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How to Recognize When

Someone Is Talking Rot

" President Drew Faust
- . welcomes the Class of
"% ", ™ 2021 to Harvard College:
" | e The most important goal
= of higher education is to
ensure that graduates
can recognize when
“someone is talking rot.”
(Jeremy Knowles)
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Norway 0.63 (10.5)
]

Denmark 0.33 (0.45) China 054 (3.0)
Germany 0.48(3.8)

e

-’

Kerala (India)
3.8 (35) :

Ramsar (Iran)
10.2 (260)

\

—-—
India 0.48 (9.6) Japnw1 o

Yangjiang (China)

351(54)

USA g0058)

gga(l'ggfri (Brazil)

- |

(

) maximum value

Area mean maximum
{mGy/vear) | (mGy/vear)
Ramsar, Iran @ 102 (260)
Guarapari Brazl ()55 (35)
Kerala, India 98 (35)
/ [Yangiang China 351 )
Hong Kong, China 067 (1.00)
MNoraay 063 {105
France 0.60 (2.200
China 054 (3.0
[taly 0.50 (4.38)
World average 0.50
India 048 (9.6)
Germany 0.48 (3.8)
Japan 0.43 {1.26)
USA 0.40 (0.88)
Austria 037 (1.34)
[reland 0.36 (1.58)
Source: UNSCEAR & Health Research Foundation, Kyoto, Japan
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/&28%'.’,{#2%5““ Sources of Radiation

O 14%

O 85%

Medicine

Nuclear Industry
Radon
Buildings/Saill
Cosmic
Food/Drinking Water

Natural Radiation
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Radiation is everywhere

Inhaled Radon

Radioactive Elements

We live in a sea of radiation. ..
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Deterministic effects (hair loss, cataract, etc.)

= + Threshold dose
= ~1000 mSv
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X-ray

With Distance
Traveled in the

Material

Material

Factors Ph oton

Affecting En
er
Amount of B

Transmission

f
Thickness
Density
Atomic Number (Z)

D - 5 )%

!!
uU\
gaq

Percent Transmitted Energy

Incident Energy (100%)
ES

X-ray

Photons

e 1,
-——ol.&
1234567

Half-Value Layers

Amount of
Attenuated

N S~ Y

NEUTRONS

Tansmined e T i sanse

Half-Value Layer (HVL) for y-ray:
> 9 cm of soil

> 6 cm of concrete

> 1 cm of lead

> 0.2 cm of depleted uranium
> 150 m of air



http://en.wikipedia.org/wiki/Soil
http://en.wikipedia.org/wiki/Concrete
http://en.wikipedia.org/wiki/Lead
http://en.wikipedia.org/wiki/Depleted_uranium
http://en.wikipedia.org/wiki/Earth's_atmosphere
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ITonizing Radiation

Dose Ranges

( Sievert )

Estimated dose for
3-yr Mars mission

Vs
-~ 4 Science

U5 DEPARTMENT OF ENEROY

Office of

Typical mission doses on
Int. Space Station (ISS)

“Radiological

Life Span Study
(A-bomb survivors)

Whole body, acute: G-I destruction:
lung damage: cognitive dysfunction
(death certain 1n 5 to 12 days)*

total dose to tumor

sumn IOIIIIIIIII L | |

g™ |

Cancer Radiotherapy:

Whole body. acute:
cerebral/ vascular
breakdown
(death 1n 1-5 days)*

90 100 Sv

Whole body. acute: marked G-I
and bone marrow damage

/ (death probable in 1-2 weeks)*

0 10 20 30 40 50 60 70 80
Total.Bo_d}' Whole body. acute: circulating blood
Irradiation cell death: moderate G-I damage
(TBI) Therapy (death probable in 2-3 weeks)*
. . LA R R R AR RERENERJLEZ:.) -n

NN NS NSNS AEEE S ANASEAEEE SRR

i *Note: Whole body acute

0 1 3 4 5 6 7 S 9 10 Sy :  Drognoses assume no
3 R : 110S€ ume oo
Human LD, range. acute exposure Human LD, range. acute exposure ! medical intervention.)

s N FLTTTTLTT [TLTT]

with no medical intervention
(50% death 1n 3-6 weeks)*

+-.-....——— Cancer Epidemiology ——

Emergency” guidelines 4
for public relocation —__

“Full-body CT screening™
(one scan) 0

10

DOE administrative control
=20 mSviyr =2 remfyr

CD

Typical annual doses for
commercial airline
flight crews

A B
0 2

Cleanup criteria for
site decommissioning/
license termination
0.25 mSv/yr

Round-trip
NY to London
0 0.1 0.2 0.3
NCRP Typical maximum
“Negligible doses from DOE
Dose” facility releases

e —e

Natural background,
average = 3 mSv/yr

\fucllldes radon)
4... '.’

ANSI standard N43.17
Personnel scanner,
max = 0.25 mSv/yr

0.2 0.4 0.6 0.8 1 Sv
NRC guideline for
lifesaving ~ 0.25 Sv
DOE Low Dose Program o
H I —J
20 30 40 50\ 60 70 80 90 100 mSv

NRC Dose Limit for Workers
=50 mSv/yr = 5 rem/yr
Medical Diagnostics (A-J)
F G
4 6 8

Temporary “Special Case” annual
Public Limit (NRC, DOE)

Regulations & Guidelines © four orders of

magnitude )

10 mSyv
(=1rem)

0.5

0.6

0.7 0.8 0.9

NRC Dose Limit for Public

1 mSv

with medical intervention

Evidence for small increases in
human cancer above 0.1 Sv acute
exposures, 0.2 Sv chronic exposure

Medical Diagnostics, mSv

A- Chest x-ray (1 film) 0.1
B- Dental oral exam 1.6
C- Mammogram 25
D- Lumbosacral spine 3.2
E- PET 3.7
F- Bone (Tc-99m) 4.4
G- Cardiac (Tc-99m) 7.5
H- Cranial CT (MSAD) 50

(multiple scan average dose)

I- Barium contrast G-I 85

fluoroscopy (2 min scan)

J- Spiral CT 30-100

LDs, = Lethal Dose to 50%

(the acute whole body dose that results in
lethality to 50% of the exposed individuals)

=1 mSvlyr = 100 mrem/yr
(DOE, ICRP, NCRP)

Absorbed dose:
Dose equivalent: 1 Sievert =100 rem

1 Gray = 100 rad
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Splitting Atoms Makes Heat, Heat Transfered to Produce Steam,

Releases NeutmnsH ( Steam to Generate Electricity
3 ea

Steam

« | Generator
' - Steam ; e
) — ; ) produced Turbine "Wy
Neutron ‘ Neutrons
I Electricity
‘ Heat z
y or more fission products

Source: www.pilgrimpower.com
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The 264 fuel
rods are bundled
with grids, and
the fuel
assembly is
equipped with
top and bottom
nozzles.

>

Pressurized
water reactor
(PWR)

A% IR R

www.nfi.co.jp & sanonofresafety.org

= PWR fuel assembly

Weight: Approx. 700 kg |

< A cladding tube
contains about 400
pellets with both
ends plugged.
Those pellets are
fixed with springs.

BT
T

cm

J
 P—

AUranium
powder is baked
into the pellet
formina
cylindrical shape.
About five grams
of the pellet can
produce
electricity that
could support a
normal
household life for
six months.

Spacer
Grids —

Guide Tube

Drawing Not To Scale

Instrument Tube 000220C_ATP 21530-04a. »

CORE EQUIVALENT
1237 (3. 12m) REACTOR VESSEL
162°1D (4. 12m)
7
CORE SUPPORT
BARREL
138°ID (3. 51m)

A large PWR may have 150-250 fuel
assemblies with 80-100 tones of U.



/A‘(%SS%'.’A’#.‘&E‘“ A Boiling Water Reactor (BWR)

Steel
pressure —>

vessel

Fuel
elements

Control
rods




WORLD NUCLEAR

/ ASSOCIATION

Control rods
|

i

A Pressurized Water Reactor (PWR)

Pressuriser

Steam —»
generator

Steel
—

pressure
vessel

Fuel elements

Reinforced concrete
containment and shield —>




R— | ZERERRRERMRHIDREFLEE -

EE®)

1 A MAREHR 2070 &
1 #EH 580 E

(HERE : aRALF

ok ZX S é P 1 STHARKAE 01
#Z RE 5% ', B 1 2 1 AR S

s M~ o~ RARR - R RE CAEREN T A
FAREE BELEHETZERANGEES
B WRERNEER > ERiTF o E
TARAEB AR mAETEEREACO,-

World Electricity Generation O,

A typical pellet of uranium weighs
about 7 grams (0.24 ounces). It can
generate as much energy as...

Hydro
16.4% ’ . |
4"‘ o
o 3.5 barrels of oil, or... 17,000 cubic feet 1,780 pounds of coal.

Source: OECD/IEA 2006 of natural gas, or..

Other
2.3%

Source: www.cameco.com
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Facts:

n AEE HEE>85% - A% E~13%(2016) -
A AE~27%(2016)

v ¥ =Rk - 2x985MW x8760h=x85%~1471& £ &

oOHBR DR — o IMW 0 & SF4R K..20255 F 11 81E

v 2 26.31kW.. #2030 65 R A Z BE20...
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o i 1350MW, x2x85%~2295MW,,
RIBHE © 34KW_x80,000x13%~354MW,
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Source: westinghousenuclear.com
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Annual Coal Waste: Loy Yang 2.2 GW
W h a t a b O u t 577,800m?3 of fly ash

9,079 ML of wastewater
I t ? 2,070 tons of fly ash
n LIC ea r Was e u 56,428 tons of SO,
http://decarbonisesa.com/what-about-nuclear-waste/ 29,398 tons of NOx

2,577 tonsof CO

= The problem of nuclear waste has been solved! ..., .c .
At least, compared to how we manage many
other types of waste you are responsible for.

Nuclear waste! much smaller in size

2l L
ererfTTT | 1
““““““““"““"“ill'll.:,
a1 “Il‘llll -
., N

This is roughly the same process that we treat
for most hazardous solid waste.



Independent spent fuel
storage installation (ISFSI)

http://decarbonisesa.com/what-about-nuclear-waste/

Dry cask storage

When nuclear fuel is spent or no longer useful for generating electricity, it is placed in pools of water and boric acid
for at least five years until it is cool enough to be moved into long-term storage. Critics have questioned the safety
of such pools and want to see more spent fuel moved into bunkerlike dry casks, which they say are safer.

=

Fuel rod ———
(portion shown)

A column of

uranium fuel —
pellets fills a

metal rod that is

12 ft. (3.7 m) long

and about a half

an inch across

Each pellet is I l

about the size I

of a jellybean

Fuel assembly °
Fuels rods are

bundled into

square grids

of 204 rods

Source: Exelon Corp., Westinghouse Electric Co., U.S. Nuclear Regulatory Commission

Graphic: Chicago Tribune

Dry cask

The fuel assemblies
are encased in
17-t. (5.2-m) tall
concrete and metal
casks, designed to
withstand harsh
conditions, such

as tornadoes and
floods

o——OQuter shell

®--—— Sealed inner
cylinder

NOTE: lllustrations
not to scale

©2011 MCT




Risk Comparison by Energy Sources

WORLD NUCLEAR

/Assoc.mou Energy Accident Fatalities for OECD Countries

140

Fatalities per TW, year
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0
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* Gen Il PWR, Swiss
Source: Paul-Scherrer Institut. Data for nuclear accidents modified to reflect UNSCEAR findings/recommendations 2012 and
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ASSOGIATION The Impact of Fuel Costs on Electricity Generation Costs
Finland early 2000
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ASSOCIATION Lifecycle Greenhouse Gas Emissions Intensity
of Electricity Generation Methods
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Source: World Nuclear Association

ﬁ World Nuclear Report 2017

Figure 1. Nuclear electricity production
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Source: World Nuclear Association

‘L World Nuclear Report 2017

Figure 2. Nuclear generating capacity
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Figure 9. P f uni ity . P :
'gure 9. Percentage of unks by capachy factor There is no significant age-related trend in nuclear reactor performance. The
o median capacity factor for reactors over the last ten years shows no significant

W 2011-2015 W 2016 . 4.
18 age-related variation.
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Figure 8. Median capacity factor 2007-2016 by age of reactor
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Figure 5. Global average capacity factor
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Source: euronuclear.org, wikipedia.org
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= Three Mile Island accident (1979)

Deaths: 0; I-131release: 17 Ci

= Chernobyl disaster (1986)

Deaths: 56 direct, 4000 cancer; I-131 release: 7x10° Ci

= Fukushima Daiichi disaster (2011)

Deaths: 3*; I-131release: ~10% of the Chernobyl accident
\[ non-radiation causes! ]




Source: wikipedia.org
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= Aftermath of the 2011 Japan earthquake and tsunami:
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Source: wikipedia.org, news.bbc.co.uk, nasa.gov Global Land-Ocean Temperature Index
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NUCLEAR SHARE OF ELECTRICITY GENERATION
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Source: www.world-nuclear.org

(Updated October 2017)

i Nuclear Power in Japan

= Nuclear energy has been a national strategic
priority since 1973. This came under review
following the 2011 Fukushima accident but has
been confirmed.

= In June 2015 the government's Plan for
Electricity Generation to 2030 was approved:
nuclear 20-22%, renewables 22-24%, LNG
27% and coal 26%.

= Currently 42 reactors are operable and
potentially able to restart. Five reactors have
restarted to date, with the first two back online
in August and October 2015. A further 21
reactors are in the process of restart approval.
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i Pandora's Promise

= A documentary film about nuclear power debate (2013)

PR

PANDORAS PROMISE

A ROBERT STONE FILM

|S BVBW“]IHU YUU kﬂ[]w #PandorasPromise &SUNDANcEﬁ
- Aboutnucleaienergy wrong ?

WATCH PANDORA’S PROMISE ON.CNN
" NOVEMBER 7 [ 9:00 P.M. EST




