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Mine exploration On-shore exploration | On-shore exploration | Mine exploration
Extraction Surface mining production production | Surface mimng
Underground mining | Off-shore exploration | Off-shore exploration | Mine waste disposal
Mine spoil disposal production production
Gas separation
Washing, Sorting Refining Liguefaction Milling, Mill tailing
Processing Gasfication Waste water treatment | Re-gasification disposal
Liquefaction Conversion to UF6
Enrichment
Fuel fabrication
Reprocessing of SF
Transport All transportation All transportation All transportation All transportation All transportalion
amiong vanous steps | among various steps | among vanous steps | among various steps | among various steps
Stockpiling Crude oil & Refined | LNG storage Fresh fuel storage
Storage products storage Spent fuel storage
(Fuel) Reprocessed fuel
Electricity generation | Electricity generation | Electricity generation | Electricity generation | Electricity generation
Power Construction Construction Construction Construclion Construction
Production 0O &M O&M 0&M 0&M O&M
Decommssioning Decomissioning Decomissioning Decomissioning Decomissioning
Solid waste disposal | Solid waste disposal | Liquid residuals treat- | LLW, MLW, Solid waste disposal
Waste Ash disposal ment HLW(TRU)
Management | Ashre-use or recycle storage and disposal

3

Dimensions of environmental impacts

B 2 2B LU > o2 FOFHET 4 A2V g >

Time: - Short term (up to few years) Space: - Local (in the immediate surrounding: about 20km)
- Medium term (within decades) - Regional (at a national, district-level)
- Long term (over longer periods) - Global

Mode: - Normal operation (including minor accidents)

- Severe accidents
Receptors:  To be classified in terms of ecosystems and anthropogenic environment,

Dimensions of human health risks
Persons at risk: - Workers (people working within the facility or undertaking the associated activity)
- Public (members of the general public outside the boundaries of the facility or not
directly involved in the undertaking of the facility)
- Fatality (deaths expressed on a normalized per unit of electricity produced)
- Non-fatal (diseases or injuries on a normalized per unit of electricity produced)
For workers, additionally expressed as Work Day Lost/GWe/yr
- Short term (up to few days, so-called acute)
- Medium term (within lifetime, so-called delayed)
- Long term (crossing generations, so-called mutagenic)
- Local (in the immediate surrounding: about 20km)
- Regional (at a national, district-level)
- Global
- Normal operation (including minor accidents)
- Severe accidents

Type of harm:

Time:

Space:

Mode:
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FUEL CYCLE : COAL - Extraction Phase

SHORT-TERM MEDIUM-TERM LONG-TERM
Land Loss (U&S: earthmoving) and Loss cidification of Local Envi-
[Subsidence (U: extragtion cavity) Subsidence ronment
Visivility (S: dust) d Ceor ination (U: acid ~ Soil, Foredt, Aquatic zone
[Surface & Groundwater Contami- mine drainage, S: arosion of spoil bin(opa Changes
LOGAL nation (U: acld mine drainaga) materials)
lAir Pollution (particulate, SOx, NOx)  |Air Pollution (paticulate, SOx, NOx)
Radon Emission [Soil Acidification (same above)
Emission
[Degradation of Existing Ecology cological Changes
- Soil, Forest, Agualic zona [Food-Net Accurmulation
[Food-Net Acsumulation (radon)
REGIONAL
[Climate Changes due to Graen-
house Effects (COZ)
GLOBAL

U: Underground mining, S Surface/Opencast mining

Biotope. EiSH. WEOEWERAEEL 32— RREE L LR

FUEL CYCLE : COAL -- Power Production Phase

SHORT-TERM

MEDIUM-TERM LONG-TERM

lir Pollution (particulates, SO2, NOx, |Acid Depaosition (NOx, SOx, Photo- Acidification of Local Envi-

trace metals, CO, HC, PAHs) chemical Oxidants) renment
[Seawater Pollution (thermal discharge,[Damage to Aquatic Food Web -~ Soil, Forest, Aquatic zone
waste water) {themmal water discharge, trace metals) [Biotope Changes
LOCAL [Radionuclidas Emissions Fadionuclides Accumulation Food-Net Accumulation (radic-

nuclides)

\race metals, CO, HC, PAHs)

REGIONAL

L Damage to Vegetation {SO2, Ozone, NO2)[Ecological Changes
ir Pollution (particulates, S02, NOx, Degradation of Existing Ecology

- Soil, Foredl, Aquatic zane

GLOBAL

IClimate Changes due to
Greenhouse Effects(CO2)
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FUEL CYCLE : COAL
SHORT-TERM MEDIUM-TERM LONG-TERM
Wccidental Deaths and Injuries (AS) Prieurmoconiosis-F (EX: dust) [??7? Mutagenic Effects (EX, PR, WM
Fkin. Lung and Eye Imtations-N (EX, PR, [Meniscus, Asthma-N (EX: dust) PAHs, tmce metals, radio-
TR, ST, PP: dust) [? Stemach Cancer (EX) nuclides, POM)
sthma-N (EX: dust) [? Lung Cancer (EX: radon and its
daughter)
LOCAL [Respiratory Dissases (PP: SO2, NOx,
particulates, photochemical oxidants)
REGIONAL
GLOBAL

Abbr. . EX=Extraclion phase, PR=Processing phase, TR=Transportalion phase, ST=Storage phase, PP=Power Production phase,
WM=Waste Management phase, AS=All fuel steps, F=Fatal, N=Non-fatal,
PAHs=Polycyclic Aromatic Hydrocarbons (#85# %tk #) , POM=Polyoyciic Organic Matter ($8#M1yK)

SHORT-TERM MEDIUM-TERM LONG-TERM
[Peduction of Lung Function, Respi Y |[Respi y Du (PP: 502, NOx, [777 Mutagenic Effects (PAHs, trace
Diseases in Sensitive Groups-N (PP: particulates, photochemical oxidants) metals, radionuclides, POM)
S02, NOw, particulates, photochemical [?? Carcinogenic Effects (EX, PR, PP, WM :
oxidants) contamination of trace metals and/or
LOCAL [Eye Imitation-N (PP: photochemical radionuclides in food chain and/or
oxidants) drinking water)
Accidental Deaths and Injuries (TR)
REGIONAL
[77? Heat disorders, Cardiovascular
diseases, Infections, Famine,
GLOBAL Poisoning (AS: plobal warming)

Abbr. : EX: Extraction phase, PR: Processing phase, TR: Transportation phase, ST: Storage phase, PP: Power Production phase,
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Environmental Stress Sources
in Coal Fuel Cycle

©

Environment
Almospheric Beyeychic Sulphur
pathway orgauk il compounds Tt dompats Polyeyelic
: r ) R.ldbnur.hdu orgm ic material
Paticles (1‘_’
A pumes from fires " #; S0
g NOx
A A
Terrestrial ~ pSwiee ST G | || | e ¥ Ly [ et Shidge
pathway
Waste
disposal
Lesetin
Aquatic
pathway  conumption CVSmisal poliution S Tiormal dischergn
Trace metals cstnptio Dissolved solids
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Maode : Routine Operation ( including minor accidenis)

Option | COAL 1 OIL LNG | NUCL. S.PV.
Cycle stage 5 S5 [mes TEREE]§ M L. 1 8 M L S M L S M L
Extraction ‘Worker 7 %_% ?

Public |
Processing Worker i ? ? .

Public | 7
[Transport Worker |~ |

Public NN
Storage Worker

Public
Power Production  |Worker | - = 7

Public | [l ? | ? ? ' ? L
Waste Management|Worker

Public 2 ? 2 1 L 2

Mode : Severe Accident

wi COAL | OlL [ LNG | NUCL. S.PV.
Cycle stage §¢ [M** [L*+]| § M S M L S M L S M L
Extraction Worker

Public
Processing__ [Worker | | | 2

Public 7
ransport Worker

Public
Slorage 'Worker

{Public
Power Production  [Worker )

Public S| | I 1 [ ]
‘Waste Management|Worker

[Public

i
m‘z‘ non-fats I.

* 8: Short term (acule)

Y% Medium

Limited {or gensitive) groups

Relative moriality risk:
Nature of risk:

** M: Medium term (latent)

*** L: Long term (genetic)

7 Unknown

Low :lNcgli;i‘hlc
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Power Production

[Waste Management

2 o|E ..§.§= & :E»fg 3
: AELE R
5 HARYTA 5|y [fdealsafil i liali
HELH B e R
il L L\b) L AL A (5
Procescing YN O AN ]
3 frsgon @ A
Sﬁmse(Fud) &3 &
A JANEK
L

OIL

B>

[Wasie Management|

2N
s NP
|Processing & é A
torage (Fuel) .&
— INEDAS
A

O

B > (B

B B>

D@0 m Do (=

A
[Eatrction N
[Processing A\ i
Traspon O]
g s
Power Producion AN (@ (O %

(Waste Management

]

traction

[Processing

1> B>

B> B>

|

g

B B> B> P>

Transport

DRI S| PR @ DD (@ IS s

O

D00

[Storage (Fuel)

[Power Production

>

B

[Wasic Mansgement

> >

Dl Dble

S.PV.

IManufacturing

>

VN

[Power Production

A

A\

[Waste Management

A

* Radioonclides or trace metals

Relative Indicators:

®® Severs secldents

I: onshore bases

i ey 2: offshore bascs
Global . [ D E] 3: pipeline
4: due 10 failure of multi-barrier
Rapkedd . @ @ O @ syslem
PR W Y. WANVAN 5: Acsid of b
lurgs madiem small megl waknown materials
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