Nuclear power:
a viable option for a

Carbon Zero NZ7

Bryan Leyland
MSc, DistFEngNZ, FIMechE, FIEE(rtd).



Nuclear power for New Zealand?

. The Government is committed to Carbon Zero power generation by 2035
. 1IN all but dry years

. By 2050 Carbon Zero will result in a 4000 MW increase in demand

. electric transport and heating

. this would need 12,000 MW of wind and solar + ~4000 MW of storage

. about $35 billion - $8000/MW of new load

. Would nuclear be better and cheaper?



Nuclear power

°|S |t:

e [he safest and most environmentally friendly form of major power generation®
. effectively zero emissions of greenhouse gases
. safer than hydro, gas and coal fired generation
. cooling water Is the only significant environmental impact

*Or

. too risky to contemplate’?



The ~100 kW natural nuclear reactors in
. Gabon went critical around two billion years ago, and
SOme h|S'tOry ~continued for ~ one million years.
The radioactive products have been safely contained for

two billion years, providing evidence that long-term
geologic storage of nuclear waste Is feasible.




Concentrated clean energy
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Used world wide for 50+ years

130 reactors planned or under construction - 100,000 MW
Nuclear power production 1970 to 2020
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|:| SSi on prOCeSS Energy Is released when neutrons

split a uranium atom
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Reactor generations
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Pressurised water reactor - Gen 2

Containment Turbine Generator
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Modern Gen
3 reactor
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\Vlore reactors
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Thorium reactor

Coolant sailt

. Many advantages over uranium \

—

. cannot provide weapons grade material

. Mmany earlier reactors were for plutonium
production

. three times as abundant as uranium

. reactors are inherently safe

. can recycle spent uranium fuel




Small modular nuclear reactors

. Mass produced In a factory and assembled on-site
. regulatory approvals needed for the first unit, not every site
. Much quicker and potentially cheaper
. can be refuelled on site or exchanged for a new module
. Most are buried underground for convenience and safety
. Vvery flexible as modules can be added as load increases

. Modules as small as 1 MW being developed for isolated communities



Nuscale SMR
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Rolls Royce SMR
470 MW




Pebble bed High temp reactor

Passive Decay Modular Eectiricty or Hydrogen
Hoat Removal - PE-AHTR Production
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FUSION reactors

Fusion power offers the ;
prospect of a virtually /
iInexhaustible source of energy OOG

for future generations p
Tntium Neutron

Many unresolved engineering
challenges:
- The fundamental challenge Is getting more power out than goes in....

The main hope is centred on tokamak reactors and stellarators which confine a deute

“Fusion will be commercially viable within the next 10 to 15 years
[t may beat many small modular fission reactors to market”
CEQO General fusion




| okamak

D-T plasma are confined by a
magnetic field and heated to fusion
temperature.

superconducting
// magnets

Lockheed Skunk Works

A reactor small enough to fit on a truck 4,

.."/, /, l \
could provide enough power for a small ¢ / W
city of up to 100,000 people. gy L

‘ blanket absorbs neutrons o breed

fuel and transfer heat to turbines



Safety

e [f a nuclear station Is shut down and sealed off
and no-one enters, no-one will ever get hurt

e A large hydro dam requires active monitoring
and maintenance for ever

e High level waste Is dangerous but
e it IS easy to shield against the radiation

o it decays to a safe level in less than 1000
years

e [he natural nuclear reaction in Gabon
produced the same wastes as a modern
reactor.

e« Research shows that the waste material did
not migrate and eventually decayed.




Sellafield
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FUukushima

“No one has, or will, die of radiation from Fukushima”
. there has been no credible evidencef ™= = = = .. . =

of excess congenital anomalies,
stilloirths, preterm deliveries or low
birthweights  related to  radiation s <
exposure” S

United Nations Scientific Committee ™ '
on the Effects of Atomic Radiation R 1

But lots of people died as a result of forcedp=
evacuations and power shortages.



Chernobyl and Fukushima

e Anyone who wants to use Chernobyl as an argument against modern
reactors should not drive a modern motorcar or travel in a cruise liner

. the Model T Ford did not have seatbelts or 4 wheel brakes
. The Titanic did not have radar
e [echnically Chernobyl used obsolete and dangerous technology.

. [t s Irrelevant to modern nuclear power stations

. Fukushima turned into a disaster because the emergency diesels were on
the ocean side of the power station and were drowned by the tsunami



s Radiation Dangerous

» There is evidence that
exposure to moderately high
levels of radiation gives some

Immunity against cancer In
later life

AND REASON

The Impact of Science on a Culture of Fear

» the theory is that a high dose
of radiation stirs up your
natural resistance and this
serves you well in later life

o radiationandreason.com




[inear No Threshold vs real world

Iran

Natural radiation at Ramsar at 260
MSV is 25 times higher than the US
EPA maximum. “Residents have
healthier and longer lives”

Hiroshima
80% of those exposed at an age of
under 20 are still alive

Death rate Is comparable with the rest
of the population

ReéAi'Radiation Danger Lavels

Crosses show the mortality of Chernobyl firefighters (curve is for rats).
The numbers show the number who died/total in each dose range.

Linear no threshold

Real world
Regulated

levels are
\ﬁ

S,
~1 mSv o '
1000 mSy 5% Danqgerous Fatal
is safe! 4754
i —————

0 2000 OO0 GOOO OO0 1 D000
Dose/mSy
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not cancer.
Below 4,000 mSv 1/195 died.

Tokyo, 3 Octoder 2011



Dealing with high level waste

. A typical 1000 MWe reactor will produce 3 m3 of high level waste each year

e |f a nuclear station i1s shut down and sealed off and no-one enters, no-one will ever
get hurt

o A hydro station with a large dam requires active monitoring and maintenance for
ever

o Kariba dam in Africa has major problems
e |f it failed, millions of people would be drowned
o | believe that large dams are the most dangerous thing that mankind makes.

e High level waste is dangerous but it Is easy to shield against the radiation



VWaste disposal

. In approximately 1,000 years a bundle of used nuclear fuel Is no more radioactive
than the uranium it was made from

. Nighly radioactive materials decay rapidly

. Drilling deep into solid rock, dropping in the canisters followed by concrete is
effective and safe

. 1IN 1988, the disposal of HLW In deep ocean sediments was deemed to be
technically feasible by the Organization for Economic Co-operation and

Development

. Placing canisters on the surtace of a deep ice sheet letting them melt their way
deep Into the ice from the heat released is also an option




Relevance to Carbon Zero New Zealand

. Current situation

Risk of dry year shortages unless 1000 MW of new gas-fired generation Is built in the
next few years - [ranspower

. Our options:

. hope that NZ battery project will come up with viable storage solutions that can be
implemented In a few years

. plan for nuclear power using small reactors
. hope that fusion power will be available in 20 years

. abandon Carlbon Zero
. In all options we need more gas including shale gas

. Orrisk shortages and high prices






