlatlon Percentage shutdown & 10
( U; *M of Power MW, one day later.
and 9 ) after

shutdown

1s 10s 1m 10m 1h 5h 1d 10d

Time After Shutdown
After a reactor is shutdown, the chain reaction of fission stops However, the

Isotopedn the fuel would still undergoradioactive decayand continueto produce
heatat a deceleratingrate. This processcannot be stoppedby intervention, and
the decayheatmustberemovedto preventthe reactor from overheating Cooling
water musttherefore beavailableto circulate through the fuel channels



Candu Nuclear Reactori Spent Fuel Storage
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Fuel bundlesaretakenout of the reactor after thefisslematerial isusedup. These
areknown asspentiuel. Spentfuel stil generateslecayheatand intenseradiation.

The bundleswould needto bestoredin awater pool on siteto coolthe fuel andto

shield the radiation. After 1 year, typical spentnuclear fuel generatesabout 10
KWit of decayheat,andthis decreaset about1 KWit after 10years



2. Legal Requirements for Nuclear Power

Theseare establishedto:

Plant iIn Canada

1. Regulate the use of nuclear energy & material.

2. Protect health, safety, security &t

ne environment.

3. Ensure adherence to internationa

commitments

on the peaceful use of nuclear energy.



2. Legal Requirements for Nuclear Power Plant in Canada

Implied Frequency (/ry)

- Dose Limit with respect to Accident Frequency

Class 1

Class 2

Class 3

Class 4

Class 5

10° 1074 107 0.01 0.1 1
Whole body dose (Sv)



3. Licensing Approach

Environmental Assessment

1. License to prepare site

2. License to construct

3. License to operate

4. License to decommission
5. License to abandon



Licensing Approach
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CNSC Staff Commission

Panel, CEAA and/

or CNSC

Process for Obtaining a Licence to Construct or Operate a New Nuclear Power Plant in Canada

Intervene/ Intervene/

Provide Provide
Feedback Feedback

& A
END

Licence Package/
Motification

b

Provide Input as
Mecessary
(submit CMD)

Provide Input as
Necessary
(submit CMD)

Apply for Authorisation
(NSCA Section 24.2)

(E) v (G) H)

Day 1 Day 2
Fublic Hearing Public Heaning
Process Process

Applicant applies to the Canadian
Nuclear Saf¢ty Commission

Document
Decision

(B) (D) (F)

Y

Prepare Prepare and

Log Receipt,
Conduct
Financial Review

Establish and
Execute
Review Plan

Prepare and
Submit
CMD

L
I

Supplementary
CMD
(if necessary)

Documented EA Decision

Distribute Licence

Package/

MNotification




3. Licensing Approach

Approximate Duration of the Environmental Assessment and Licensing Steps
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Aboriginal Consultation

Proponent Submits Project
Description

EA and Site Licence
* EA Determination
« EA - Joint Review Panel
+ Site Licence
Proponent Prepares Site
Construction Licence
Proponent Constructs Plant
Operating Licence

Proponent Commissions the Plant

Legend:

™ = cNSc Canadian Nuclear Safety Commission

= Proponent

ol |

Year 9
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4. Safety as Top Priority i Defense in Depth

1. Accident Preventioni reliability & availability.
2. Accident Mitigation T shutdown, cool, contain.

3. Accident Managementi emergencyresponse



Safety Shutdown System 1Ii Shut-off Rods

Power

Absorber Elements
Moderator

The Inserted Shut-off Rods Cause the Nuclear Chain
Reaction (Heat Source) to Stop.

Cut Off Mum;urmg
to Clutches i
Br i Processing
e
Incore Flux
Detector
Monitor

PLAY




Safety Shutdown System 24 Liquid Injection
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Shutdown Cooling & Emergency Core Cooling




Four Classes of Power Supply T Ensure Availability

I can be interrupted indefinitely without
affecting plant or personnelsafety, e.g. normal lighting.

I can be interrupted for 1 to 3 minutes
without affecting plant or personnelsafety.

I canbeinterrupted for 0.25 secondwithout
affecting plant or personnelsafety.

| can never be interrupted ; otherwise plant
or personnelsafetywill be affected



Four Classes of Power Supply T Ensure Availability

Class | Loads -

cannot be
Class_ll Loads - interrupted
cl Il Load can be interrupted
ass 1 toads - for 0.25 sec.
can be interrupted
Class IV Loads - for 1 to 3 min N 'S
can be interrupted ' Ong]vier ;)rl;;]:e '
indefinitel -
y T Normal Source plant itself
power from
T Normal Source - : T
plant or grid
power from
Normal Source - o T Backup Source -
power from A Backup S uninterruptable
plant itself ackup source - battery bank
power from
T battery bank
Backup Source - 1‘
ower from
P grid Backup Source - Backup Source - Backup Source -
standby diesel standby diesel standby diesel
generators generators generators

Need to avoid common cause failure




Control Room
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Ultimate Line of Defense i Vacuum Building
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Ultimate Line of Defense i Vacuum Building




Ultimate Line of Defense i Vacuum Building
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Ultimate Line of Defense I Vacuum Building
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Ultimate Line of Defense T Vacuum Building

B o Transmission
Vacuum Building Reactor Building Steam

Turbine Generator

‘ Boiler ‘

: B
Dousin ' /[ k ‘.
Tank = | Transforme.%
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Filter
Systemt——————4
Pressure Relief Valves Fuel Bundle Reactor

Tower - -
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5. Safety Analysis
1. Probabilistic

2. AccidentsModeling

3. Dispersion& DoseCalculations



5. Safety Analysis

Undesired Event

Failure to establish

F&Ult Tree AnaIyS|S tO Propellant crossfeed
determine probability of events
and consequential failure i“

13 ” = @ |
Cut Sets” - the unique %}) [ 1
- 7
SyStem fall ure path S Failure to open OMS Failure to open RCS
side crossfeed valves side crossfeed valves
G251 G252
and and
| I [ |
(9@ Z OMS crossfeed valve OMS crossfeed valve RCS crossfeed valve RCS crossfeed valve
/06\ 1 fails to open 2 fails to open 1 fails to open 2 fails to open
s,
v
[ OMSXF1ACMYLFC | [ OMSXF2ACMYLFC | | RCSXF1ACMYLFC | | RCSXF1ACMYLFC |

* OMS-RCS PRA Study (A (B) (el (D)
e



5. Safety Analysis

AccidentsModeling - examples

A Earthquake

A Tornado

A Lossof coolant (LOCA)

A Lossof electrical power

A Failure of essentialsystems
A Reactorcore damage

Consequential events and systemsresponse are
analyzed
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TRITIUM CONCENTRATIONS IN AIR

(SITE STUDY AREA)
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5. Safety Analysis



