


How to Recognize When

Someone Is Talking Rot

~ President Drew Faust
- . welcomes the Class of
"% 7. ™ 2021 to Harvard College:

" | e The most important goal
= of higher education is to
ensure that graduates
can recognize when
“someone is talking rot.”
A (Jeremy Knowles)
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Norway 0.63 (10.5)
]

USA 0.40(0.
Deumark 033 (049 cying 0,54 (30) o

Germany 0.48(3.8) [
i Indin 0.48 (9.6) -

I
"""“"-—-— Yangjiang (China)

LR LN [l

Japnn 0.43 {1.26)
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1
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) maximum value

' sa | 2] mean rrEsimurm
- +l; ?7'\ { 7{; (A P e ';J‘\‘ ;gb g‘ ek (mGy/vear) | (mGy/vear
i& E/T rg T}%: 23 /{, ’ :"E"’ i SE SE i;é}@ Ramsar, Iran @ 102 (2e0)
/é’: A:E"KQ ]E‘(i& E'T A ﬁ 20 mSV/Y) ° Cuarapari, Brazil @5_5 (350
Kerala, India 98 (390
‘fangjiang, China 3.591 (5.4
Hong Kong, China DE7 01.000
Morweay &S 1053
France Qa0 (2200
China 054 (3.0
[taly Qa0 (4383
World average 0.50
[ndiz 048 (9.6
Germany 045 (3.8)
Japan .43 1.063
LS4 040 (08383
Austria 037 (1,343
[reland 036 (1.983
Source: UNSCEAR & Health Research Foundation, Kyoto, Japan
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I Amsterdam
60.74 ~ 93.40

Solar max ~ Solar min (Dose in puSv)

Frankfurt Hong Kong i
44.48 ~ 65.83 109 1.23 I
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/&23%;'.’3%’.&5‘“‘ Sources of Radiation

Buildings/Soill
Cosmic
Food/Drinking Water

Natural Radiation
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Radiation is everywhere

osmic

Inhaled Radon

Radioactive Elements

We live in a sea of radiation...

Rocks
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% » | £ (Effective Dose)

~
~
~

DT'R:iE: HT:;DT,RXWR HE:ZH X W.
Drr = absorbed dose of radiation of type R absorbed by the tissue of type T
Wg = radiation weighting factor for the type of radiation
H; = equivalent dose on a specific type of tissue (or part of the body) T
W = tissue weighting factor for the type of tissue or body part T
He = effective dose for the determination of the whole-body biological damage

due to various forms of radiation exposure in different parts of the body



Models for the Health Risks from Exposure
to Low Levels of lonizing Radiation
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~ = # 100 mSv
N - Dose (above background)
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LNT

e wmmm s Threshold
——————— Hormesis
@ Epidemiological data

Deterministic effects (hair loss, cataract, etc.)

o Threshold dose
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0 &——No effect——: (Dose)
Stochastic effects (leukemia, etc.)
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With Distance
Traveled in the
Matesial Amount of

Material Transmitted
{ X-ray
;a;tor_s Phaton | Photons
ecting g Thickness
Amount of oy Density
Transmission Atomic Number (Z)

D ——- :
™ Half-Value Layer (HVL) for y-ray:

1
Intensity = d_z

3d

g——.fi‘;§ > 9 cm of soil

- .. ¢ » 6.cm of concrete

_ . ¢ » lcmof lead

: pm— . ¢ > 0.2 cm of depleted uranium
" > 150 m of air

1234567

Half-Value Layers


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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Ionizing Radiation

Whole bedy, acute: G-I destruction: (:ancer Radiﬁthe[‘a

lung damage; cogmtive dysfunction

py:

Whele body. acute:

(death certain m 5 to 12 days)* total dose to tumor ]
0 S e a nge S ¥ __ cerebral/ vascular
EmEEEEEE beﬂde“."ﬂ

FEEEEEEgEEEEEEE (deathm]-i da:fs:]*

0 90 100 sv

Whole body. acute: marked G-I
and bone marrow damage
(death probable in 1-2 weeks)*

( Sievert ) 0/ 10 20 30 40 S0 60 70 8
L Total‘Bu_{l)' Whole body. acute: circulating blood
Life Span Study Irradiation cell death: moderate G-I damage
(A-bon],b survivors) (TBI) Therapy (death probable in 2-3 weeks)*
& M il aTiai T Tt Ll bbbl
Ty -D----ln--- \ | | CI

E *Note: Whole body acute :
10 Sv : prognoses assime no }

- 0 1 2 3 4 5 6 7 8 9 H 105¢ ; i
Estimated dO_S&_fOF Human LDy, range. acute exposure  Human LD, range. acute exposure { medical intervention) !
B-Yr Mars m|SS|0n “_-irh no l‘ﬂedical ﬂlteﬂ-elltil}n “__irh lnfdicﬂ]. inter'\.'ention AN NN NN NN I SN AN A
3 Df’ 1 - J ® . . .
= i ' vidence for small increases in
- Ofce of (50% death in 3-6 weeks) Evid f I
.g/,._:‘-l Science PO Cancer Ep|dem|ology ey N1UMan cancer above 0.1 Sv acute
W2 BEPARTINT OF SNERTY exposures, 0.2 Sv chronic exposure
Typical mission doses on 0.2 0.4 0.6 0.8 1 Sv . . .
Int. Space Station (ISS) NRC guideline for Medical Diagnostics, mSv
“Radiological messng.- 026 Sv A- Chest x-ray (1 film) 0.1
Emercene” quddnes o e B Dewalorslesam 16
: B W —
= | ) -
“Full-body CT screening™ h— C- Mammagram =
(one scan) 0 10 20N, 30 40 50", 60 70 80 90 100 mSv D- Lumbosacral spine 3.2
_ DOE administrative control NRC Dose Limit for Workers E PET 37
Typical *mm.lall d.mift"" = =20 mSvlyr =2 rem/yr = 50 mSv/yr = 5 rem/yr - S
comimercial amwime
flight crews C D Medical Diagnostics (A-J) ¥~ Bane (Tc-99m) 44
- G G- Cardiac (Tc-99m) 7.5
- H- Cranial CT (MSAD) 50
Cl e fﬂ_ 6 L 8 10 mSy (multiple scan average dose)
-leanup criteria Jar - natyral background, Temporary “Special Case” annual (=1 rem) .
Sllflt" [lEfUInllll?Slﬂl{lﬂg-' average = 3 mSvivr Public Limit (NRC, DOE) I- Barium contrast G-I~ 85
icense termination . = 3 . s . ;. 4 fluorescopy (2 min scan)
B (includes radon) p . . (~ four orders of I\
0.25 mSviyr o Regulations & Guidelines 2 o<t J- Spiral CT 30100
Round-trip __| =gt | ™7
NY to London . ' LD,, = Lethal Dose to 50%
0 0.1 0.2 \0.3 04 05 06 07 08 09 1 mSy (the acute whole body dose that results in
NCRP Typical maximum ANSI standard N43.17 NRC Dose Limit for Public lethality to 50% of the exposed individuals)
“Negligihle  doses from DOE Personnel scanner, =1 mSvlyr = 100 mrem/yr Absorbed dose: 1 Gray = 100 rad

Daose” facility releases

max = 0.25 mSv/yr (DOE, ICRP, NCRP)

Dose equivalent: 1 Sievert =100 rem
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m § FEri A o 5N =mc?2
s - BRS¢ #%200 MeVeaa £ 0 i
# 4O BE i ke o
SRR EIRL IR ARk AL S E
FALT R R R R e
Splitting Atoms Makes Heat, Heat Transfered to Produce Steam,
Releases Neutrons Steam to Generate Electricity
- Heat Steam
U-235

b- \aNeutrons
\.i ?
o Two or more fission products

Steam 3 _ 4 | Generator
produced ° Turbine ”.l . ﬁ
A 4
| Electricity
Heat z 2

Source: www.pilgrimpower.com
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World Electricity Generation

Source: OECD/IEA 2006

Other

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

3.5 barrels of oil, or... 17,000 cubic feet 1,780 pounds of coal.
of natural gas, or...

Source: www.cameco.com
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Facts:
% B Ffic: i >85% ~ & 1 % § ~13%(2016) -
)}L > ~27°/o(2016)

% = Rt 2x985MW _x8760hx85%~147 % & =
D % - v IMW o 2 # P~ ...2025F & B£8R
ToARE - PSR

e 1 26.31KW... #2030 & & A L glaz B 205 ..
B ?ﬂ,#’t' B

AN

11\ Bl m‘? -5

v

v e Bt 1350MW x2x85%~2295MW,
v = FE s ¢ 34kW_x80,000x13%~354MW,,



Source: westinghousenuclear.com

1

o Bl el A s
sbk 1ty A
2k | wy &
AT R e e
< < HE ed A
W 8 w2 b
S mi sy s
o 22
A AN BT AT

/

5=

REACTOR DECAY HEAT GENERATION

/

B

M~ O un s 9 N — O
(H3M0d 1IN 40%) L¥3IH AY330

QOek0e

005195

aoFa LS

Q0TSLv

Qo0ZEy

QOEEEE

0055+

Q0wZoe

00T65E

Q0091

QOBZLL

009621

aowree

Q0ZEY

a0ezL

Qoe

oe

TIME AFTER TRIP (SECONDS)



v

y— Y K= D
m [ j‘%ﬁ% 1% A X
P ELLERP AR DTN LG g
= JEAR & 55k ;E RIS A SRR S o
> TR ELE ;P,,v ,ﬂﬁf/‘i@\—’:ﬁjﬁ;;‘%

OEREEBBREATEE—RRE BE'J§51E5ﬁ 192 S 5
3.7~10.7EME KM
LT A —

ol
fi
a0
Hid
w
l
(@)}
Al

REBKRBEEVRSE
RBBKRE

ARILRFHSBRIEHREER

- B FREEReRURTasE

PoEE3

B— - Z—WEEM8F8105002REE
B=RE#250AR E




PR A R JE S ?

. Yes We Can| ( 2 Zfif.f R *L)

'Eﬁf'ﬁtﬁ 2 4' l—’ﬂlﬁ}‘l%\ ’
o PG T SEES R PR o

£ EFEZ B RIES 2 FrR#R] E 54~ 72(E A

(1) BErEEEe (2) 2P BEF
WERN - SRR REAEREESE

ALK R FE -IRK

BRI EF xRS -
= Y

It




Q3 % 117 TR ) F TR
|

FeH i PR |
A AW

k4
HEEE.




rg 7

oAl

e
Rt

n'
»
N—T

%}

AR
W -
) TN 5

r < ¢
T EEE .



O /713%] B ’Fr%ﬁ 2
n BK Rl Az |
= VLG R FRERD AL b g JTehig B 0 1956# £ B R
FFE T EE 2o
= 1999& % WA 4 Bt 3+ 5 ¥ Rk H-WIPP:E 8 -
o 2@9%2& SRR A B B M el H o 75312023
k8] o . e s .

A
=i

wi

Waste lselznen
Filew Flant
(WLEEE!

N i - Sy 400-700
B 4 A




Transmutatlon of
nuuear was u-.:

ppppppp ‘ .
3 with a subcritical
»
— B S Jos : ADS reactor
2 L2 < >
V4 \) H

E‘ \) / [ R———
o . protons.
nuclet e

FAN Sp
A ? neutro FiH ek - :

BB EREG T
s TE AR R
T EPRRET CLEE S e S pE B
%ﬁWJM“%%mF@@?W
Aok B qe itk SL(ADS)

-ﬂ?ﬁﬁ%%ﬁ?+a§ﬁ e I
#4480 i itk g (Transmutation) ™ + g > £

’(

_ R S Bl R B 2P 0 v AL
FA-sRFRE ~ e A K< PP anfi 4t |



<\
‘AT

/f(l

N >d:- =N \'\'_ —\ )
N < 7 4’\1« . /H :_\\ \@\_ﬂﬁt
<\

http://old.boinc. ok == 3

Rk it iu_(klo Gabon)
,J. 2§~ %@_ﬁﬁ_#ﬁl&’% l,-17',&‘& T % me;? ol ,];1— S 7J K }’{&
ST %‘sﬁ@;%" ﬁ’iiw% K 100kW

J‘\
—_—
>~

? No! 7 f§ ¥ ecrir 3@ ﬂﬁ?

ET‘JH?F aJ—.'q'T J\/”1 ?J;‘l;fé
o eng # K ;;;t@
£
T

W\«
M-

—
‘
>
M
i N

- FipE = dg
W @ﬂaﬂ
EE D

=

N
\ﬁ\-'

. —

Tk w i E B
_i_ﬂW*Iﬁﬁﬁ4gﬁa?ﬁjﬁ
]jg]o

T~~~

\-ivx

3R T A \»>m
fm
=

MR

=

- ém\s,a-@ S
K 3‘§;tL§g§;

ﬁnfm\
3 .
/3“\

—\
“°

o gv“
A

‘J&\::__.
W

<o 3
£
s-'\\
= B
“b N
R [

i
\;ﬂ:\, 5/4
UO J‘\ i \m \F (\ﬁﬂ'

A3 i A
‘”w* = R

el B e

$

<l

N>
— weEF

, &

%)% "o
A )
e
\'\)

v M

Ty ¥ ﬁﬂvﬂ%mﬁw -235;E % i
00/07'44 %E:g’; d —)”\1}1— ’E TL_FJ

RAPRNTY

v.
c
i 2

4%
S8k
\I\-‘-\

—

2% O = |
oo

R

o

ot

=
l: \

g\

2
7—‘-
J
4=
i
|3\
[
e
o
o~
&
=
&
E:
r]
-l
q_



e

Wi
i T

]
2

* P AREATE > £ D

/
cpr4i 7 2250-80 4 - 4
~ 3

) -

ESC S e
O/ §5 BF 3% % (23 B B 70




Annual Coal Waste: Loy Yang 2.2 GW ‘
W h at a bo u t 577,800m?3 of fly ash

9,079 ML of wastewater
nUC|ea r Wa Ste? 2,070tons of fly ash
u 56,428 tons of 50,
http://decarbonisesa.com/what-about-nuclear-waste/ 29,398 tons of NOx
2,577 tonsof CO
= The problem of nuclear waste has been solved! 18,232,826 tC0s

At IeaSt, Compared tO hOW We manage many Source:LYP 2009 Annual Report

other types of waste you are responsible for. Nuclear waste! much smaller in size
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This is roughly the same process that we treat
for most hazardous solid waste.
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DEATHS PERTWh OF POWER PRODUCED

BIOFUEL - 12
CGAS . &
HYDRO I 14
SOLAR | 0.4
WIND 0.15
NUCLEAR 0.04
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Generation I

Early Prototype
Reactors

- Shippingport
- Dresden, Fermi |
- Magnox

Generation IT
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Commercial Power
Reactors
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- LWR-PWR, BWR
- CANDU
- VVER/RBMK
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Generation I1
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Advanced
LWRs

- ABWR

- System 80+
- APB00

- EPR
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Economics

Generation IV
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Source: www.gen-4.0rg



Source: wikipedia.org, nasa.gov
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WST OPINION
Taiwan Chooses Vulnerability

Going nonnuclear would make the island more susceptible to Chinese bullying.




