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Abstract

Muclear power plant is one potential alternative for the production of clean power to
be responsible for the increasing power requirement of the country. Nevertheless, the
installment of nuclear technology necessitates a thorough investigation of the impacts that
might occur to both safety and environment. This research sets the objectives to provide

detailed information on nuclear tec:h agy. This starts from giving details of the

technologies used in the past, cu gl future directions. Not to disregard is the

l.lf,-‘/{/

evaluation of suitable area ﬁ.d__ ir powetleElS o The criteria for the selection of the

suitable places for nuclear g& er with actual examples of the

investigation for the arg atial for such technology. The
environmental impact asg provided using the concept of
life cycle assessment s ane of uranium, conversion and

enrichment of the natural g , the power plant, and also the

options for the treatmenl of | -.k‘*., use of such uranium waste, or the

safe disposal. At the end g evallation of all the greenhouse gases
i .
generated from each stage of théGiaayila- & nuclear technology will be proposed for
e
the assessment of gl .i 2ntial ROIOGHY.

)

ﬂumwﬂmwmn'ﬁ
’Qﬁﬁﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ



ar ol
@ TFUTULTRY

ARRngsNUsEN A
unAmtanimine
unARtianTdana e
ﬂ'\rﬁ':uﬁm
AFUYAITIN

anaioypl
ABBUNEA Y ANEILATAY

un#i 1 v
1.1 AMNAAYURLY
1.2 aAguszas fnnzadt
1.3 TOULIANITINLL
1.4 O] uazize
1.5 s lumiadfing
uwi 2 wialifureamaluled
2.1 uwualtineaamalulls
2.2 malulatilowndef gan s
2.3 wmAluladg ;E,.:;;;:.';';.':.‘.'.;-
v,
2.4 wmalulad Mt
25 mﬂ'EuTaEu ﬁﬂf 4T 3+

”ﬂﬂ 13NHINT

‘l.!ﬂ'l"l 3 WM NYIAALRBNANTUNIFNIT LI

ammmmma 1

-
UnT 4 annfidalslRawasfusameing

26 A

4.1 yunaudayansdndenanndsaniiinfaedeulsmelng

4.2 taiguansdmAaananiuii

4.3 yAwmsinadenaodisas i mdiaei udssmelng
Uit 5 nangsnuRaaadessannsraatifindTiueces

5.1 ﬁ'ﬂ%’ﬂit‘fﬂmﬁqﬁmﬁﬁﬂ?

2 =2 D b 2 3

f=%

o W o o A

10
1"
11
12



5.2 inAnstiapdsidaunti (Front end of nuclear fuel cycle) 35
5.3 nsuannszualifa (Power generation) 41
5.4 dpansiiaafefaaunds (Back end of nuclear fuel cycle) 41
5.5 wieeirAnsENUMYAaadenanginsiamasiiandniselsaneing4a
unii 6 nsAaniRnnasamldenfaGeunszan 45
6.1 LUANINITANI 45
6.2 Funeunslszdiy 45
6.3 HANIANHIURTNITIRTILANS 57
6.4 unag 60
it 7 unagl: manisdaiiunisuil 63
UFTOUIYNTH 65
UseiminSuuasAny 67

1]
11
L

AuEINENINEINS
ARAIN TN INAY



A15UUAITI

3t 2.1 Measdasreanaluladivianlnsalawdeflugai 2
T 2.2 wisilweiidndn uusiazmetulad

AT 3.1 IneusTnsdputisiina A nnseulswiniedos
ﬂ'T?"IQ'H 4.1 1ﬂﬂruﬁ”1ﬂlaﬂ1ﬂ“ﬂﬁ ﬁu‘lﬂ

mﬂm 4.2 ﬂzuuuﬂﬂﬂuﬁwmwﬂaﬂmﬁﬂ

ANTIaT 4.3 Asuulsy muihu
FN319T 4.4 ﬂmﬂi"muﬁwu
ANTIT 4.5 wuﬁmm:ﬂu
AT 4.6 seniRBUTINGS
Fnsadt 4.7 qwﬁnﬁ‘lﬂ‘lm 1

eadt 5.1 wafusflang Luusdastlszine

i x

mm‘n 5.2 HaNTENUSIN. sadsznalng

= :
A9V 6.1 exposure tinfe LG W@ ,,,.f Y \

i iy, fd L3 ;
A1T19N 6.2 Wasdimanase A

T -
A9 6.3 RnunisUa e ol e s W ‘iu‘faﬁﬁﬂqﬂq BWRUAL PWR

meldTndns A nudiaanin ase fuel cycle)
o P VEET——
ﬂ_i‘l?!‘h‘ﬂ 674 lrm"rm 1! #lr Al B AN AR EATAT AR A L RO e -u‘
o - o
A15190 6.5 WFannugem mreuATalinenl

I u'

F’I"Iﬂw'ﬂ'l 6.6 lﬁ'ﬂ"ll‘l..lqI.‘.i'Luﬂ}l‘l"ILi"lllﬂuiﬂﬂﬁﬂlﬂﬂﬂuﬂﬂﬁt?mﬂu

RSN T

Fi"'li"'l*“’i 6.7 'd" I.i'I.utll.l'd"lLi’!Llﬁ"'l"lﬂﬂﬂ'lﬂﬂﬂhqﬁtlﬂmﬂu

'Ll - ‘F‘ H
ﬂﬁﬂﬁﬂﬂ ﬁ'ﬂﬁquﬂmmﬂ Em’nmgmuﬂmﬂmﬂﬁ:mmﬂ:]@

49
53
54

55
57



asuygl

71 1.1 seuvmsanarsziiudgdnsianvats i fiomdas
21l 2.1 neimanreslnlindaindnfFousermfatlaqii
1 2.2 dmunugtunilsslaiintulaniome 436 s

31 2.3 AnnulnlidawdefiEnueygluusanszna

d . ¥ ¥
g1t 4.1 drsanasinareatin luuhivdnszen a.upsassd

Uit 5.1 fpdnsdemasiawndon
7117 5.2 dndaunissandn G

¥ :
$U7 5.5 nezuauNIVULE

v F 3 l\; 7'

=T ,:‘-\
§ X ’ AR N xg\

317 5.6 imTanAa (Fuel agfe : \\\

gﬂﬁ 5.7 :Tm.iﬂmﬁﬂﬂqt J U ‘ WRPWR uaz BWR
R x4 v

910 5.8 dernd miuud T e M 1 udes 2 \

5111 5.9 Andoussdsznayfis 1AL

71U 6.1 yeuANsAnm

Eﬂﬂ B.2 ;j‘ ﬂ'ﬁhﬂi‘ﬂ‘iﬂ \- Tohere a2 ——,Ei

gﬂﬁ 6.3 uumsdam I Ve A (BWR WAE PWR)

i¥

-t
wae walulad ﬂ?muﬁ’q (ABWR W&z EPR)
o

317 6.4 ﬁuﬂnﬂ:WMWWW%;wﬂWﬁﬂ{wuﬂﬂ

uasiuidla veamalulatl ABWR uss EPR

¢ , Y,
R TR TN A
uqmmﬁ?u:;a;ﬂmﬁuﬁ mﬂ AP WW] a E]

o i
51 6.6 FunufiaFaunszananmsii@am@iig

10
12
13
29
A

35
36

38
39
40
42
43
46
51

59

59
60



AreBunadynansniuazAgaldluniside

GHG fingeunsean (Greenhouse gas)

BWR tﬂ?:ﬂﬂﬂﬁni‘ﬁl.mu Boiling Water Reactor

PWR m'#ﬂﬂﬂg']nﬂﬁuuu Pressurized Water Reactor

ABWR lﬁ'ﬁ"ﬂqﬂﬁni:ﬁwu Advanced Boiling Water Reactor
EFR l.ﬁ'i“mﬂﬁm‘niuuu Eumpean Pressurized Water Reactor

Thermal energy NAWTUAY
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electricity output

thermal efficiency

exposure time | (d)

capacity factor gz ua i 100% (%)
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The 284 fuel Fuel Assembly (17 x 17 type) Fuid Rod

rods are bundled
with qrids, and
the fual
assembly is .
equipped with
top and bottom
nozzles,

o S E N
S IE R

72 tuel rods are
bundled with
tia plates and
spacers »

m

Weight: Approx. 300 kg

L Qe 61

falalodalle

R

‘V

-

A cladding tube

contains about 400
pellats with both
ends plugged.
Thaose pelleis are
fixed with springs.

.
e~

3
}Jr
hmm1

Thase

T

fixed with springs,

& Uranium
powder is baked
into the pellet
farm ina
cylindrical shape.
About five grams
af the pellet can
produce
alectricity that
could supporta
normal
househaold life for
$in monthi.

A metal pipe
contains 350
pellets with bath
ndi plugged.

pellets are

A Uranium powder

al
wl i
bout eight grams

of the p!!lﬂ. can
mdure

B

life for cight
months.

into the
rmin a
al shape

g1 5.7 TademAaueiasljnraliuutianain wiu PWR ues BWR
(f17: http:/fwww.nfi.co.jple/product/prod02. htmi)
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gﬂ'l"': 6.1 TRUANITANEY

NAWIUAINTEY (Thermal Energy) SINaNRaNI881383 (Faghihi F uazaAnsy 2008) gn
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Thermal energy = (electricity output/thermal eff.) x exposure time x capacity factor (6.1)
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Thermal Efficiency
(%)
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Capacity Factor (%)

Electricity output
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m15199 6.3 1FunnimsdasldesinaFeunszanainmaluladdneds BWRuas PWR n1eléidg
ﬁ’nﬂ%ﬂmﬁaﬁamﬁufwuﬂa (Close fuel cycle)

BWR1 BWR2 PWR
Stages
(gCo, /KW, h) (gCO, , /KW h) (gCO, /KW h)
Mining & milling 0.18 0.18 0.90 1.73
conversion 0.92 0.92 0.20 1.37
1.52 10.75 12.40 0.54
enrichment
(Centrifuge) {Diffusion) (Diffusion)
fuel fabrication 0.13 0.60 0.12
construction

3.20 0.69

generation 0.69

—r, 2P S0
waste storage / 7/} &\}‘\&w\_ 0 030
reprocessing / / / g ‘\ "x \ & 0.30
waste disposal 1. l/ /i S\ \\ 0.24
decommissioning I l ﬁ;- ’ \.\\\

Total

5.98

F (1

ST

STtk o 20
- gumsniElunisAtuans =

aaabs ) m s

¥
A

- L .
Uinnudegsidigu Aanudsnumnuien (2,707,692

MW, d) mseae ;, "‘ Fos

total mass of uran ""ﬂ'f',, (6.2)
burn up rafe
'I.uui‘.tqfi’g-i'ﬂﬂ# uﬁlﬁu Hﬂﬁmrmzqnﬁmﬂnﬂr:mm
ﬂwwmuuamaﬂ Eh adnlwiladousea B
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L:.Ii:ri.‘r']Huﬁﬁﬁﬁuinﬂuﬂﬁflﬂﬂﬁﬂ"lmfalLi‘LﬁﬂNT!L'ﬁ'ﬂuuﬂﬂ“mﬂﬂu (M) (913197 6.8) UL

Fadaunszanainmsad 6.3 fsrldFunufnadaunszanannisidmalulad ABWR uax
EPR #aaun1g

ME X GHGi{nrigina]] = GrH{‘J‘ri (advance) (6.4)
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1)

2)
3)

4)
5)
6)
7)

8)

mining & milling ﬁﬂuiqmﬁﬂuﬁlﬁmnmnﬁmﬁwmwﬂsﬂﬁm wazum azldguilon
93% a3l U-235 2] 0.711%

conversion Watugusguniisussumieglugd UF,

enrichment wenlelstmlginiiusdieliiinududures U-235 MANAY UAT UF, azgn
wanunlndudlu UF,

fuel fabrication (WeAARNG

generation tam i lasls; T
waste storage (LT ainad aaNTNNIUATIA
reprocessing NITLIVR Rarignflonuasngladey
wiel 1% wazaia U

waste disposal NAAN%

AULINENINYINS
RIAINIUUNINY A Y
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Mill tailing 7% U
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Spent fuel
Reprocessing facilities

Cooled fuel
95.512% U
0.075% Np
0.903% Pu
0.014% Am
0.004% Cm

3492%F P,
_L—‘ 17

16

76, 76%% F.P.

W
Wasic

dispaosal

AUt Ingninens
AR TN TN
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9 13
Total mass uranium
D.S?hﬁ 10 0.5% loss 14 E 15
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UFs to UDy | Fabrication [——————# Power Plant Storage
X wio U-235
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95.512% U
+ i 0.075% Np
0.903% Fu
0.014% Am
0.004% Cm
3492%F.P.
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¥
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disposal
1 2
vore [ wamgze | *Y[C
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0,711 wio
-235
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anAANIAgHENY ﬂ?j ?m ﬂmnﬂ:ﬁ h %‘Eﬂﬁ BWR uar PWR
FuAdL lufinda 84 Van de vate JF
(2002) waz Hondo H. (2005) @au PWR Whidauasn Lenzen M {2008) u:'mmmﬂummﬁ
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el Vinnugisiilen (kgu) VHEIME)
1 181,606 artdrdumau mining & milling
2 168,935 anedindumeu conversion stage
3 12,670.13
4 168,090 anudrdumeuenrichment
5
6
7
8
9

-
o

A fuel fabrication

1

12

13

14 T2l - o etk fumeu generation

15 qendriuneu waste storage
16 _______‘:; reprocessing
17 -

18 anendn -’ ey waste disposal
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dedrutfnugniansinmaluladl BWR uazPWR fu APWR usy EPR fatdfiduaiufacli
augagationluwdszmalulatinndenis

=i H - =
A919% 6.5 Winnnugintsaimuauas funugndiouilewdseasianjneal

BWR1 BWR2 ABWR PWR EPR
Vnugedlonionuedild | 90256 | 67,692 60,171 63,264 45,372
1.um'=iﬁ~:|ﬂﬁn?n'f (total
mass of uranium)
Winniginile sy 20,057 21,088 15,124
37)Ang (mass of uranium
refueling input to reactor)

J b - -
ANTNN 6.6-6.7 wamanls ; qnﬂémwmmmﬁu{wuﬁﬁ

1 L
u.ﬂ:fi'g‘i'nﬂ.iﬂmmuumﬂn B ugilendniuaseiuneu

N - - -
aenrighiriel 1vigdnsuuudieasliifFunu
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mining & milling, convers

A J 3 3
gudiuunannds Waeanglh MdlwmiRvisalifnugedion
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BITHTIMHINTY

9197 6.6 1Eaug Tl

& e S
neldiaigansdemaiy e

aned
BWR1
T | 2008
2 186,370 | 145354 | 15@:693 | 144,025 | 131,069 |qu
R SR TR {ka TTE ) ¢
4 185,438 | 144,627 | 155,909 | 143,355 | 130,413
5 932 727 784 721 656
6 183,352 | 143,063 | 154,448 | 141,964 | 129,365
7 30,409 | 22,807 | 21,315 | 20272 | 15287
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faweasfuuutle (de)

e Vannuguadion (kgu)
BWRT | BWR2 | PWR | ABWR | EPR
8 32,654 | 24,491 | 22,889 | 21,769 | 16415
B 163 122 114 109 82
10 31,837 | 23,878 | 22316 | 21,225 | 16,005
1 653 ) 328
12 1,592 800
13 159 80
14 30,086 15124 |
15 30,044 15,103
16 15,103
R 269 135
18 1,367 687
19 28,409 14,281
20 85 43
[ 21 28,324 14,238
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2 168,547 | 149,522
3 12,641 11,214
4 167,704 | 148,774
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ABWR EPR

5 843 748
6 147,431 | 133,488
7 20,272
8 21,768
9

. 7 O
Heansuanaauaag i e lusavdunau 299

waluladl ABWR fu BWR uf EPR FoufuPWR (A131a7 6.8 nurmunliduiouls M
aamfutindn M, T':qm WHMMMM BWR uazPWR
(397 6.3) muﬂun@ i atlda Alulatl ABWR uax
EPR

A ANNTUARIINYIA Y



o -
A19199 6.8 AndonlanuosvenBuiugiisnsndusasdunsy (M)

57

Close fuel cycle once-through fuel cycle
stages
ABWR/BWRA ABWR/BWR2 EPR/PWR ABWR/BWR? ABWR/BWR2 EPR/PWR

Mining &

0.77 0.29 0.84 0.90 1.16 0.95
milling
conversion 0.77 0.99 0.84 0.90 1.16 0.95
enrichment 0.76 0.98 0.82 0.78 1.01 0.85
el ’

0.67 0.89 0.67 0.82 072
fabncation
generation 0.67 0.89 0.72
waste storage 0.67 % w 0.89 0.72
reprocessing 0.67 : ’7// ‘ h\\\\ :
waste , D

0.67 ) ' y 0.89 0.72
disposal f '
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Obase technaology
D achancs fechnology
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Total GHG amission (g COy.. KW, )
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BWRT w ABWR BWRZ w AEWR PWAR S EPR

Ir
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AUAN (BWR UAE PWR) uas
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a - -4 -
A lunsdifinmiin ulilwi via dgdns
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. g ‘ \ N ,
t"fﬂmmmlﬂﬁﬂfﬁw“ﬁﬁﬁﬂ T niding \\’ ‘®rsigh, enrichment UR: fuel
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Weadnies 1y funeu mining & n AARIATN 0.97 gCO,,/ KW, h

# ABWR uas EPR wudn udld
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h.*
W

x4 ==
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GHG emission (g CO2.e0kW ch)
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Atillae ABWR uas EPR

N
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1171 6.4 Furaun

L
- gé’nfﬁﬂmaqmmau{ﬁquumﬂn

‘ @193 (Gaseous  diffusion)
i : = 2 A "'d i w
Uszunnd 70% 1eafiunuigtsg ATV ANFLEIRINNTEUIUNTUN TR T RBINAS
. - ' — T— ' =i -
NALUNINGY 2,400 kWh /SWiLEGTE iAR glelsindenion Trnusinszuaunisuyy
BZ I - {

witseaing (Gas Goh ) [Dones R et al., 1996]
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generation
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fuel fabrication
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€ conversion

N minmg&milling
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