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Environmental aspects assessment

— Over the next five minutes each of you write pros and cons of

nuclear energy in terms of national energy security.
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Environmental aspects assessment
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Environmental aspects assessment

— Over the next five minutes each of you write pros and cons of
nuclear energy in terms of purely subjective, personnal point of

View.
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Environmental aspects assessment
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Environmental aspects assessment
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Environmental aspects assessment

What is an environmental aspect ?
According to CSN EN ISO 14001 definition:

,The environmental aspect is an element of the activities, products

or services that can interact with the environment.”
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Environmental aspects assessment

ISO 14001 (voluntary norm of the International Organization for Standardization on
environmental management, prestige of the company, the norm requires to have an

environmental policy and environmental risk assessment)

EMAS (Environmental management and audit system developed by EC in 1993, it requires
ISO 14001 and other requirements such as the involvement of employees, etc., EMAS is thus
perceived as a premium tool for environmental management. As part of this process so
called Environmental review takes place - own risk identification, preparation of

environmental policy, determining environmental aspects, objectives, programs)

Department of International Relations and European Studies
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Environmental aspects register

Key Elements 2 — Planning

Environmental Aspects & Impacts — Example Flowchart:

INPUTS (UTILITIES)
INPUTS (RAW water
MATERIALS) electricity OUTPUTS - SOLID WASTE
1. plastic feedstock 1. Plastic components
2. paper & paper {} 2. Scrap metal — brass & steel
products 4. Oily rags / pads
3. paints & vamishes 5. Card, paper
4 fleaning Siateciate PROCESSES E> 6. Hazardous wastes —
fluorescent tubes
1.Manufacture of plastic
INPUTS (LIQUIDS / components
SOLVENTS)

: 2. Contracted out
1. Paints, glue,

thinners, other operations - coating

g T OUTPUTS - LIQUID WASTE
solvents 3. Office & support activities Q

1. Waste water
4. Servicing of plant / 2. Waste oil
INPUTS (FUELS / machinery 3. Discarded paints & other
GASES) 4> solvents
1. Diesel fuel 5. groundwater discharge
2. LPG

! I 7. sewerage effluent

OUTPUTS - EMISSIONS TO AIR
1. Boiler Fuel combustion — NOx, CO, CO2,

g Particulate
_ ) ) frii \,. o 2.VOC emissions — solvent & paint use
10 Department of International Relations and European Studies | "a{#‘ COS 3. Steam from plant & equipment
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Environmental aspects register

RISK REGISTER

Ref. # Process Risk Rating Mitigation Contigency
Pro. Sev. Sig.
=3
/ / / I
|
|
|
n Res. Risk Rating Responsibility
organlzatlon Pro. Sev. Sig.

adapt the

a. Avoiding risk This will be the risk
b. Taking risk in order to pursue an rating after the

or 5X5 matrix or any opportunity implementation of

sujtable methods c. Eliminating the risk source mitigation &
d. Changing the likelihood or consequences contingency plan
e. Sharing the risk

Product related f. Retaining risk by informed decision
1" TUV ME | 150 S001:2015 & Risk Management TUV NORD GROUp
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o) D)

Medium

A RISK RATINGS MATRIX

Not currently controlled.

In breach of legislation or policy.

Sensitive environment (groundwater proximity,
conservation area, residential area).

Repeated complaints.

Not fully controlled under normal or abnormal
conditions.

Above-average probability of occurrence and/or low
probability of detection,

Financial threat.

Rising concern of shareholders.

Complaint received.

Controlled under normal and abnormal conditions.

Low probability of occurrence and/or high probability
of detection.

Minimal impact.
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Environmental aspects assessment

Methodology for assessing the environmental aspects
Assessment of the EA is performed using following 4 criteria.

Criteria:

-compliance with the limits and mandatory requirements

-frequency impact

-impact associated with the effects on the environment (size, persistence, scale)

-impact on society (its economy and image)

12 Department of International Relations and European Studies
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Environmental aspects register

Risk Assessment & Management cont,

ISO 14001:2015 - OBJECTIVES EXAMPLE Section of Appendix 04 — Aspects, impacts, objectives, risk register
s Midfield Meat International Pty Ltd
Activity m Impact Interested Risk/ opp - Control Objective Appendix 04 - Aspects, impacts, objectives,
partles ortunity risk register
Production Use of Global Energy heavy 5% carbon
of the final energy warming Sharoholdors Use of renewables. eﬂldom:/ reduction per " O , G e
Likelihoo|Significa ssues thatn to be oles
"Mw Customers Tﬂvﬁ.f;'y'n green measures year Activity Aspect Impact ence d gn:e Objective / remedial action addresses /Authority
Sourcing Consumpti Resource Customers Modify design to Design 50% Increase 7
of raw on of depletion/ Pressure groups use recycled control and in recycled Btock and yalrd Water [Overuse of potable Reduce water use/use grey
materials materials ground materials verification content in3 \ashing onsumption  jwater 2 5 10 |water WWater Balance
pollutlon Demonstrate CSR measures. years Wastewater Increasing waste Pre-treat drainage Stock yard
Increase sales Monitor 10% growth in lgeneration oads 2 3 6  |water/create on-site ponds manager
1 | 9:’ 3
suppliers sales in
years
Use ofthe  Disposal of Groundand Employees Take back for re- Programme Increase sales 2:,3.'::;1?“ cwoantsel:mption ix:xees:s S 2 2 4 L’Jéi‘S%?Ziﬁ“"""g oo
pr oduct pmuct water Shareholders use/re-w orldn'g. to offer take and take back Wastewater ncreased waste Look for possible water saving
pollution Customers Sales promotion back of by 10% per neration hvater volume 2 6 12 pechnig
Pressure groups product to re- year Fe
use materials
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Environmental aspects register

Appendix 2: General Environmental Aspects / Impacts Assessment Sheet No: 2
Site Head office and site activities Date September 2015
CONDITION CONTAOL | SIGNIFICANCE
" ENVIROMMENTAL | ENVIRONMENTAL LEGAL RISK
Location | Ref. | ACTIMITY ASPECT IMPACT pecuiRements | o SR RATING CURRENT CONTROLS
Abngemal | Emargency Policy | Lagal | Ower
E'l:‘nfs & Brith WF‘W
ronmantal Policy / tan
P’p“m'“‘q,ﬂm“ L EPA 1990 .
o g Paper Waste RD{+vel; CW {Part Il o v v / - Awareness Training
Managemen Small amount 1a -
Lancfill Recycle paper
Monitering reconds
Cllent's & Brith Services Limited
Emvironmental Policy / Site Plan
Glass, Plastc EPA 19890
Office Waste Compasting i {Part Il) v v v Awaranass Training
Office I Lees RD(+va); CW c "
Cardboard Segregate separate waste for
recyciing
Monitoring recards
Client's & Brith Sarvices Limited
Emvironmantal Policy / Site Plan
Awareness Training
Turn off electrical equipmeant when
Resource Use not in use
Material Use . )
EPA 1980 Uise of energy saving electrical
Usaofolocoicel| - _ Elaciricity {Part Il equpment
Oifice 8 and elacironic Congumption HD; 5M (v v v 7 c - .
equipment | Compubers, Display Minimise the use of slectrical
Screens, Printevs, equipment and its consumables
Heaters, Faxes, . . PAT
Kitchen Appliancas Hilﬂtﬂimﬁ:ﬁm and PA
Monitering records
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Environmental aspects register

Tabulka registru aspekid a dopadi - ¢ast A - piimé

r

WEA — vyznamny environmentalni aspekt,NEA — nevyznamny environmentalini aspekt, H- stav havarni, 8 -b&iny provoz, M — mimofadny stay 3 - soudet

Misto vzniku

Por. . - . fen, &
- (pracoviste, Cinnost Aspekt Dopad Provoz Vyznamnost Opmreﬂ"o,(:lpove"dno“
Cislo proces) B/M/H D (méfeni, cil atd.)
vznik Cerpéni optimalizace spotfeby papiru
shé&rového pfrodnich B NEA : P q .F.:'Jr H Y Pap
oapiu zdrojl v administrativé
spoffeba el. %’igr?;:lh B NEA nesvitit zbyteéné, el. energii odebirat
energie i Zdrojd) ] CcO nejrovnomeérnméji
spoffeba cerpan kontrolovat vypnutl kohoutkd,
N pfiradnich B NEA . .
pitné vody zdroj) T neplytvat pitnou vodou
= vznik z&téEF prirody ey
1 | Reditelstvi | caminisirativa U?Fiid”'f?:‘j v podobd 8 NEA 2 neznec'm’rogut spl|qilliove~_ vody
778 OK 5p Giooc‘;f‘}fc odpadnich vod zavadnymi [atkami
. vzhik, _ v w _ewm -
spotfeba . nesvitit zbyte&né&, zarnvky opakované
o o] h , ,
rdfivek ne :égzzze © B VEA 2 nezapinat a nevypinat EMS 1/2013
spoffeba nebe;zgléného B VEA 5 maximdlni Setreni ph tisku dokumentd,
toner( odgc:du zpetny odbér zgjistén smluvne
komﬁgl‘;ﬂm i Zirziggrggy maximdlni mnozstvi obald vracet
ostatniho UKIGAENT B NEA ] k recyklaci, tridit odpady
odpadu odpadu
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Environmental Impact Assessment

Directive 2011/92/EU on the assessment of the effects of certain public and private projects on the environment
The EIA Directive of 1985 has been amended three times, in 1997, in 2003 and in 2009

Mandatory EIA: all projects listed in Annex | are considered as having significant effects on the environment and

require an EIA

Discretion of Member States (screening): for projects listed in Annex Il, the national authorities have to decide
whether an EIA is needed. This is done by the "screening procedure"”, which determines the effects of projects on
the basis of thresholds/criteria or a case by case examination. However, the national authorities must take into

account the criteria laid down in Annex IlI.

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014L0052

16 Department of International Relations and European Studies
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Environmental Impact Assessment

Crude-oil refineries, gasification and liquefaction of 500 tonnes or more of coal or bituminous shale per day, Thermal power
stations, Nuclear power stations, Installations for the reprocessing of irradiated nuclear fuel, fuel enrichment, processing,
waste disposal, smelting of cast iron and steel, production of non-ferrous crude metals from ore, Installations for the
extraction of asbestos and for the processing and transformation of asbestos and products containing asbestos, installations
for the manufacture on an industrial scale of substances using chemical conversion processes, Construction of lines for
long-distance railway traffic and of airports, motorways and express roads, new road of four or more lanes, or realignment
and/or widening of an existing road of two lanes or less so as to provide four or more lanes, Inland waterways and ports for
inland-waterway traffic, Waste disposal installations, Groundwater abstraction, Waste water treatment plants, Extraction of
petroleum and natural gas, Dams and other installations designed for the holding back or permanent storage of water,
Pipelines with a diameter of more than 800 mm and a length of more than 40 km, Installations for the intensive rearing of
poultry or pigs with more than, Industrial plants for the production of pulp and paper, Quarries and open-cast mining,
Construction of overhead electrical power lines with a voltage of 220 kV or more and a length of more than 15 km,

Installations for storage of petroleum, petrochemical, or chemical products, Storage sites of carbon dioxide, Installations for

the capture of CO2
P | MunI
17 Department of International Relations and European Studies F S S



Environmental Impact Assessment

The process is:

- announcement to the authorities (Region, ME)

- official publication/announcement by the competent authorities

- 20-day deadline for comments

- screening procedure

- documentation

- preparing the report (90 days)

- Comments (30 days)

- the final opinion as a professional basis for related procedures (eg. land, construction) valid

for 5 years and with the possibility of extension

MUNI
FSS
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Nuclear energy in general

- production of fissile materials (conventional mining, chemical treatment, in-situ

eaching) Energy Equivalents
- production of electricity in nuclear power plants -

1 Uranium Fuel Pellet has much energy available as...

- release of nuclear energy from the atomic nucleus

- chain fission in nuclear fuel

120 gallons of oit 1 ton of coal 17,000 cubic feet

- accompanying phenomenon - ionizing radiation of naturat gas

1,000 megawatts of electricity uses...

150 tons of uranium

Department of International Relations and European Studies
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Production of fissile materials
Mining in the open pit mines:

— extraction in open pit mines very similar to coal production

— generally the least impact on the environment with respect to other methods of
mining

— extraction of nuclear fuel is just as harmful as other methods of mining

— Intervention in the landscape depends on the amount of ore and yield (percentage

of) nuclear fuel

21 Department of International Relations and European Studies
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Production of fissile materials

Chemical processing of mined ore

— Czech example: Mydlovary MAPE, 20 km from Temelin NPP

— leaching with sodium bicarbonate (higher content of carbonates) or sulfuric acid (reduced
content of carbonates)

— ratio of sulfuric acid up to 560 g of 94% acid per one liter of the leached material

— processed 16.7 mil. tonnes of ore, formation of tailing ponds with a total area of 300 ha - 36
mil. tonnes of sludge

— heavy metals and radioactive substances

23 Department of International Relations and European Studies
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Production of fissile materials
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Letecké smimkovani z roku 1996
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Radiokontaminace pud a sedimentu:




Production of fissile materials










Production of fissile materials - ISL

In situ leaching (ISL), also known as solution mining, or in situ recovery (ISR) in North America, involves
leaving the ore where it is in the ground, and recovering the minerals from it by dissolving them and
pumping the pregnant solution to the surface where the minerals can be recovered.

Consequently there is little surface disturbance and no tailings or waste rock generated.

However, the orebody needs to be permeable to the liquids used, and located so that they do not
contaminate groundwater away from the orebody.

In the last five years, 48-51% of world uranium mined was from ISL operations. Most uranium mining in
the USA, Kazakhstan and Uzbekistan is now by in situ leach methods, also known as in situ recovery
(ISR).

ISL mining of uranium is undertaken in Australia, China, and Russia as well.

In USA ISL is seen as the most cost effective and environmentally acceptable method of mining, and

other experience supports this. M
29 Department of International Relations and European Studies
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Production of fissile materials - ISL

potable water

well radon

evaporation
pond

leaching
solution

confined deep aquifer
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Production of fissile materials - ISL

The advantages of this technology are:

- the reduced hazards for the employees from accidents, dust, and radiation,
Spill after pipe failure
- the low cost;

- no need for large uranium mill tailings deposits.

The disadvantages of the in-situ leaching technology are:

- the risk of spreading of leaching liquid outside of the uranium deposit, involving subsequent groundwater
contamination,

- the unpredictable impact of the leaching liquid on the rock of the deposit,

- the impossibility of restoring natural groundwater conditions after completion of the leaching operations.

- Moreover, in-situ leaching releases considerable amounts of radon, and produces certain amounts of waste slurries

and waste water during recovery of the uranium from the liquid.

MUNI
FSS
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Production of fissile materials - ISL

— Inthe case of Konigstein (Germany), a total of 100,000 tonnes of sulfuric acid was injected with the leaching liquid into the ore
deposit. At present, 1.9 million m3 of leaching liquid are still locked in the pores of the rock leached so far.

— Groundwater impact is much larger at the Czech Republic‘s in-situ leaching site of Straz pod Ralskem: 28.7 million m3 of
contaminated liquid is contained in the leaching zone, covering an area of 5.74 km2. This zone contains a total of 1.5 million tonnes of
sulphate, 37,500 tonnes of ammonium, and others. In addition to the chemicals needed for the leaching operation (including 3.7
million tonnes of sulfuric acid, among others), 100,000 tonnes of ammonium were injected; they were a waste product resulting from
the recovery of uranium from the leaching liquid.

Moreover, the contaminated liquid has spread out beyond the leaching zone horizontally and vertically, thus contaminating another
area of 28 km2 and a further 235 million m3 of groundwater.

— In Bulgaria, a total of 2.5 million tonnes of sulfuric acid was injected into the ore deposits exploited by in-situ leaching. It is estimated
that about 10% of the surface area used for ISL could be contaminated from solution spills.

— The Devladovo site in Ukraine was leached with sulfuric and nitric acid. The surface of the site was heavily contaminated from spills

of leaching solutions. Groundwater contamination is spreading downstream from the site at a speed of 53 m/year. It has traveled a

MU
S
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distance of 1.7 km already and will reach the village of Devladovo after 24.5 years.
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Radioactive decay

— radioactivity (or radioactive decay) is a spontaneous
transformation of unstable nuclides or process by which an
unstable atomic nucleus loses energy by emitting radiation

— new lighter elements emerge from the decay along with
lonizing radiation

— natural radioactivity: natural transmutations, decay of nuclei
by decay series and established principles

— artificial radioactivity: transmutation, chain reaction, particle

acceleration (artificial radioactivity is induced by external force)

Department of International Relations and European Studies

Natural Decaz series for Uranium 235

235U® 231 Th

/

231Pa = 237Ac == 223Fr - 219At 5 215Bi

/) /S /S /S

227 2

227Th ssmge- 223R 2 semge-21°R 2 s 215P0 s 211Pb

/S S

ZlfAt lelBi 207 Tl

== =~ decay / /

ZIIPO = o 207Pb

==p= = decay

235U -- 8 o decays and 4 B~ decays leaves you with --2°7Pb
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Radioactive decay

PREMENA ALFA
2¥U — 2%Th +3He

241 237 4
osAm =“5;Np +; He

PREMENA BETA
BiCs—~"}{Ba+e+V

N-p+e+V
p+——n+e*+i?

PREMENA GAMA

K
6 ’ 8

1. MATERSKE JADRO 4. ELEKTRON (f5) 7. ' ZARENI (fotony)
2. DCERINE JADRO 5. ANTINEUTRINO (V) 8. STABILIZOVANE
3. a CASTICE 6. EXCITOVANE JADRO JADRO

- types

Two Protons and
Two Neutrons

l Alpha
Radiation

on—

The are Three Types
of Radioactive Decay

Nucleus of High Energy
an Atom Elecitroy
. Beta
o Radiation
-
‘ ‘ High Energy
Electromagnetic

l

Gamma
Radiation




Radioactive decay — half life

Co-60 Decay

100 Caes 08
“2:%'0]10g

\l
ol
l

Co0-60 remaining (%)
a
o
|

N
(&)
I

12.5 —

Number of half-lives
(1 half-life = 5.27y)

MU N
FSS
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Radioactive decay — half life examples

Half-lives of selected radioactive 1sotopes

Isotope Half-life
Uranium-238 4.5x109 years
Uranium-235 0.7x109 years
Plutonium-239 24,000 years
Carbon-14 5730 years
Lead-210 22 years
Trittum (H-3) 12.5 years
Cobalt-60 5.27 years
Polontum-210 140 days
[odine-125 60 days
Bismuth-210 5 days
Radon-222 3.8 days

Polonium-218

3 minutes

38 Department of International Relations and European Studies

jEmmple5 of Radioactive Materials

Radionuclide

Cesium-137
Cobalt-60
Plutonium-239
Iridium-192
Hydrogen-3
Strontium-90

lodine-131
Technetium-99m

Americium-241
Radon-222

Physical
Half-Life
0y

5y
24,000y
74 d
12y
29y

8 d
6 h

432y
4d

Activi
1.5x108 Ci
15,000 Ci
600 Ci
100 Ci
12 Ci
0.1 Ci

0.015 Ci
0.025 Ci

0.000005 Ci
1 pCill

Where Found
Food Irradiator

Cancer Therapy
Nuclear Weapon
Ind. Radiography
Exit Signs
Ocular Therapy

MNuclear Medicine
Diagnostic Imaging

Smoke Detectors

Environment

FSS



Radioactive decay — half life examples

[sotope
Uranium-238
Thorium-234

Proactimium-234

Uranium-234
Thorium-230
Radium-226
Radon-222
Polonium-218
Lead-214
Bismuth-214
Polonium-214
[Lead-210
Bismuth-210
Polonium-210
Lead-206

Emits

Alpha

Beta, Gamma
Beta, gamma
Alpha, Gamma
Alpha, Gamma
Alpha, Gamma
Alpha

Alpha

Beta, Gamma
Beta, Gamma
Alpha

Beta, Gamma
Beta, Gamma
Alpha
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Half Life

4500 000 000 years

24.1 days

60 seconds
245 000 years
76 000 years
1600 years

3.8 days

3 minutes

27 minutes
20 minutes
160 microseconds
22 years

S days

138 days
Stable

Uranium

Protactinium

Thorium

Actinium

Radium

Francium

Radon

Astatine

Polonium

Bismuth

Lead

Thallium
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Radionuclides

Cosmogenic radionuclides: tritium 3H (half-life 12,5 years), carbon #C (half-life
5730 years)

Primary radionuclides : potassium 4°K (half-life 1,26x109 years), thorium 232Th (half-
life 1,4x1010 years), uranium 238U (half-life 4,5x109 years), 23°U (7x108 years)

Secondary radionuclides: radionuclides of decay series — thorium, uranium,

aktinouranium, neptunium

40 Department of International Relations and European Studies
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Sources of human radiation exposure

Sources of Radiation

41 Department of International Relations and European Studies

Medicine

MNuclear Industry
Hadon
Buildings/Soil
Cosmic
Food/Drinking Water
Matural Radiation

Nuclear medicine, 4% \ /

Medical X rays

Terrestrial

Internal

Cosmogenic

- Natural radiation

Arti cial radiation

Consumer
products, 3%
Other, 1%

Radon
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Radiation exposure

RADIOMETRICKA MAPA CESKE REPUBLIKY
RADIOMETRIC MAP OF THE CZECH REFUBLIC

Bl e s By, Wl s i

@ S a o e

ol Sana rits vy o)

Czech Republic - cca 3 mSv/year
Iran (Ramsar) - up to 400 mSv/year
India (Kerala) - up to 17 mSv/year

Brazil (Guarapari beach) - up to 175 mSv/year

43 Department of International Relations and European Studies

M=
wn =



Type of Radiation
[dose in mSwt

Equivalent Period of Natural
Background Radiation?

Estimated Lifetime Rizk of
dying from cancer that results
from a single exposure?

Arport Security xray scanner & Almost
iess than one hour
(~000HmSV) fless than 1in 100,000 000)
7 hour aimplane fight @ Almost
' a fewda
(~003 mSv) = {1in 1,000,000 - 100 000)
Almost

Chest wray s
{~01 mSv)

~one wesk

(1in 1,000,000 - 100,000

Mammogram &

{~0d mSv)

a fewmonthe (~7 monthe)

1 m "|:||:|:|:||:||:| io "l:l:':":'j

CT of chest &

[ N |
{~TmEv}

afewyears (~23 ywars)

- ]

1 10000 to 1,000

Fluoroscopy: colon (barium enema) &

{~EmS5v}

afewyears (~2.7 ywars)

= |

1in 10000 to 1,000

B Sleeping next to someohe (B.B5 LSV}

m Living within B8 miles of a nuclear
B power plant for o year {B.89 uSv)

8 Eating one banana (A.1 pSv)

Living within 58 miles of a coal
power plont for a yeor (B.3 pSv)

AT X-Fay

Using @ CRT monitor
(1 psvy

for o year (1 psv)

Extra doss from spending one day in
an area with higher-thon-average
natural bockground rodiotion, such
as the Colorado ploteau (1.2 pSv)

Dental x-ray (5 pSv)

Bockground doze received
by an average person over
one hormal day (18 pSv)

Airplone flight from New York to La (48 uSv)

v,

CT of hear {angiography) £
(~16 mSv)

afewyears (~5.) ears)

-

1 10000 to 1,000

FET zcan, whole body S
(~#4 m3v)

afewyears (-6 ywars)

- ]

110000 to 1,000

Fluoroscopy: kidneys, ureters and
Hadder 5
[(~15m3v)

zfew years (-0 years)

- ]

1in100001t0 1,000

Whole-body CT 2can @

[~22 5 mSv)

severd years (-7 .5 war)

im 1 :I:i:ll:l

Muclzar Madicine: Cardiac stress-
rest test (thalbum) &
(~40 TenSv}

many years (~13.0 yearg)

~2in 1,000

Transjugular mirahepatic

DOROSYSSMIC SENUM placement T

{~7F0m3v)

many years (~23.3 yearg)

1m 100 - 1,000

Lifetime rizk of cancer death NOT caused by radiation®®

& '5

o

% Unless it's a bananapheona.

B = (8.05 psv)

= ol 5}

Using a cell phone (B pSv)-0 cell phone’s transmitter does
not produce iohizing rodiotion® and does not couse concer.

O Chest x-ray (28 pSv)

EP4 wearly releose
limit for a nuclear
pover plant (258 Sy

Yearly dose from
natural potassium in
the body (398 pSv)

P& wearly limit on
odiation exposure
0 a single member
f the public

(1 m3v=1,008 L3y

Typical doge over
two weeks in Fuku-
shima Exclusion
Zone {1 m3v, but
areas northwest saw
far higher doses)

@ Extra dose to Tokyo in weeks following
B Fukushing accident (48 mSv)

@e Living in a stone, brick, or concrete
B8 byilding for o year {78 pSv)

Approxinate totol dose received ot
Fukushima Town Holl over two weeks
following accident (188 pSv)

MNormal wearly background
doze. About G5K is from
natural sources. Mearly
all of the rest iz from
medical scans (~4 mSv)

EPA wearly relegse target for
a nuclear power plant (38 pSv)

- ALl the doses in the blus
B8 chart combined (~68 pSv)

Average total dose from the Three
== Mile Island accident to someone
living within 18 miles (89 Sv)

Maximum vearly dose permitted for US rodiotion workers (58 mSv)

Mammagr an
(488 pSv)

e i mum
external dose
from Thres
Mile Island
accident

(1 m3v)

Doze from spending an
hour on the grounds ot
the Chernobyl plant in
20818 (6 mSv in one spot,
but varies wildly)

Chest
CT =can
{7 m3v)
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Approximate total dose ot
one stotion at the north-
west edge of the Fukushimo g

exclusion zone (48 m3v) B

ALl doses in
gm 3reen chort
combined
(~75 mSv)

Dose received by bwo Fukushima
plant workers (~188 mSv)

EPA guidelines for emergency
gituations, provided to

ehnsure quick decision-making: Pk
Severe radiation

Dose Llimit for emergency @@
workers protecting valuoble
property (108 mSv)

poizaning, in
some coses fotol
(2888 nSy, 2 Sv)

Dose limit for emergency
workers in lifesaving
operations (268 mSv)

Fatal dose, even with treatment (& Sv7

Dose cousing symptoms of
radiation poisoning if
received in a short time
(488 mSv, but varies)

Radiation worker B
one-year dose
limit {58 mSv) §

Lowest one-year dose
clearly linked to
increased cancer
risk (108 m3v) B8

Usually fotal radiation
poizoning. Survival occo-
sionally possible with
prompt trectment (4 Sv)

Chort by Randall Munroe, with help from Ellen, Senior Reactor Operotor ot the Reed Research Reactor, who suggested the idea ond provided a lot of the sources. I'm sure 1've added in
lots of mistokes; it's for general educotion only. If you're basing radiation sofety procedures on an internet PNG imoge and things go wrong, you have no one to blame but yourself.



SYMPTOMS OF RADIATION EXPOSURE

Generally speaking, radiation sickness is brought on by a large dosage
of radiation in a short period of time, but it has also occurred

BACKGROUND RADIATION

Everybody is exposed to both naturally-
occurring and artificial background radiation;
levels typically range from 0.0015 - 0.0035

Radiation
exposure is
measured in units
called sieverts

Sv/year:

Radon gas

from the
ground

Food/
drink

(Sv).

Medical

Nuclear power/

il P
source -
Cosmic ¥ Other "

rays

COMPARING EXPOSURES
10 Sv

0.0004

0.0001
0.00001

roc cmarchanco nk* World

Fatal within weeks

Typical levels in Chernobyl workers
who died within a month

A single dose would kill half of those
exposed within a month

A single dose could cause radiation
sickness and nausea

Detected level at Fukushima
(as of Tuesday morning in Japan)

Exposure of relocated Chernobyl
residents

Recommended limit for people
working with radiation
every 5years
The Japanese
Full-body CT scan government has
recommended
evacuation within the
30 km radius of
Fukushima, and so far i
|

Typical natural radiation
per year

there is no threat to the

Mammogram x-ray Tokyo metro

¥

Chest x-ray

Dental x-ray

Nucle ar A ccnciatic Nilanediax Granhic Nes

)
\

4 with long term exposure.

Thyroid gland:
High cancer risk as the
thyroid absorbs
radioactive iodine-131

Red blood cells:
Low platelet count,
spontaneous bleeding

Stomach: Nausea,
vomiting, internal
bleeding

Small/large
intestine: Diarrhea,
bleeding, destruction

of lining

Bone marrow:
Depletion of white
bIooJ) cells (upto 50%
within 48 hours),
leading to high risk of
infection

ELE )]
exposure can also
increase the chances
of developing cancer,
tumours, and genetic
damage.

Lungs: Inflammation
andscarring

Early symptoms, exposure levels
and time to symptom onset

Diarrhea

Fever
Later symptoms
Dizziness,
disorientation 1wk, Immediate
Weakness, A 1wk, Immediate
fatigue
Hair loss, 8 1wk Immediate
bloody vomit
and stools,
infections,
ﬂgor wound
aling, low
blood pressure

CHANCES OF DEATH
BASED ON EXPOSURE LEVEL

95—!)0%‘50-100%: 1000/0

2-6 Sv 6-8Sv  8-30Sv
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Sievert is a measure
of the health effect
of low levels of
lonizing radiation on

the human body
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Radiation Exposure in Daily Life

Radiation
250,000pSviyear —| = 250,000
100,000

50,000
10,000pSviyear

Guarapari Beach, Brazil —»| 10,000

0.39 0-29 &
Space Food 7‘7
& @ [2800uyear

Natural Radiation

{micro sievert - uSv)

100,000pSv/year

Maximum permitted for staff
working in emergency cases

«—— 50,000pSviyear

Maximum permitted for Radiation workers and Disaster
management workers (Policeman and Firemen)

» 6,900puSvitomography
%'l Chest X-Ray computed tomography {one time)

—

1,000pSviyear

Regular public space

0.48 1.26 | per person/fyear
\_ Earth Radon (nai /
400uSviyear

Domestic Natural Radiation
variation {Gifu - Kanagawa)

200uSviroundtrip
Tokyo - New York flight

{radiation varies depending on the flight altitude}

Evaluation of radioactive emission from 22|JSvlyear
nuclear reprocessing plant

10uSviyear
Clearence level
{estimated value)

Abdominal X-Ray
Ll for health checkup {one time)

600uSviradiograph
50uSviradiograph

Chest X-Ray
for health checkup (one time)

Nuclear Power Plant area

(Light Water Reactor) {(estimated value)

Sv (sievert) = constant of biological effects of radiation® x Gy (Gray)

(*) X-Ray, Y-Ray =1

Translated by volunteer students of Keio University from material created by the MEXT based in the “Shigenryoku 2002” (Agency for Nafural Resources)
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& D
Radioactive exposition RABIGACTIVE CHART

Eating one banana 0.1 microsv
10 bananas Using CRT monitor for a year
35 bananas Extra cdlose from one day In average town near the Fukushima plant
50 bananas Dental X-ray
100 bananas Background dose received by an average person on an average day
400 bananas Flight from New York to LA
700bamnm‘ Living in a stone, brick or concrete building for a year
1,000 bananas ‘ Chest X-ray
2,500 bananas Release limit for a nudear power plant for a year
4,000 bananas Yearly dose per person from food per year
10,000 bananas EPA yearly limit on radiation exposure 1o a member of the public
15,000 bananas Spinal X-ray
25,000 bananas Natural background radiation we're all exposed to per year
30,000 bananas Mammogram
36,000 bananas One day close at two sites 50km NW of Fukushima
60,000 bananas Dose from spending one hour on the grounds at Chernobyl In 2010
100,000 bananas Average CT wan
360,000 bananas Smoking 1.5 packs a day for a year
500,000 bananas Maximum yearly dose permitted for US radiation workers
1,000,000 bananas Annual dose at which Increased lifetime risk of cancer Is evident
2,500,000 bananas Dose limit for US radiation workers in life-saving operations
4,000,000 bananas Maximum radiation levels detected at Fukushima per hour
5,000,000 bananas Slight effect, decrease in blood cell counts - return to normal In a few days
10,000,000 bananas (1in 125) Temporary radiati < Nausea, low blood cell count. Not Fatal,
20,000,000 bananas Severe radiation polsoning, nausea & vomiting, but recovery likely
40,000,000 bananas Extremely severe dose — survival possible with prompt tr
50,000,000 bananas Extremely severe radiation dose - high chance of fatality
60,000,000 bananas Usually fatal dose
100,000,000 bananas Fatal dose
300,000,000 bananas Death Invetable withing 2-3 weeks
47 Department of International Relations and European Studies 500,000,000 bananas 10 min of exposure 10 the Chernobyl reactor core after meltd

1,000,000,000 bananas Immediate severe vomiting & coma — death withing hours.



Effects on human organism

Bystander (nontargeted) . Direct (targeted) effect
effect

MN, AC 5
(genomic i i
instability)
?2 -~ necrosis apoptosis
s - death
e )
@ , :
apoptosis E
\\ |
\ | MN, AC
@ ' i (genomic
adaptaive v E repair instability]
response necrosus 5 1 J
' survival
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Normal repair of damage Cell dies from damage

oo weh

No repalr or non-identical
Daughter cells die repair before reproduction

Module 26
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Effects on human organism

Stochastic (random) - few cells damaged, subliminal dose or repeated small doses.

- we can only calculate the probability of injury, no injury may in fact occur.

- can be detected only by observing a large number of people. Risk of small doses? Scientists
still do not match, they can not confirm nor deny it for there is not a sample of people who are
not exposed to any radiation at all. No control sample.

- It is known that there is a "protective effect" radiation (hormesis) - in places with higher

radioactivity there is less incidence of cancer (cells repair any damage).

M=
wn =
wn =
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Effects on human organism

Non-stochastic effects (deterministic) - after a large dose of radiation, many cells,

appear in a short time.

Examples:

local dermatitis
Lenticular opacities
birth defects
fertility

Acute radiation sickness

50 Department of International Relations and European Studies




Protection against radiation

— Distance - ionizing radiation intensity decreases with the square of the distance, ie.
after 10 m it is 100 times lower, after 100 m it is 10000 times lower, after 1 km itis a
million times lower.

— Time - the shorter the exposure, the smaller the cumulative dose

— Shielding - depending on the type of radiation: alpha radiation skin tones, clothing,
paper; beta radiation, aluminum sheet; gamma rays concrete, a layer of water, soill;
neutron radiation, water, polystyrene, paraffin.

— Diffusion and dilution — wind, rain etc.

51 Department of International Relations and European Studies
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Protection against radiation

Paper

_1 Alpha rays (f"—)
J_ Beta rays

Gamma rays

L

52 Department of International Relations and European Studies

Skin and
body tissues

Lead
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Radiation vs. radiocontamination

— Radiation: subject or object directly exposed to ionizing radiation from a
radioactive source; the subject or object does not become radioactive but is
damaged by radiation.

— Radiocontamination: radioactive particles get in direct contact with
organism. We distinguish between outer radiocontamination (dust and
particles on the surface) and inner radiocontamination (dust and particles

Inhaled, consumed or penetrated through skin injuries).

53 Department of International Relations and European Studies
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Protection against radiation

Objective of the radiation protection

To ensure that during normal operation the radiation exposure inside the device and/or the
release of radioactive materials into the environment is as low as reasonably achievable,
taking into consideration economic and social factors and prescribed limits and ensure

mitigate the extent of exposure to radiation accidents.

The principle of ALARA
— Observe the rules and seek new and better ways of performing work

— Already applied in the design

M=
wn =
wn =
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Protection against radiation

— the use of nuclear energy is regulated by law
— nuclear safety is not a mere formality, it is an enforceable requirement
— all effects are monitored and evaluated

— responsibility is transferred to the operator's license holder

55 Department of International Relations and European Studies
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UCLEAR/ENERGY IS
SSAFE/AND RELIABLE:

Thank you for your attention.

I'MGONNA HAVE GLEAN
AIRWHEN | GROW UP.
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