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e de discutie

Radiatiile in viata de zi cu zi: unde le intalnim, ce sunt ele, cum se
masoara. Principiile protectiei radiologice: Justlflcare optlmlzare
limitarea dozei (ALARA)

Energia nucleara: cum este produsa, ce tipuri de reactoare
nucleare exista

Deseurile nucleare: ce sunt ele, cum sunt tratate, cum sunt
depozitate

Accidente nucleare: de ce au avut loc, care au fost efectele

Impactul energiei nucleare asupra mediului in comparatie cu alte
forme de productie a energiei
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lile ionizante: ce sunt ele, de unde vin si unde se duc
(cand se duc)

ale de radiatii ionizante:
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a Isi au originea in nucleul atomic

ni (foarte rar...)

hmstrahlung (de franare) sau specifice (isi au originea in invelisul electronic al atomului)
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Img: http://study.com/academy & http://microanalyst.mikroanalytik.de/info1.phtml
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ri et al., ” Altitude Variation of cosmic-ray neutron energy spectrum and ambient dose
equivalent at Mt.Fuji in Japan”, IRPA 11
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De unde provine fondul natural de radiatii?

NATURAL SOURCES OF RADIATION

cosmic radiation

“c cosmogenic
H ; radionuclides

inhaled
radionuclides




De unde provine expunere arificiala la radiatii

ere medicala

B = TENORM Artificially Produced &

leara: ati
iy T—

energetica nucleara

deseuri X-roys

Nuclear medicine
Televisions

Nuclear power plants
Smoke detectors
Radium dials
Nuclear waste

Air travel

Jump to first page <::|[:>

A Canberra o

Packard =



este componenta care contribuie cel mai mult la
expunerea populatiei

Background Radiation Natural Background Nuclear
Radiation 55% Industry

Other sources  Nuclear power 0.05%
=0.1%

Rocks and
Soil 8%

Medical X Rays
1% Casmic ligdinfinn
Radiation Inside the Body
11%

Source: Mational Council on Radigtion Protection and Measurements, MRCP report 93,

http://www.world-nuclear.org
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Cai de expunere

27 mSviyear

in space
cosmogenic seven-hour aereplane flight == .05 mSy
[created in space] cosmic radiation exposure
radiocnuclides of domestic airline pilot == 2 rm5y/year
=» (.28 mSv/year

3
H
?Be

casmic

radiation
on Earth =% 1.0 mSv/year

Externa: cosmica si terestra, gamma
Externa, medicald (RX) F %
? ‘ﬁ’ll

chest x-ray

== (.04 mSv
Interna: inhalare & ingestie, alfa, beta &
gamma

Interna, medicala (Tc-99m, FDG) radionuclides
inside the body
== 0.25 mSv/yena

L]

inhaled
radicnuclides

== .01 mSw/year

[T) 2004, abelard.arg
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terizarea sursei: activitate
1 dezintegrare / s [= 1/(3,7 x 1019) Ci]

tia radiatiei cu substanta:
Doza absorbita D: 1 Gy = 1 joule kg™
Doza echivalenta H: 1 Sv =D x wg
Doza efectiva E: 1 Sv =H x wy

Table 1: Tissue weighting factors according to ICRP 103 (ICRP 2007)

Tissue Tissue weighting factor ZwT
wT
Bone-marrow (red), colon, lung, 0.12 0.72
stomach, breast, remaining tissues(*)
Gonads 0.08 0.08
Bladder, Oesophagus, Liver, Thyroid 0.04 0.16
Bone surface, Brain, Salivary glands, 0.01 0.04
Skin
Total 1.00

(*) Remaining tissues: Adrenals, extrathoracic region, gall bladder, heart, kidneys,
lymphatic nodes, muscle, oral mucosa, pancreas, prostate (), small intestine, spleen,
thymus, uterus/cervix (%)
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m (Imagine:

World
L yisand 53 Nomads)
eyes will you have
after glowing?

Table 28.1: Radiation weighting factors.

Radiation wR

X- and ~-rays, all energies

Electrons and muons, all energies

Neutrons < 10 keV 5
10-100 keV 10
> 100 keV to 2 MeV 20
2 20 MeV 10
> 20 MeV 5
Protons (other than recoils) > 2 MeV 5

Alphas, fission fragments, & heavy nuclei 20

CITATION: K. Hagiwara et al., Physical Review D66, 010001-1 (2002)



Care sunte efectele biologice ale radiatiilor?

RADIATION EFFECTS

Deterministice (CU prag Measurements in millisieverts (mSv). Exposure is cumulative.
unoscut — apar imediat ce “38\ Much higher risk of cancer later in lfe.

3 fost Tncasata 0 elmumlta 2\ 10,000 mSv: Fatal within days.

doza — caracteristice 2| 5,000 mSv: Would kill half of those exposed within ane month.
Jozelor mari) 2,000 mSv: Acute radiation sickness.

S i rii r

vtovhastlce (aleatorii, apa B No imenadiats symptonss. Incronsed
ara prag cunoscut de risk of serious illness later in life.
doza, la doze mici, cu 1,000 mSv: 5% higher chance of cancer.

orobabilitati ce se 400 mSv: Highest hourly radiation recorded at Fukushima.
Four hour exposure would cause radiation sickness. L

100 mSv: Level at which higher risk of cancer is first noticeable

somatice (de ex.

cancere) 20 mSv: Yearly limit for nuclear workers.

-  Genetice 10 mSv: Average dose from a full body CT scan
fectele stohastice se &/ 9mSv: Yearly dose for airline crews.
alculeaza per populatie, [ £5/ 3mSv:Singlemammogram
u per individ B/ 2mSv: Average yearly background radiation dose in UK

V 0.1 mSv:Single chest x-ray
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B No symptoms. No detectable increased risk of cancer.

- EYES High doses can

trigger cataracts months later.

b THYROID Hormone glands vulnerable

to cancer. Radioactive iodine builds up in
thyroid. Children most at risk.

** LUNGS vulnerable to DNA damage

when radioactive material is breathed in.

- STOMACH vulnerable if radioactive

material is swallowed.

-~ REPRODUCTIVE ORGANS

High doses can cause sterility.

-+ SKIN High doses cause

redness and burning.

** BONE MARROW Produces red

and white blood cells. Radiation can
lead to leukaemia and other immune
system diseases.




Iveluri de expunere obisnuite si exceptionale

Radiation exposure How does it compare?

Exposure measured in mSv

10,000

Fatal withir

Radiation exposure: a quick guide to what each level means |
World news | thequardian.com

o ey fvevess | Fondul natural datorat iradierii externe: 100 nSv/h (~1
Dose in full-body CT scan mSv/an)
100 nSv = 0.1 uSv = 0.0001 mSv

Airline crew NYC -Tokyo polar route, annual

Natural radiation we're all exposed to, per year

1.02
Radiation per hour detected Fukushimia site, 12 March

0.4
Mammogram breast x-ray

0.1
Chest x-ray

0.01

Dental x-ray
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Energetica nucleara: fisiunea nucleaoré

tural: U-238 (99.3%) + U-235 (0.7%)
trebuie incetiniti (moderati) pentru a
nta reactiei
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racire

tuburile) de presiune
| de vapori
reactorului
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ele unui reactor nuclear:

Reactorii nucleari de fisiune

Tipuri de reactori:
- reactori cu apa sub presiune (PWR)

- LWR: cu apa usoara si uraniu slab
imbogatit

- PHWR: cu apa grea si uraniu natural —
CANDU
- reactori cu apa in fierbere (BWR)
- reactori raciti cu gaz (AGR — advanced gas-
cooled reactors)
- LWGR: reactori cu moderator grafit, raciti cu
apa (ex. RBMK)
- reactori cu neutroni rapizi (raciti cu Pb — ex.
ALFRED - sau sare lichida)
- SMR - reactori modulari mici



Tipuri de reactori nucleari de fisiune

WR - LWR PHWR

Pressuriser

Steam

Steam —»
generator

Calandria

v,

Steel
pressure
vessel

-

Fuel elements

Fuel elements

Reinforced concrete Pressure tubes

containment and shield ——»
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BWR

Steam

b [
”””ll Fuel
I elements
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Water

Tipuri de reactori nucleari de fisiune

AGR

€— Control rods

=N il

Steam
/... generata

Carbon
dioxide

Fuel
element:

K
35

38

Graphite moderator




ule de combustibil

Calandria (miezul reactorului)
e control

ator de presiune

ator de abur

a de apa usoara

a de apa grea

mentul de realimentare cu

presiune

are merge spre turbina

ce care revince de la turbina
pa reactorului
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Reactorii CANDU




Deseurile nucleare

nucleare” — combustibilul ) I\

unor reglementari extrem

xtrem de mic: 90000 de
UA (intregul volum generat
pana acum)

tibilul ars nu este un deseu
e pot alimenta 70 mil. de
entru inca 160 de ani)
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a)

Accidente nucleare

Doua accidente merita atentia publicului:
1. Cernobil:

Cauzat de o suita de actiuni care vin in
flagranta contracdictie cu cultura de
securitate nucleara

b) Singurul accident cu impact global, cu
victime (est.: 4000 de victime)

c) Urmare a accidentului, reactoarele RBMK
au fost scoase din fabricatie si oprite

2. Fukushima:

a) Cauzat de un dezastru natural a carui
amploare a fost subestimata la proiectare

B) Nu a produs victime datorate radiatiilor

c) Nu a a vut un impact semnificativ la nivel
global (decat in presa)

d) Impactul deversarilor de apa asupra
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mediului este nul (concentratia de tritiu in
apa deversata este de 10 ori mai mica
decat concentratia admisa pentru apa de
baut)

Accident with local consequences

Serious Incident

Accident




pactul accidentelor de la Cernobil si Fukushima
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Energia nucleara si mediul

g

gCo, equivalent per kWh
w
8

antitatea medie de emisii de CO2 pe intregul ciclu de viata al diverselor
ri de surse de energie (https://world-nuclear.org/nuclear-essentials/how-
can-nuclear-combat-climate-change.aspx , sursa : IPCC
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Victime: energia nucleara vs. clima

din 2021 din EU: 242 victime + 10

be. Distributia victimelor: 196 DE, 42
IT, 1 AU

torate energiei nucleare in tarile de mai

ole, it can be assumed that outside the
et Union there has been no statistically
increase in cancer incidence compared
er of spontaneously occurring cancer
s://www.bfs.de/EN/topics/ion/accident-
t/emergency/chernobyl/health-effects-

1)
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nucleara si mediul: ce tari europene polueaza mai
mult

isiilor de CO2 datorate I

e energie electrica
ctricitymaps.com/map).

Carbon intensity (gco:eq/kwh)
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Concluzii

a este o solutie obligatorie daca ne dorim sa reducem generarea de gaze cu efect de sera. -
este una dintre cele mai sigure si mai curate surse de energie.
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Multumesc!

ntru atentie...

intrebari?
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