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Message from the President

On Augug 26, 1960 the Canadian
Nuclear Association (CNA) wascreated
to promote the peaceful use of nuclear
technology in Canada. Aswe celebrate
our 50" anniversary, with our proud
history and many accomplishments,

we look to the future with a vison of
maintaining Canada’snuclear leader-
ship role at home and around the world.

Canada isone of the nationsthat
introduced the world to nuclear energy. In the years
1940-1942, George Laurence pioneered the work on the first
subcritical reactor at the National Research Council in O ttawa
which wasone of the firg in the world to demondrate a nuclear
chain reaction. Thisbrought international attention to Canada
and branded our nation asa leader in cutting-edge science.

Today, Canada’snuclear indugry hasachieved an unparalleled
record of safe, reliable and economic nuclear power generation in
three provinces. Nuclear energy isresponsble for 15%

of Canada’selectricity production and for over 55%

of Ontario’salone.

Toensure our indugry’scontinued growth, our goalsare clear.
We want to ensure that:
e (anada remainsa global leader in nuclear technology.



* Wehavea grong resarch and development program
to maintain highly-skilled jobsin Canada and retain
our bright young mindsat home.

e Weare poised to participate in the congruction of over
450 reactorsin the world creating economic benefits
and thousands of high paying jobsfor Canadians

e Nuclear power isrecognized asclean and virtually
emission-free energy asCanada and the world address
the challenges of climate change.

| am pleased to share the CNA’s2010 factbook with you.
Thisedition reflectsthe mos up-to-date information on
nuclear energy in Canada and around the world.

| encourage you to learn more about nuclear energy in Canada
and tovist our webste at www.cna.ca. In addition to facts news
and online publications you may also view our 50

anniversary video, “N uclear Technology Working for Canada.”

Canada hasa unique history of nuclear innovation and
achievement. Aswe build on our past accomplishments,
we are izing opportunitiesfor the future.

Denise Carpenter
President and CEO
Canadian Nuclear Association
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Canada’s Nuclear Industry: Our History

For 62 years Canada hasbeen a world leader in nuclear resarch,
medicine and electricity production —and renowned for our nuclear
know-how. T hishigoric timeline highlights some of our

proudes moments.

(1941) In Ottawa, George Laurence wasone of the first in the

world to demongrate a nuclear chain reaction.

(1944) The National Research Council built new nuclear research
laboratoriesat Chalk River, O ntario.

(1945) The first major innovation of Chalk River laboratorieswascalled
ZEEP, the Zero Energy Experimental Pile. With it, Canada became the
second country in the world to use a reactor to control nuclear fisson.
(1947) The National Research Experimental reactor commissoned at
Chalk River wasthe world’s most powerful. Itsproduction of isotopes
gave Canada the lead in nuclear medicine.

(1951) The first two cancer-treating machinesusing C obalt-60 were built
by Dr. Harold Johnsat the University of Saskatchewan and

Roy Errington of Eldorado Miningand Refining.

(1951) The world’sfirgt cancer treatment using Eldorado’s

Colbalt-60 machine was performed in London, O ntario.

(1952) Atomic Energy of Canada Limited wascreated to take

over the research labsat Chalk River to pursue nuclear science,
technology and commercial applications




Canada’s Nuclear Industry: Our History

(1954) Dr. W.B. Lewisfogered collaboration between Atomic Energy
of Canada, Ontario Hydro and Canadian General Electric that led to
the development of the CAND U reactorsin use around the world today.
(1957) The National Resarch Universal Reactor wasthe world’sfirst
to refuel while operating at full power.

(1962) The Nuclear Power D emondgration facility wasCanada’s

fird electricity-producing reactor.

(1964) Atomic Energy of Canada developed the first commercial
derilizersused to process medical, pharmaceutical and food products
(1967) The D ouglas Point Reactor, on Lake Huron, wasCanada’sfirst
commercial scale reactor and the forerunner of CAND U.

(1970) The Chalk River labsbegan conducting ground- breaking
research in human cell genetics significantly advancing medical
research programsaround the world.

(1973) When Pickering A was completed, it produced more

electricity than any other nuclear power gation in the world.

(1983) CAND U reactorsheld 7 of the top 10 placesfor lifetime
performance worldwide.

(1987) The Bruce Nuclear Power D evelopment wasthe largest
nuclear stein the world.

(1987) CAND U washonoured asone of the top 10 Canadian
engineering achievements of the past century.




Canada’s Nuclear Industry: Our History

(1993) Canada had 22 nuclear reactorsin O ntario,

Québecand New Brunswick.

(1994) Alberta’sDr. Bert Brockhouse won the N obel Prize for Physics—
for hiswork on materialsresarch usng neutronsat Chalk River.

(1996) The aale of two CAND U reactorsby AECL to China wasthe
largest contract between China and Canada.

(2003) The CAND U unitsin China were delivered four monthsahead

of schedule and under budget. T he project holdsthe record for the shortest
congruction schedule ever accomplished for a nuclear

power plant in China.

(2005) Pickering A Unit 1 wasreturned to commercial service following the
voluntary lay-up aspart of O ntario Hydro'snuclear improvement program.
(2008) New Brunswick Power began refurbishing the Point Lepreau
generating gation. Prior to the refurbishment, it provided up to

30% of New Brunswick’selectricity.

(2008) Hydro-Q uébec announced the refurbishment of Gentilly-2
nuclear generating station in Bécancour, extending itsoperation

until 2035.

(2009) Nuclear energy generated over 55% of O ntario’stotal electricity.

(2010) OPG announced plansto proceed with the detailed planning phase
for the mid-life refurbishment of Darlington Nuclear.




Canada’s Nuclear Industry Today: Facts

* Nuclear energy in Canada isfor peaceful purposes— used only

for electricity generation, medicine, agriculture, research

and manufacturing.
* Nuclear power issafe and one of the highest monitored industries
in Canada.
For 48 years Canada’snuclear industry hasachieved an unparalleled
record of safe, reliable and economic power generation in three
provinces
Canada isone of the world’slargest producers of natural uranium.
Canada’snuclear sector isa $6.6 billion per year industry generating
$1.5 billion in federal and provincial revenuesfrom taxes, providing
71,000 jobs (21,000 direct, 10,000 indirect [contractorsto the
industry] plus40,000 sin-off jobs). It represents 150 firmsand
$1.2 billion per year in exports (Source: Canadian Energy
Research Institute (CERI) 2008).
In 2009: 22 CAND U Reactors—17 in service cleanly and
safely generating 14.8% of the country’selectricity,
—55.2% in Ontarioand 3% in Québec.
In 2009 in Ontario: 20 reactors—16 in service providing 55.2%
of the province'selectricity coming from 12,024 MW (G ross) of
ingalled electrical nuclear capacity (Source: CANDU Owners
Group (COG)/Pressurized Heavy Water Reactor (PHWR)
Performance Indicators D ec 2009).
Canada hasthe world’slargest known high-grade natural uranium
depositsin Saskatchewan.
Canada providesover 50% of the global supply of
medical isotopesfor nuclear medicine used in over 50,000
procedures per day — 5,000 of thos in Canada.



Canada is a World Leader in Uranium

Canada isone of the world’slargest producersof natural uranium sup-
plying over 20% of the world’sdemand (Source: World Nuclear Asso-
ciation- World Uranium Mining, April 2010).

Canadian uranium isused exclusvely for the generation of electricity
at nuclear power plantswith end use gtrictly enforced by international
non-proliferation agreementsand export regrictions

The two major uranium mining companiesin Canada are Cameco
Corporation and AREVA Resources Canada Inc.

Electricity generated from Canadian uranium worldwide avoidsnearly
700 million tonnesof CO2 emissonsannually (Sources Canadian
Nuclear Association (CNA) & World Nuclear Association (WNA)
2009).

Uranium isa metal, common and abundant in nature, found in most
rocks soil, rivers, oceans, food and the human body. It isa unique
element because of itspotential to generate huge amounts of energy.
Saskatchewan’suranium reservescontain about four timesmore
energy than all known Canadian conventional oil reserves

(not including Canada’soil sands).

Saskatchewan’sMcArthur River and Cigar Lake depositsare the
world’sriches with average ore grades of more than 100 times

the global average for uranium mines T he energy contained in

these depostsisequivalent to 15 billion barrelsof oil or more

than four billion tonnesof coal.

Saskatchewan-based Cameco alone accounted for about 16% of

the world’suranium production in 2009. Cameco isalso involved

in exploration projectsin Saskatchewan, Nunavut, the N orthwest
Territoriesand Q uébec and operatesa uranium refining facility

at Blind River, Ontario and conversion and fuel manufacturing
facilitiesat Port H ope and Cobourg, O ntario.



Canada is a World Leader in Uranium

* AREVA ResourcesCanada based in Saskatoon, minesand mills
uranium in Saskatchewan and isexploring for uranium in sveral
provincesaswell asin Nunavut. AREVA Resourcesispart of the
AREVA group, the largest miner of uraniumin 2009.
Thereisample uranium in the world to fuel nuclear power
plantstoday and in the future.

* The Canadian Energy Research Ingitute (CERI) hasfound that the
mining and fuel production, operation and waste disposal of nuclear
plantsproducesjust 1.8 gramsof carbon dioxide per kilowatt-hour
(g/kWh), compared to 540 g/kWh for gas-fired plants,

and 1,050 g/kWh for coal-fired plantsin O ntario.
(Source: Comparative Life-Cycle Assessment

of Electricity Generation in Ontario, CERI, 2008).
The uranium miningindugry in Canada generates
direct employment for 5,000 people.
(Source:The Canadian Nuclear Industry:
Contributions to the Canadian Economy,
CERI, 2008) and isa leading employer

of Aboriginal People.

Eight pelletsof uranium, each smaller than
an average adult thumb, contain enough
energy to power an average home for
about one year.




Nuclear Reactors in Canada

In 2009, 17 nuclear reactorsprovided 14.8% of Canada’selectricity.

2009 Operating Reactors

* PickeringA (ON) 2reactors 542 MW each (

* PickeringB (ON) 4 reactors 540 MW each (

e Darlington (ON) 4 reactors 934 MW each (

* Bruce A (ON) 2 reactors 805 MW each (Grosy
* BruceB (ON) 1reactor 845 MW (

* BruceB (ON) 3 reactors 872 MW each (
 Gentilly-2 (QC) 1 reactor 675 MW (

OPG's Five Year Safe Storage Project Completed in 2010
* PickeringA (ON) Units2 & 3 542 MW each

(Grosy)

3 GCANDU Reactors Being Refurbished 2009

* Bruce A (ON) Units1 & 2 805 MW each
(Gros)

* Point Lepreau (NB) 1 reactor 680 MW
(Gros)

CANDU Reactors in Canada 2009

Québec
Gentilly-2 1 unit
Ontario
Darlington 4 units
Pickering 8 units
Bruce 8 units i

New Brunswick
Point Lepreau 1 unit




Electricity Generation in Canada 2009
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.51%
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Sources : NRCan, February 2009; Statistics Canada, Energy Statistics Handbook 2009.
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*Prior t0 2008, wind and tidal generation areincluded in hydro.
Source: StatigicsCanada, Survey 2151, 2010



CANDU Nuclear Reactor Performance

I P 1983 680 76.8

oint Lepreau*

Gentilly 2 1983 675 65.4 784
Wolsong 1* 1983 622 23.3 84.1
Wolsong 2 1997 730 94.8 93.6
Wolsong 3 1998 729 95.3 94.9
Wolsong 4 1999 730 925 96.0
Embalse 1984 648 98.8 85.4
Cernavoda 1 1996 706 100.1 89.1
Cernavoda 2 2007 705 90.6 93.8
Qinshan 4 2002 700 89.5 91.5
Qinshan 5 2003 700 934 89.9
Pickering A-1 1971 542 91.3 64.0
Pickering A-4 1973 542 36.5 65.7
Pickering B-5 1983 540 70.2 73.9
Pickering B-6 1984 540 77.8 77.8
Pickering B-7 1985 540 94.3 78.1
Pickering B-8 1986 540 91.8 76.7
Bruce A-1* 1977 805 = N/A
Bruce A-2* 1977 805 - N/A
Bruce A-3 1978 805 78.6 64.0
Bruce A-4 1979 805 747 62.9
BruceB-5 1985 872 95.4 83.5
Bruce B-6 1984 872 84.6 80.8
Bruce B-7 1986 872 90.3 83.7
Bruce B-8 1987 872 75.3 82.7
Darlington 1 1992 934 89.7 84.1
Darlington 2 1990 934 87.9 775
Darlington 3 1993 934 74.0 85.4
Darlington 4 1993 934 89.2 86.2
Total/Average 21,313 82.5 81.5

Source : COG CANDU/PHWR, Performance Indicators, December 2009.
*These reactors were under refurbishment during part or all of 2009.



Nuclear Generation Worldwide

* There were 438 operable nuclear power reactorsin 30 countries
on February 1, 2010. The world total includes6 reactors operating
in Taiwan.

Asof February 1, 2010, there were 54 nuclear reactorsunder
congruction, another 148 being planned and 342 being proposed
(Source: World Nuclear Association, February 1, 2010).
Nuclear power isthe only large-scale generation option, other
than hydro, that doesnot release greenhouse gasemissonsthat
contribute to global warming.

Nuclear power produces13.8% of global electricity and isthe
world’sfourth largest source of electricity (Source: OECD/IEA,
Key World Energy Statistics 2009).

Around the world, scientistsin more than 50 countriesuse nearly
300 research reactorsto investigate nuclear technologiesand to
produce radioisotopes for medical diagnossand cancer therapy.

Global Electricity Generation

41.5%
Coal

20.9%
Gas

2.6%
5.6% Other*
0il 13.8% 15.6%
N uclear Hydro
* Other includes geothermal, solar, wind, combustible renewables & waste, and heat.
Source: OECD/IEA, Key World Energy Statistics 2009.



CANDU Technology

* Advanced CAND U reactor under development: ACR-1000°
* World record for longest non-stop operation: Pickering 7
(894 days—1994)
* Top lifetime performance by a CANDU: Wolsong 4 (96.0%)
e Top annual performance bya CANDU in 2009 Cernavoda 1
(100.1%)

Percentage of electricity generated
by CAND Us(2009):

In Canada 14.8%
In Ontario 55.2%
In New Brunswick*
In Québec 3.0%

‘EL‘!H EM‘

* In New Brunswick nuclear accounts for up to 30% of electricity
generation. As of April 1, 2008 the Point Lepreau Generating
Station is under refurbishment.

* Number of tonnes of emissonsof carbon dioxide (CO,) avoided by
CANDU produced nuclear energy in Canada since 1972:

2.4 hillion tonnes (Source: CNA/CANDU Owners Group (COG)).

N umber of tonnes of emissons of sulphur dioxide (SO ) avoided by
nuclear energy in Canada since 1972: 48.9 million (Source: CNA 2009)
Annual production of goodsand services $6 billion

Total annual value of electricity from nuclear: $5 billion

Total direct, indirect and spin-off jobsfrom nuclear power

production in Canada: 71,000 jobs (full-time equivalent not including
5,000 in uranium mining) (Source: The Canadian Nuclear

Industry: Contributions to the Canadian Economy,



“— Québec, Canada

Gentilly-2 1 unit
—— Ontario, Canada
Darlington 4 units
Pickering 8 units
Bruce 8 units

New Brunswick,
Canada

Point Lepreau 1 unit
——— Argentina
Embalse 1 unit

Romania
Cernavoda

Pakistan —
KANUPP

India
RAPS

China
Qinshan

Republic of Korea

Wolsong

2 units

1 unit

2 units

2 units

4 units



Nuclear Facts — Ontario

In 2009, electricity in O ntario wasgenerated from nuclear (55.2%),
hydro (25.5%), natural gas(10.3%), coal (6.6%), wind (1.6%) and
other alternative sources (0.8%) (Source: IESO, 2010).

By 2020, Ontario will need to replace about 80% of itselectricity
generation (25,000 MW) because of growth in demand and aging plants,
about half of which are nuclear.

Bruce Power isrefurbishingBruce A (ON) Units1 & 2 (805 MW each)
with a return to service datein 2011 and will refurbish Bruce A
Units3 & 4 upon completion of 1 & 2.

Thetop two performing nuclear reactorsin Ontarioin 2009 were:
Bruce5 (872 MW) with 95.4% performance and Pickering 7

(540 MW) with 94.3% performance.

OPG continueswork on the environmental assessment and licensing ac-
tivitiesin support of the Darlington New Nuclear Project on the
Darlington Nuclear site.

In February 2010, OPG announced plansto proceed with the detailed
planning for the mid-life refurbishment of D arlington Nuclear. Should
OPG proceed with the project, congruction will sart in about 2016.
OPG isinvegingin the continued safe and reliable performance of itsPick-
ering B dation for approximately 10 years Followingthis OPG will
begin the long-term decommissioning process of Pickering N uclear.

Pickering, ON Darlington, ON Bruce, ON




Nuclear Generation in Ontario

Pressurized Heavy Water CANDU reactors provide 55.2% of Ontario’s electricity.

R

Net  Gross
Bruce A-1 Redart 2011 905 750 805  09/01/1977
Bruce A—2 Regart 2011 905 750 805  09/01/1977
Bruce A-3 Operational 905 750 805  02/01/1978
Bruce A-4 Operational 905 750 805 01/18/1979
Bruce B-5 Operational 915 817 845  03/01/1985
Bruce B—6 Operational 915 817 872 09/14/1984
Bruce B-7 Operational 915 817 872  04/10/1986
Bruce B-8 Operational 915 817 872  05/22/1987
Darlington 1 Operational 935 878 934  11/14/1992
Darlington 2~ Operational 935 878 934 10/09/1990
Darlington 3 Operational 935 878 934  02/14/1993
Darlington 4~ Operational 935 878 934 06/14/1993
PickeringA—1  Operational 542 515 542 07/29/1971
PickeringA-2  Safe Storage 542 515 542  12/30/1971
PickeringA-3 Safe Storage 542 515 542  06/01/1972
PickeringA—-4  Operational 542 515 542 06/17/1973
PickeringB-5 Operational 540 516 540  05/10/1983
PickeringB-6 Operational 540 516 540  02/01/1984
PickeringB—7  Operational 540 516 540  01/01/1985
PickeringB-8 Operational 540 516 540  02/28/1986

Total Installed Capacity 13,870 14,718

Source: CANDU Owners Group (COG), Bruce Power and Ontario Power Generation 2010.



Electricity Generation in Ontario 2009

55.2% Nuclear

0.8% O ther
1.6% -

6.6% Coal

10.3%
Natural Gas

25.5% Hydro

Source: Independent Electricity System Operator (IESO), 2010.

Nuclear power was Ontario’s principal source of electricity in 2009.

D emand for electricity in O ntario declined in 2009 asa result of the
economic recesson, conservation effortsand mild weather. O ntarians
consumed 139,000 GWh (139 TWh) of electricity in 2009, lower than 2008’
consumption (148.4 TWh). O ntario exported a net total of 10.3 TWhiin
2009.

Nuclear facilitiescontinue to be the main electricity suppliersfor O ntario
at 82.5 TWh, or 55.2% of 2009’stotal. The portion of O ntario’selectricity
production from hydroelectric generatorsincreased dightly to 25.5%

from 24.1% in 2008.

Sources of electricity in 2009

Nuclear 55.2% 82.5TWh
Hydro 255%  38.1 TWh
Natural Gas 10.3% 154 TWh
Coal 6.6% 9.8TWh
Wind 1.6% 2.3TWh
Other 0.8% 1.3TWh

Note: Values are rounded(Source: IESO, January 8, 2010).
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Nuclear Facts — Québec

H ydro-Q uébec hasefficiently managed itsnuclear program for more than
30 years

In 1971, the 250 MW Gentilly-1, a prototype reactor, came into
operation near Trois-Riviéreson the south shore of the St. Lawrence River.
Built and owned by AECL and operated by H ydro-Q uébec aff, the reac-
tor had design and operational problemsand wasnot economical. It was
taken out of srvicein 1979.

Québec hasonly one nuclear power gation in operation: Gentilly-2,
owned by Hydro-Q uébec. Equipped witha 675 MW CAND U 6 reactor,
the plant wasconstructed on the same site asGentilly-1 and came

into commercial operation in 1983.

In 2009, Gentilly-2 achieved a grosscapacity factor (performance rate) of
65.4%; it hasa lifetime grosscapacity factor of 78.4%.

In 1995, one of Canada’sfirst dry sorage facilitiesfor used nuclear

fuel began operation at the Gentilly ste.

Gentilly-2 generatesaround 3% of the energy in the Hydro-Q uébec

grid and playsan important part given itsexcellent performance

and profitability. D ue to its proximity to the main load centers,

it also contributesto the stability of the network.

Hydro-Q uébec made the decision in 2008 to refurbish Gentilly-2.

The work would be carried out in 2012 to allow continued

operation until 2035.

Gentilly-2, QC




Nuclear Facts — New Brunswick

New Brunswick Power Nuclear Corporation isa subsidiary of

New Brunswick Power Corporation (NB Power), the largest
electricity utility in Atlantic Canada. It operatesAtlantic Canada’s
only nuclear facility, Point Lepreau Generation Station.

Point Lepreau sarted generating nuclear power commercially

in February 1983 and wasthe fire CANDU 6 in the world to be
licensed for operation with a grosscapacity of 680MW.

The Point Lepreau Generating Station CAND U 6 providesup to
30% of New Brunswick’selectricity and isone of the lowes cost
generatorson NB Power’selectrical sysem.

On April 1,2008 NB Power began refurbishment of Point Lepreau
to extend the gation’slife to 2032.

Since 1983, the dation’sin-service grosslifetime capacity factor
hasbeen 79.5%.

Point Lepreau became NB Power’sfirs ISO 14001 registered
generating sation, demongrating that advanced sysemsare

in place to manage environmental isues

In 2006, the Canadian Nuclear Safety Commisson approved proposed
modificationsto the Solid Radioactive Waste Management Facility
at Point Lepreau.

Low and stable uranium fuel costscontribute to a reliable supply

of economical electricity for New Brunswick.

Point Lepreau, NB




Coal-fired Power Plant
42,000 TonnesCO,
.|

620 TonnesAcid Gas
“EVER

Y 10TonnesDugt

e Nuclear energy isclean. Canada’snuclear electricity plantsrelease vir-
tually no emissonsthat cause climate change, smog or acid rain.
Many countries, such asthe U.S. and China, rely on coal for power
generation. By relying on nuclear generating sationsfor 15% of

our electricity insead of coal-fired plants Canada avoidsabout

90 million tonnes of greenhouse gasemissons per year.

On a life-cycle basis nuclear energy also hasrelatively low carbon diox-
ide emissons A number of gudiesconducted around the

world show that nuclear energy’slife-cycle emissonsare much

lower than coal, oil, and natural gasand are smilar to those

of wind, solar and hydro.



Environment: Domestic and

International Commitments

Canada’senergy demand isexpected to increase by 34% by 2025,
creating higher requirement for reliable, clean electricity.

The Government of Canada has st the objective that 90% of
Canada’selectricity needsto be provided by non-emitting sources
auch ashydro, nuclear, clean coal or wind power by 2020.

The Government of Canada hascommitted to reducing Canada’s
total greenhouse gasemissonshby 17% from 2005 levels

by 2020.

Nuclear electricity generation in Canada isclean and can help
meet these targets. It avoidsabout 90 million tonnesof greenhouse
gasesa year—about 12% of Canada’stotal emissons

The 15th United NationsConference of the Parties meeting

held in Denmark in D ecember 2009 culminated in the
Copenhagen Accord, an agreement that endorsesthe
continuation of the Kyoto Protocol.

Canada and 18 countries representing over 83% of

global emissons, signed the Copenhagen Accord.

The Government of Canada isworking to implement the
Copenhagen Accord and to complete negotiationsunder

the United Nationsto reach a legally binding international
treaty that isfair, effective and comprehensgve.




Electricity Generation and
Greenhouse Gas Emissions

Life-Cycle Analysis of Base Load Electricity in Ontario
(Nuclear, Coal and Natural Gas)

= All formsof electricity generation produce some greenhouse gasemissons
(GHG) whether from mining or milling fuel, building electrical plants,
trangportation, releases of gasesor pollutantsduring the burning of
fuel and/or in the disposal of by-productsor waste.
* The Canadian Energy Research Ingitute (CERI) conducted a Life-Cycle
Analyss(LCA) toidentify and analyze current and potential life-cycle
environmental impacts (GH G emisson, other air pollutants water
pollutantsand radiation) of base load electricity generation from
nuclear, coal and natural gasin O ntario.
Life-Cycle Analysis(LCA) isa sysematic approach used to evaluate
environmental impactsassociated with electricity generation from
different sourcesover their life-cycle (cradle to grave).
The LCA took a snapshot of electricity generation activitiesin 2005 and
2006 in Ontario looking at the fuel supply chain and the operations of
the electrical facility within the sysem boundaries
ThisLCA did not include CO, from construction of coal, gasor nuclear
plantsbecause CO, emisionsin the congruction phase of these variouselec-
tricity generation technologiesare roughly the same for each and
proportional to the Sze of the plant and quantity of materialsused.

Construction Emissions of Various Electricity Generation Technologies’

Power Generation Kilo Tonnes of Ratio of Construction CO,
Technology CO; perTWh to Operations CO> (%)
IGCC (coal) 1.10 0.14
SUPC (coal) 1.49 0.18
CCGT (gas) 0.95 0.22
SXC (nuclear) 2.22 6.89

Notes: CCGT: Combined Cycle Gas Turbine, IGCC: Integrated Gasification Combined Cycle, SUPC:
Supereritical Coal, SXC: Sizewell C (PWR).

Source: 'Estimating life-cycle from Table 2 of: S. Andeseta et al., “CANDU Reactors and

Greenhouse Gas Emissions”.
www.computare.org/Support%20documents/Publications/Life %20Cycle.htm, retrieved October 20, 2008.



Electricity Generation and
Greenhouse Gas Emissions

The LCA did consder CO, emissonsin the consruction phase of other
electricity generation technologies (hydro, wind, biomass) demongrated
that congruction-related emissonsare negligible when compared to
the emissonsrelated to plant operationsand their fuel life-cycles

CERI concluded that theinclusion or excluson of construction-related
G0, emissonsdoesnot sgnificantly affect the outcome of the LCA.

Material Quantities for Construction of Various Electricity Genera-
tion Technologies, circa 1983 (Thousands of tonnes per EJ/year)

G eneration Technology Steel Concrete 0 ther M etals

Coal - Electric 1,500 5,500 30
Coal - Synfuel 600 * 30
CANDU 900 Mwe (1995) 1,600 14,000 *
LWR 2,500 15,000 125
CANDU 600 Mwe (1995) 1,400 18,000 *
Hydro 3,500 60,000 200
Wind 8,000 35,000 1,000
Biomass 4,500 12,000 *

Notes: * Indicates data not available;; LWR, Light Water Reactor

Source: ?Estimating life-cycle from Table 2 of: S. Andeseta et al., “CANDU Reactors and
Greenhouse Gas Emissions”
www.computare.org/Support%20documents/Publications/Life%20Cycle.htm,

retrieved October 20, 2008.

* Ontario power plantsincluded in thissudy: three nuclear, four coal-fired
and fifty-two natural gasfired.

* LCA analyses, completed in accordance to international sandards (1SO
14040 =ries), can assig with future electricity generation mix decisons



Electricity Generation and
Greenhouse Gas Emissions

* The study of the complete life-cycle of nuclear power in O ntario found
that nuclear power resultsin the emissonsof 1.8 gramsof carbon diox-
ide per kilowatt-hour (¢/kWh) of generated electricity. T hese emisions
occur mainly in the mining and refining of

uranium fuel, not in the operation of the reactor.

The study of the complete life-cycle of coal in O ntario resultsin

the emissonsof 1050 g/kWh, mogtly created by the burning of

coal in the power plant.

The study of the complete life-cycle of natural gasin O ntario

to make electricity resultsin emissonsof 540 g/kWh, mogtly

created by the burning of natural gasin the power plant.

Comeparative Life-Cycle GHG Emissions for
Ontario Electricity Generation Sector

1.2
1.0
0.8 |
0.6 |
0.4
0.2 |
0|

1.05

Mt/TWh (€0, eq.)

0.002

Nuclear Coal Natural Gas

e Thissudy concludesthat life-cycle GH G emissonsper one TWh of nu-
clear electricity are so small, that they are smply not comparable to
other typesof base load electricity generation.



Electricity Generation and
Greenhouse Gas Emissions

GHG Emissions Avoided by Replacing
One MWh by Switching Fuels
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 |f one MWh of coal-fired or natural gasired electricity capacity
isreplaced by one MWh of nuclear electricity, O ntario could have
avoided 1049 kg or 539 kg of GHG emissons, respectively.

For complete information and the full “Comparative Life-Cycle
Asessment (LCA) of Base Load Electricity Generation in Ontario”
report please go to www.cna.ca under “Studiesand Reports’.




Radiation

Radiation isnatural and everywhere. Radioactivity hasbeen in rocks

il, water and air snce the earth wasformed, and isresponsble for the

formation of mountains

o X-raysareinvishble and were discovered accidentally in 1895 by
Wilhelm Roentgen in Germany when he noticed that a crystal would
glow whenever heturned on an electric current in a vacuum tube.

¢ |n France, Henri Becquerel accidentally discovered nuclear radiation

in 1896 when he noticed that a photographic plate would darken after

he put a piece of uranium rock on it.

Theradiation dose to the public asa result of radioactivity from all nu-

clear power plantsin Canada ismuch lessthan regulatory limitsand

the radiation dose from naturally occurring sources

All Canadiansare exposed to naturallyoccurring radiation, mostly

from the sun and from radon which isfound in soil aswell as

man-made sourcessuch asX-raysand air flight. Asan example,

a person flying one-way from Toronto to Vancouver will receive

about 15 to 20 timesthe amount of radiation exposure asa

person livingin the perimeter of a nuclear plant for a whole year.

Breakdown of Radiation Dose to Public in microsieverts (U Sv) per year

Natural 2,020 Other* 80

Bruce Site 2.10 Medical 1,100

* Includes a number of manufactured goods, technologies, or human activities such as
air travel, construction materials, televisions, smoke detectors, luminous dial watches,
coal combustion products, etc.



Nuclear Regulation in Canada

The Canadian Nuclear Safety Commisson (CNSC) isan independent,
quasi-judicial regulatory agency that reportsto Parliament through

the Miniger of Natural ResourcesCanada (NRCan).

AsCanada’snuclear watchdog, the CN SC’smandate isto regulate the use of
nuclear energy and materialsto protect the health, aafety and security of
Canadiansand of the environment; and to implement Canada’s
international commitmentsto the peaceful use of nuclear energy.

The CNSC regulatesall nuclear facilitiesand activitiesin Canada includ-
ing the operation of nuclear power plants uranium procesing and fuel
fabrication facilities research facilities radioactive waste management
facilities nuclear substance procesingfacilities and uranium

minesand mills

Before any person or company can prepare a ste to build, operate,
decommission or abandon a nuclear facility, or posess, use, transport or
sore nuclear substances, they must obtain a license issued by the CNSC.
The CNSC overseesthe refurbishment of existing nuclear power plantsand
ismaking preparationsfor new nuclear projects, including new

nuclear power plantsand new uranium mines. In termsof regulating these
major resource projects, the CNSC isa partner in the federal
government’sMajor ProjectsManagement O ffice under NRCan.

CNSC daff islocated on-dte at each of Canada’sfive nuclear power
plantsand AECL’sChalk River Laboratories and acrossCanada in

four regional offices (Calgary, Saskatoon, Misisauga and Laval).

The CNSC hasa longganding higory of international bilateral and
multilateral cooperation. International peer reviewsand shared practices
are frequently conducted through the International Atomic Energy

Agency and the World Association of Nuclear O perators

The CNSC drivesto be the begt nuclear
regulator in the world, and isfocused on
itscore regulatory operations, commit-
ment to ongoing improvements clarity
of requirements, capacity for action
and communications




All of the used fuel (waste) produced by Canadian

nuclear power plantsissafely managed at licensed

interim storage facilitiesat the reactor’sstes

Usd fuel isinitially sored in water-filled baysat the

gte of the nuclear power plantsfor 5-10 yearsand then
placed in large concrete and steel containersafely

gored on gte.

Thetotal amount of used fuel produced by Canada’s
nuclear power plantscould be stored in six hockey rinksup
to the height of the boards.

In Canada’s48 yearsof usngnuclear energy, no member of
the public hasbeen harmed asa result of a radiation leak
from a nuclear power plant or waste sorage facility.

The Nuclear Waste Management O rganization (NWMO)
wasegablished in 2002 to collaboratively develop with
Canadiansa management approach for the long-term

care of Canada’sused nuclear fuel.

In 2007 the G overnment of Canada accepted the NWMOQ'’s
recommendation for an A daptive Phased

M anagement approach which incorporatesnew learning
and knowledge at each step to guide a process of phased deci-
son-making. The plan isnow beingimplemented

by the NWMO.

D esgnshave been developed for a deep underground reposi-
tory for used nuclear fuel which will be hosted by

an informed and willing community. T he project will not
be imposed on any community.

In 2006, O ntario Power Generation began the environmental
assessment for a deep geological repository to sore low and
intermediate level waste at the Bruce nuclear ste.
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Long-term Care of Canada’s Used Nuclear Fuel

Adaptive Phased Management involves:

 Ultimate centralized containment and isolation of used nuclear fuel
in a deep underground repostory in a suitable rock formation;
Movingto thisultimate goal through a seriesof stepsand clear
decison points which can be adapted over time asmay be required;
Providing opportunitiesfor citizensto be involved throughout the
implementation process

Allowing for optional temporary shallow storage at the central ste,
if needed,;

Ensuring long-term sewardship through continuous monitoring

of the used fuel and maintaining the ability to retrieve it over an
extended period should there be a need to accessthe waste or

take advantage of new technologies which may be developed; and
Providing financial surety and long-term program funding to ensure
the necessary money will be available for the long-term care of

used nuclear fuel when it isneeded.

Tolearn more about the Adaptive Phased Management approach and the
long-term management of used nuclear fuel in Canada, pleas vist nwmo.ca
where you can view the video, “Managing Canada’sUsed N uclear Fuel:

A Responsible Path Forward.”




Advancing Global Health

* Global nuclear medicine garted mainly in Canada in 1951 when the
firg two cancer-treatment machinesusing cobalt-60 (radioisotopes)
were built. One wasbuilt by Dr. Harold Johnsof Saskatoon and one by
Eldorado Miningand Refining Ltd. In 2008, Best T heratronics

took ownership of the cancer treatment technology.

Today in Canada, MD S Nordion isa leading provider of innovative
technologiesfor medical imaging and radiotherapeutics, and
erilization technologies benefiting the lives of millionsof people

in more than 65 countriesaround the world.

MD S Nordion producesa comprehensive range of productsthat

are used to manufacture medical imaging radiopharmaceuticals.
These are used to diagnose heart disease and forms of cancer.

MD S Nordion providesinnovative targeted cancer treatmentsfor

a variety of conditionsincluding liver and brain cancer, and

non-H odgkin’slymphoma. Many of these treatmentstarget cancer
from within the body to deliver a higher concentration of treatment
tothe tumor.

Canadian-produced medical isotopesfor nuclear medicine are used in
over 50,000 proceduresa day world-wide,with 5,000 in Canada alone.
Canada’snuclear infrastructure isesential to the global medical
isotope supply. MD S Nordion processes materialsfrom Atomic

Energy of Canada Limited (AECL) at the Chalk River Laboratories
to produce 50% of the world’s medical isotopes.




Advancing Global Health

Through a partnership with the TRIUMF Laboratory and MD S
Nordion, medical isotopesare also produced by three cyclotrons

on the Universty of British Columbia campus Radioisotopesare

also produced at McMagter University in O ntario.

Canada supplies60% of the world’s cobalt-60 used to sterilize more
than 40% of the world’ssingle-use medical supplies Thistechnology is
also used to dterilize a vagt array of consumer products, such asfood
packaging materialsand cosmetics

Canada’scobalt-60 isproduced in nuclear reactorsat Bruce Power and
Pickeringin Ontario and Gentilly-2 in Q uébec.

Canada isa leader in the development of gamma technology used

to eliminate food-borne pathogens such asharmful E.Coli and
Salmonella, to make food safer and asa quarantine treatment for fruits
and vegetablesto reduce post-harvest losses caused by spoilage, pest in-
fegation and contamination.

MD S Nordion iscollaborating with the Universty of O ttawa H eart
Ingitute (UOHTI), Canada’slarges cardiovascular health centre,

to establish a Molecular Imaging Centre of Excellence to advance
cardiology resarch. T he new centre enablesthe two organizations

to collaborate on joint cardiology resarch, usingthe lates in
molecular imaging technology.




Nuclear Research and Development

Canada isa world leader in the peaceful usesof nuclear technologies
and in pushing the frontiers of scientific knowledge and innovation
usng nuclear reactorsfor resarch and development (R&D).

In the 1940s the National Research Council (NRC) recognized a huge
potential for innovation that could be realized from the discovery of nu-
clear energy and sudying atoms which are the basisof all matter. By
improving our undergtanding of the way matter workswe can

have pogtive impactson every aspect of our lives

In 1944, NRC built the Chalk River Laboratories (CRL) on the shores
of the O ttawa River, 200 kilometersnorthweg of O ttawa. T he decision
to build a national research laboratory isthe foundation of Canada’s
leadership rolein nuclear energy, nuclear medicine and matter
research.

In 1952, Atomic Energy of Canada Limited (AECL) wascreated as

a fully-owned federal crown corporation with the broad mandate

to develop and apply the peaceful usesof the atom and direct

sientific research at the Chalk River Laboratories

AECL hassince operated asCanada’snational nuclear R&D ingitu-
tion contributingitsscience and engineering research capabilitiesin
developing and supporting commercial CAND U productsand

service businesses nuclear medicine and materialsresearch for

a wide range of indugtries




Nuclear Research and Development

Canada’shomegrown nuclear energy technology — CAND U power
plants— wasdeveloped at CRL. There are now 34 CAND U nuclear
reactorsworldwide : Canada (22), Argentina (1), Romania (2),

South Korea (4), China (2) Pakigan (1) and India (2).

Canada hashbeen recognized asa world leader in materialsresearch
using neutron beamsat CRL since the 1950’swhen Alberta-born

Dr. Bert Brockhouse pioneered thisfield, earning him the 1994

N obel Prizein physics

The National Research Universal (NRU) reactor isthe fourth larged re-
search reactor in the world and the largest global producer of
isotopesfor applicationsin medicine and industry; itscore provides

a tes environment for fuelsand componentsfor nuclear power
technologiessuch asCAND U reactorsand it suppliesneutronsfor

the materialsresearch conducted at CRL. The earlier NRX reactor
performed gmilar functionsuntil it wasshutdown in 1992.

With over 50 yearsof sudying materials, Canada has made major -
entific and economic contributionsto the fields of aerospace,
automotive, manufacturing, energy, congruction, health, environmental
technologiesand oil and gas. For example, today’s groundbreaking
biological ressarch at CRL focuseson how our body really worksby de-
termining the roles of cholesterol and proteinsin cell membranes This
kind of basc knowledge will open pathwaysto revolutionary
approachesfor curing diseases, benefiting Canadiansand patients
around the world.




Nuclear Research and Development

e The Chalk River Laboratorieswere responsible for designing the NRX
(42 MW) and NRU (135 MW) research reactors, ZED -2 (0.2 kW)
and SLOWPOKE (16 to 20 kW) reactorswhich are used today across
Canada in Saskatchewan, Alberta, Québec, O ntario and Nova Scotia.
The SLOWPOKE reactorsare primarily toolsused for smaller scale
regarch and education.

* The McMasger Reactor (3 MW) isthe second largest research
reactor in Canada and isused for education and research,
medical isotope production and industrial imaging.

* GRL remainsCanada’snuclear resarch laboratory and now employs

over 2700 people. It supportsa scientific community of over 400

researchersand engineersfrom the Canadian industry, government and

over 50 university departmentsacross Canada, and operatesin

a global network of neutron beam facilities attracting collaboration

with over 100 ingitutionsfrom 20 countries.

Canada’sworld leadership role in nuclear technology development pro-

videsthe country with a respected international voice allowingit to

participate at forumsfor future technology development (Generation 1V

International Forum) and for international nuclear safeguardsand

non-proliferation.




Nuclear Research and Development

* In 2011, Canada’sN RU soperating license will expire asit approaches
the end of itsuseful life after an outstanding performance of over
50 years AECL plansto apply for a license for another 5 years.

» Canada iscurrently exploring optionsfor itsreplacement and
reinvesment in nuclear infragructure to move forward and
capitalize on the nuclear renaissance worldwide.

In Canada, there are
eight operational
, research reactors:

Universif
of Algerg

TRIBM
Chalk River

Whi:es ell  Laboratories
aboratofies

(4

ol
~8Balhousie
7 S University

McMaster
University

Chalk River Laboratories — NRUReactor 135 MW dart date 1957

Chalk River Laboratories — ZED -2 Reactor 0.2 kW dart date 1960

Royal Military College - Slowpoke-2 Reactor 20 kW sart date 1985
Saskatchewan Research Council - Slowpoke-2 Reactor 16 kW sart date 1981
Ecole Polytechnique — Slowpoke-2 Reactor 20 kW dtart date 1976

University of Alberta — Slowpoke 2 Reactor 20 kW dart date 1977

Dalhousie University — Slowpoke 2 Reactor 20 kW dart date 1976

McMaster University — McMaster Nuclear Reactor 3 MW start 1959
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Resources

American Nuclear Society
www.ansorg

AREVA Canada
www.arevacanada.ca

AREVA Resources Inc.
WWW.arevaresources.ca

Atomic Energy of Canada
Limited

www.aecl.ca

Australian Uranium Association
www.aua.org.au

Bruce Power
www.brucepower.com

Cameco Corporation
WWW.Cameco.com

Canadian Nuclear Association
WwWw.cna.ca

Canadian Nuclear Safety
Commission
www.nucleargafety.gc.ca

Canadian Nuclear Society
WWW.CN$-snc.ca

Canadian Nuclear
Workers Council
Www.cnwe-cctn.ca

Canadian Institute for
Neutron Scattering
WWW.Cins.ca

CANDU Owners Group
www.candu.org

Centre for Energy
www.centreforenergy.com

European Nuclear Society
www.euronuclear.org

Foratom-European Atomic Forum
www.foratom.org

Half-Lives: A Guide to Nuclear
Technology in Canada
HansTammemagi, David Jackson,
0 xford University Press 2009
www.cna.ca/english/publicationsasp

Hydro-Québec
www.hydroquebec.com

Independent Electricity Systems
Operator (IESO)—Ontario
WWW.ieso.ca

International Atomic Energy
Agency (IAEA)
WWW.iaea.org

International Commission
on Radiological Protection
WwWw.icrp.org



Resources

International Energy Agency
WwWw.iea.org

McMaster University
www.mcmaster.ca

MDS Nordion
www.mdsnordion.com

Natural Resources Canada —
Nuclear Energy Division
www.nuclear.nrcan.ge.ca

New Brunswick Power
www.nbpower.com

Nuclear Energy Institute (U.S.)
Www.nei.org

Nuclear Waste Management
Organization
WWW.NWmo.ca

Ontario Power Generation
WWW.0pg.com

Organization for Economic
Co-operation and Development
Nuclear Energy Agency
www.nea.fr

Organization of CANDU
Industries
WWW.0Ci-aic.org

Power Workers’ Union
WWW.pwu.ca

Society of Nuclear Medicine
WwWw.nm.org

United Nations Scientific
Committee on the Effects
of Atomic Radiation
WWW.UNSCear.org

University of Ontario Institute
of Technology
www.uoit.ca

Women in Nuclear Canada
www.wincanada.org

World Nuclear Association
www.world-nuclear.org

World Nuclear University
www.world-nuclear-university.org

Nuclear technology
Exploring Possibiliti

Educatinal Resources
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The Voice of Canada’s Nuclear Industry

The Canadian Nuclear Asociation (CNA) isa
non-profit organization established in 1960 to
represent the nuclear industry in Canada and
promote the development and growth of

nuclear technologiesfor peaceful purposes

Canada’s Lindustrie
Nuclear nucléaire
Industry canadienne

Canadian Nuclear Association Celebrating 50 Years - 50ans déja

130 Albert Street, Suite 1610, Ottawa, OntarioK1P 5G4
T:613.237.4262 F:613.237.0989

www.Cha.ca



